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Pegfilgrastim-induced fatigue and leukocytosis improved following
dose reduction in a young patient with breast cancer: A case report
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Abstract. Dose-dense (DD) chemotherapy is a treatment
option for patients with high-risk premenopausal breast
cancer. Pegfilgrastim may be administered as prophylaxis
against the development of febrile neutropenia and enables the
continuation of the DD schedule; however, it is associated with
adverse effects, including bone and muscle pain and fatigue.
We herein describe our experience with pegfilgrastim admin-
istration alongside DD chemotherapy in a patient with breast
cancer. A 29-year-old female patient was diagnosed with
locally advanced breast cancer during lactation. The patient
was diagnosed with cT2N1MO, stage IIB triple-negative breast
cancer and underwent four cycles of DD chemotherapy with
epirubicin plus cyclophosphamide, followed by four cycles of
docetaxel (DTX) every 2 weeks preoperatively, with 3.6 mg
pegfilgrastim administered subcutaneously on day 3 of each
cycle. The absolute neutrophil count (ANC) was 2,700, 8,400,
11,100, 13,300 and 15,000/mm? on day 1 of each cycle. The
patient experienced fatigue after each pegfilgrastim injection
and was considered to be a high responder to pegfilgrastim.
Therefore, 1.8 mg pegfilgrastim on day 3 of the first DD-DTX
cycle was recommended. On day 1 of the second cycle, the
ANC was 13,090/mm?®. The patient experienced less fatigue
after the administration of 1.8 mg pegfilgrastim, but there was
a significant decline in her performance status. As there is
currently no evidence of pegfilgrastim dose reduction to below
1.8 mg, pegfilgrastim was omitted on day 3. On day 14, the
patient developed viral enteritis, fever (38°C), and an ANC
of 297/mm?. Therefore, the third cycle was postponed. After
1 week, the patient's ANC recovered to 2,480/mm?* and she
was administered the third cycle with 3.6 mg pegfilgrastim
on day 3. Between January 2015 and March 2018, a total of
55 patients with breast cancer received chemotherapy with
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chemotherapy,

pegfilgrastim at the Shiga General Hospital. No patients other
than the one presented herein experienced leukocytosis during
chemotherapy. Although this was a rare complication, a dose
of 1.8 mg pegfilgrastim was effective in palliating the patient's
symptoms and preventing DD chemotherapy discontinuation.

Introduction

Dose-dense (DD) chemotherapy every 2 weeks is commonly
prescribed for patients with high-risk, invasive, operable
breast cancer (1-5). The prophylactic use of pegfilgrastim is
also recommended by consensus guidelines in order to prevent
chemotherapy-induced febrile neutropenia (FN) (1-10). FN is
a potentially life-threatening condition characterized by the
development of fever in addition to chemotherapy-induced
neutropenia. The FN risk may be mitigated by reducing
chemotherapy dosage or extending dosing intervals. However,
these measures also reduce the relative dose intensity of the
chemotherapy and, consequently, survival rates. Therefore, a
granulocyte colony-stimulating factor is often administered to
manage chemotherapy-associated FN and to allow anticancer
drugs to be administered more effectively. Similar efficacy and
safety profiles have been observed in individual studies (11-16)
comparing an average of 11 days of filgrastim treatment with
pegfilgrastim, and a meta-analysis (17,18) suggested that,
overall, pegfilgrastim may be more efficacious compared with
filgrastim. While daily administration of filgrastim is required,
pegfilgrastim is administered as a single once-per-cycle
injection. Based on the convenience and patient adherence,
pegfilgrastim may be preferred to filgrastim for the preven-
tion of chemotherapy-induced FN. Pegfilgrastim at 3.6 mg
is considered safe and effective for Japanese patients with
breast cancer and has been administered in the country since
September 2014 (19,20). Numerous reports have demonstrated
that the prophylactic use of pegfilgrastim is associated with
clinical and economic benefits; however, symptomatic adverse
events, such as bone and back pain and fatigue, are frequently
reported (19,21,22). We herein report the case of a patient with
breast cancer who required pegfilgrastim dose reduction to
1.8 mg during DD chemotherapy after experiencing severe
fatigue and leukocytosis. Although such complications are rare,
pegfilgrastim dose reduction was effective in palliating the
symptoms and preventing interruption of DD chemotherapy.
Since pegfilgrastim at 3.6 mg was first approved in Japan,
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55 patients with breast cancer who received chemotherapy at
Shiga General Hospital were administered this agent between
January 2015 and March 2018, The medical records of all
55 patients were retrospectively reviewed, and the laboratory
data of this patient were compared with those of the 54 other
patients with breast cancer receiving chemotherapy along with
pegfilgrastim.

Case report

A 29-year-old woman presented to the outpatient clinic of
the Department of Breast Surgery at Shiga General Hospital
(Moriyama, Japan) during lactation with a lump in her right
breast. Physical examination revealed a mass =2 c¢m in size
without skin invasion in the upper-lateral region, along with
axillary lymph node enlargement.

Ultrasonography, computed tomography and breast
magnetic resonance imaging revealed a breast mass and axil-
lary lymph node enlargement on the right side. Core needle
biopsy led to the diagnosis of a high-grade invasive ductal
carcinoma that was triple-negative [for estrogen receptor (ER),
progesterone receptor, and human epidermal growth factor
receptor (HER)2]. The Ki-67 labeling index was 80%, basal
cytokeratins 5/6 were focally positive, and androgen receptor
was negative (Fig. SI). The tumor was radiologically classi-
fied as cT2N1MO stage IIB according to the eighth edition of
the Union for International Cancer Control-TNM classifica-
tion (23).

The patient was premenopausal and had two children, and
preservation of fertility was not considered necessary. She
was found to be BRCA mutation-negative, and had no history
of other diseases. Thus, preoperative chemotherapy was
commenced, using four cycles of DD-90 mg/m? epirubicin
and 600 mg/m? cyclophosphamide (EC), followed by four
cycles of DD-75 mg/m?* docetaxel (DTX) every 2 weeks, along
with 3.6 mg of pegfilgrastim administered on day 3 of each
cycle (1-5).

Absolute neutrophil count (ANC) was measured at the start
of each cycle and was found to increase gradually (Fig. 1A).
The patient also experienced significant fatigue after each
pegfilgrastim injection, worsening the Eastern Cooperative
Oncology Group performance status score (from O to 1) for
3 days. Expert physicians of the cancer board, comprising
breast surgeons, medical oncologists and pharmacologists,
concluded that the patient was highly sensitive to pegfil-
grastim, and recommended decreasing the dose to 1.8 mg on
day 3 of the first DD-DTX cycle. Subsequently, on day 1 of
the second DD-DTX cycle, her ANC was reduced slightly to
13,090/mm?. The patient also experienced less fatigue after the
pegfilgrastim dose was halved; however, she still experienced
a significant decline in performance. Given that no published
evidence exists regarding administration of pegfilgrastim
at doses <1.8 mg, it was omitted from the second DD-DTX
cycle onwards. The patient also wished to switch to filgrastim
administration. On day 14, the patient developed viral enteritis
and fever (38°C), with an ANC of 297/mm?. Therefore, the
third cycle of DD-DTX was postponed, and the patient was
commenced on oral levofloxacin (500 mg) for 5 days. The
patient's ANC had recovered to 2,480/mm® 1 week later, and
the third cycle of DD-DTX was initiated, using 3.6 mg of
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pegfilgrastim on day 3. The patient still experienced fatigue,
albeit milder, due to the absence of continuous pegfilgrastim
administration and lack of leukocytosis.

Patients. Since pegfilgrastim (3.6 mg) was first approved in
Japan, 55 patients with breast cancer who underwent chemo-
therapy at Shiga General Hospital were administered this
agent between January 2015 and March 2018. The medical
records of all 55 patients were retrospectively reviewed.

Chemotherapy is regularly prescribed for relatively young,
high-risk patients with breast cancer, including ER-negative
patients and those who are ER-positive but exhibit high Ki-67
indices. According to patient data reviewed by our team, 6 of
the 55 patients (10.9%) had bilateral breast tumors or multiple
tumors on one side. One patient had metachronous bilateral
breast cancer; however, data regarding previous history of
breast cancer were not available. Therefore, 60 tumors from
55 patients were investigated in total (Table SI). Chemotherapy
was administered as primary adjuvant therapy in
49 patients (89.1%), and for other situations (adjuvant systemic
therapy of local recurrence or second-primary ipsilateral
breast cancer without distant metastasis) in 6 patients (10.9%).
Furthermore, 3 patients had metachronous bilateral breast
cancer with a previous history of chemotherapy on the
contralateral side, and 2 patients experienced local recurrence
without distant metastasis, both of whom had a previous
history of primary therapy. Additionally, a 31-year-old patient
with metastatic breast cancer was administered high-dose
emergency chemotherapy, owing to the rapid growth of liver
metastases.

Patients were administered EC every 2 or 3 weeks, DTX
every 2 or 3 weeks, DTX (75 mg/m?)/cyclophosphamide
(700 mg/m?) every 3 weeks, or nab-paclitaxel (nab-PTX;
260 mg/m?) every 3 weeks (24,25). In patients with
HER?2-positive breast cancer, a loading dose of 8 mg/kg trastu-
zumab followed by a maintenance dose of 6 mg/kg was used
in conjunction with taxane-based therapy (DTX, DTX/cyclo-
phosphamide, or nab-PTX) every 3 weeks. A proportion of
patients who received triweekly DTX and were at risk of FN
received pegfilgrastim, including those aged =65 years and
those with locally advanced breast cancer and infectious or
ulcerative disease, reduced performance status, history of
FN, or neutropenia (8-10). Patients received 4-6 cycles of
each regimen along with 3.6 mg of pegfilgrastim on days 2-4
(24-72 h after administration of chemotherapy).

Supportive treatment for patients receiving the EC regimen
consisted of 6.6 mg of dexamethasone and 0.75 mg of palono-
setron administered intravenously on day 1, 125 mg aprepitant
administered on day 1 and 80 mg on days 2 and 3 (26), and
8 mg dexamethasone administered orally twice daily on
days 1-3. For taxane-based regimens, 6.6 mg dexamethasone
was administered intravenously on day 1. Furthermore, each
patient was instructed to wear two surgical gloves that were a
size too small for their hands to prevent peripheral neuropathy,
beginning 30 min before taxane administration and ending
30 min after the end of the infusion (27).

The completion rates of scheduled chemotherapy regi-
mens are shown in Table SII. Causes of dose reduction
included prolonged neutropenia or anemia related to chemo-
therapy, mainly occurring in elderly patients and those with
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Figure 1. (A) Median ANC, hemoglobin, platelet count and LDH changes in
our patient on day 1 of each cycle. The black line shows the ANC changes in
this case; the gray line with circle and triangle points shows ANC changes
in patients receiving anthracycline followed by a taxane-based regimen, and
those who received taxane followed by anthracycline, respectively. Light
gray circle and semicircle indicate 3.6 mg and 1.8 mg pegfilgrastim, respec-
tively, for the present case on day 3. (B) Median ANC changes on day 1 of
each cycle in each indicated regimen. The black line shows ANC changes
in our patient during DD-EC. Gray line with circle, rhombus, square and
triangle points indicate ANC changes in other patients who received EC,
DTX, TC and nab-PTX, respectively. The EC and DTX groups include
patients who underwent DD chemotherapy every 2 weeks. ANC, absolute
neutrophil count; Hb, hemoglobin; Plt, platelets; LDH, lactate dehydroge-
nase; DD, dose-dense; EC, epirubicin (90 mg/m?) and cyclophosphamide
(600 mg/m?); DTX, docetaxel (75 mg/m?); TC, docetaxel (75 mg/m?) and
cyclophosphamide (700 mg/m?); nab-PTX, nab-paclitaxel (260 mg/m?).

comorbidities. Furthermore, 12 patients underwent sequential
anthracycline and taxane treatments with pegfilgrastim
in both regimens (Table SIII). The ANC changes in these
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patients are shown in Fig. 1A, and B shows the ANC changes
observed in all patients apart from the subject of this report
during each regimen (the subject of this case report is denoted
as patient 1 in Table SIIT). The median ANC count on day 1
of each cycle was 4,195/mm? (range, 1,400-9,300/mm?) across
the 55 patients prior to chemotherapy on day 1 of each cycle.
No patients other than the subject of this report developed
leukocytosis during chemotherapy.

Discussion

Pegfilgrastim-induced fatigue is known to occur in 10-20% of
patients (19,21,22), and can interfere with quality of life and
treatment adherence. The mechanisms of fatigue secondary to
pegfilgrastim are not fully understood; however, they appear
to involve bone marrow expansion, hyperstimulated produc-
tion of novel bone marrow cells, and augmented activity of
pre-existing bone marrow owing to the elevation of cytokine
levels and induction of leukocytosis (27-29).

Conversely, pegfilgrastim-induced hyperleukocytosis
is reported in <1% of the patients, but is not always associ-
ated with adverse clinical effects (30). Hyperleukocytosis
is defined as a peripheral leukocyte count of >100x10%/ul.
Rheingold and Lange previously reported that hyperleukocy-
tosis may cause death via central nervous system hemorrhage
or thrombosis, pulmonary leukostasis and metabolic imbal-
ances, particularly when accompanied by tumor lysis (31,32).

In this report, the proportion of patients who underwent
sequential anthracycline and taxane treatments with pegfil-
grastim was small. This was due to pegfilgrastim not being
administered with regimens such as triweekly DTX or weekly
paclitaxel (Table SIIT). Pegfilgrastim represents an important
supportive therapy for ensuring the continuation of the DD
schedule. ANC normally recovers to baseline values (day 1
of administration) if patients receive pegfilgrastim along
with chemotherapy (19,33). Kosaka et al reported changes in
ANC during the first cycle of chemotherapy for 177 Japanese
patients who received 3.6 mg pegfilgrastim on day 2.
ANC increased to a maximum of 11x10%/ul on day 11, and
decreased to <10x10*/ul by day 15 (20). As shown in Fig. 1,
none of the patients, apart from the subject of this case report,
developed leukocytosis during chemotherapy, regardless of
the treatment regimen. Furthermore, no major hematological
changes were observed in any of these patients. Supportive
treatment during chemotherapy was prescribed equally to
almost all patients. Other supportive treatments, such as oral
dexamethasone, only exerted a minor effect on leukocytosis
in our patient. Additionally, the severe fatigue observed in
our patient can be distinguished from chemotherapy-induced
fatigue by the presence of leukocytosis following pegfil-
grastim administration.

The cancer board considered application other granulocyte
colony-stimulating factors, such as filgrastim, as alternatives
to 3.6 mg pegfilgrastim. Our patient did not receive filgrastim,
since it requires daily administration until ANC recovery due
to its shorter biological half-life. The patient wanted to reduce
her frequency of hospital visits in order to care for her children.
In our patient, who weighed 67 kg, the original pegfilgrastim
dose of 3.6 mg was not considered excessive (19,20,34). A
phase I/II study demonstrated the safety and efficacy of
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30 pug/kg and 1.8 mg of pegfilgrastim treatment in Japan.
The appropriate pegfilgrastim dose for Japanese patients with
breast cancer was evaluated in a previous study comparing
doses of 1.8,3.6 and 6.0 mg (19). The primary end-point of that
study was the duration of severe (grade 4) neutropenia in the
first chemotherapy cycle, which correlated with the incidence
of FN. Masuda et al (19) demonstrated a dose-response rela-
tionship between pegfilgrastim dose and primary end-point;
a significant linear reduction was observed with a significant
plateau at 3.6 mg and non-significant reduction at 6.0 mg.
However, no statistically significant differences were observed
between the three arms regarding the frequency of adverse
hematological events or duration of severe neutropenia. Thus,
the dose reduction to 1.8 mg in our study preserved the patient's
neutrophil count.

Although there was no apparent dose-dependent induction
of adverse events, the biological half-life of pegfilgrastim was
not affected by the dose; therefore, pegfilgrastim dose in our
patient should have been switched from 3.6 to 1.8 mg before
the onset of leukocytosis.

Following administration of 1.8 mg pegfilgrastim, the
patient's ANC on day 1 of the second DD-DTX cycle was
13,090/mm?. However, after the omission of prophylactic use
of pegfilgrastim, the ANC was 297/mm® on day 14. Although
this indicates that the effect of 1.8 mg pegfilgrastim was not
sustained for more than 14 days, a limitation of this study
was that the nadir duration of 1.8 mg pegfilgrastim was not
measured during chemotherapy. Considering that the patient
did not experience FN during the cycle after 1.8 mg pegfil-
grastim injection, the effect of administering each cycle can
be expected. Indeed, an apparent ANC drop following admin-
istration of 1.8 mg was observed; therefore, continuous use of
1.8 mg pegfilgrastim during each cycle of chemotherapy may
have improved leukocytosis.

Younger patients (<30 years) respond strongly to 3.6 mg
pegfilgrastim. Adverse events associated with pegfilgrastim
may however affect the continuity of chemotherapy. A 1.8-mg
dose of pegfilgrastim was considered an option for palliating
fatigue and leukocytosis in this patient with high-risk breast
cancer receiving DD chemotherapy, with the aim of preventing
treatment interruption. For young patients (<30 years) with
aggressive disease, such as TNBC, dose reduction should be
avoided to maintain therapeutic effect. Conversely, treatment
with daily administration of granulocyte colony-stimulating
factor, may not be feasible for patients who cannot visit the
hospital frequently.

The limitation of the present study was that 1.8 mg
pegfilgrastim was only administered on a single occa-
sion during treatment; therefore, conclusions regarding its
regular use compared with 3.6 mg pegfilgrastim cannot be
made based solely on this case report. However, we believe
that the half-dose pegfilgrastim administration used in this
case may help with the completion of optimal-dose chemo-
therapy with reduced inoculation frequency of granulocyte
colony-stimulating factor in patients with fatigue and leuko-
cytosis.
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