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Abstract:

Objective Although modified FOLFIRINOX (mFOLFIRINOX, mFFX) is widely used for patients with ad-
vanced pancreatic ductal adenocarcinoma (PDAC), maintenance of the standard dose intensity is often diffi-
cult due to the high incidence of neutropenic events. Pegylated granulocyte colony-stimulating factor (G-
CSF) (Peg G) is a long-lasting G-CSF agent that is applicable for prophylaxis against neutropenic complica-
tions. The aim of this study was to assess the clinical safety and efficacy of mFFX combined with secondary
prophylaxis using Peg G in advanced PDAC patients.

Methods Advanced PDAC patients who had received more than two cycles of mFFX were analyzed. The
clinical safety and efficacy were compared between patients in the Peg G group and those in the non-Peg G
group in a retrospective manner.

Results Among 45 patients treated with mFFX, 28 exhibited grade 3-4 neutropenia or febrile neutropenia.
Among these 28 patients, 4 who received only 1 or 2 mFFX cycles were excluded from this study. Finally,
11 patients in the Peg G group and 13 in the non-Peg G group were enrolled. The combination therapy with
Peg G and mFFX markedly prolonged the progression-free survival compared with the non-Peg G group, and
its effects were associated with a reduced incidence of neutropenic events as well as lower rates of dosage re-
duction, delayed chemotherapy due to neutropenic events and altered blood cell counts after chemotherapy.
Conclusion The scheduled administration of secondary prophylactic Peg G prolonged the progression-free
survival in patients treated with mFFX. The combination therapy of Peg G and mFFX may be recommended
in patients who exhibit grade 3-4 neutropenic events after prior mFFX cycles.
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ficacy of FOLFIRINOX (FFX), a regimen consisting of leu-

Introduction covorin (I-LV), 5-fluorouracil (5-FU), irinotecan (CPT-11),

and oxaliplatin (L-OHP), was first reported in 2011 for

Pancreatic ductal adenocarcinoma (PDAC) has the worst advanced-staged PDAC patients in a phase III trial
survival rate among common cancers; the 3-year survival (ACCORD-11) (2). Although FFX exhibited survival advan-
rate of unresectable PDAC is approximately 3% (1). The ef- tages compared with gemcitabine, more adverse events oc-
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curred in the FFX group than in the gemcitabine group (2).
These adverse events included severe neutropenia [grade 3-4
according to the National Cancer Institute Common Termi-
nology Criteria for Adverse Events (CTCAE), version 4. (3)]
and febrile neutropenia (FN), both of which reduce the pa-
tients” quality of life. Indeed, grade 3-4 neutropenia and FN
occurred in 37.3-77.8% and 5.4-22.2% of cases, respec-
tively, in previous FFX trials in which patients did not re-
ceive prophylactic granulocyte colony-stimulating factor (G-
CSF) (2, 4, 5). Such a high incidence of hematotoxicity by
FFX prompted oncologists to develop a modified FFX regi-
men (mFFX) that lacks bolus 5-FU administration and has a
decreased CPT-11 dose to reduce neutropenia and
FN (6-10). It should be noted, however, that the incidences
of grade 3-4 neutropenia and FN were comparable between
mFFX and the original full-dose FFX trials in the absence
of primary prophylactic G-CSF (11, 12). Furthermore,
strong myelosuppressive effects, which often accompany the
mFFX regimen, require clinicians to reduce the dosage and/
or delay the administration of the next chemotherapy cy-
cle (4, 8, 12). Maintaining the dose intensity (DI) and che-
motherapy schedule is therefore important for maximizing
the therapeutic effects.

Pegylated G-CSF (Peg G) is G-CSF that is applicable for
prophylaxis against neutropenic complications. Peg G has a
longer half-life than non-pegylated (conventional) G-CSF
due to the conjugation of polyethylene glycol (13). Such
long-lasting effects of G-CSF on hematopoietic stem cells
have been shown to reduce the incidence of neutropenia and
FN in patients undergoing moderate- or high-dose myelo-
toxic chemotherapy (14-24). The American Society of Clini-
cal Oncology (ASCO) (25) and the European Organization
for Research and Treatment of Cancer (EORTC) guide-
lines (26) have recently recommended secondary prophy-
laxis with G-CSF in patients who exhibit neutropenic events
caused by prior cycles of chemotherapy or who require DI
maintenance. The purpose of chemotherapy combined with
prophylactic G-CSF is to prevent neutropenic events and to
ensure that chemotherapy is performed safely and on sched-
ule without dose reductions. In this regard, chemotherapy
combined with prophylactic Peg G may prolong the
progression-free survival (PFS) and overall survival (OS), as
the long-lasting effects of G-CSF by pegylation lead to sus-
tained numbers of functional hematopoietic cells. In fact, the
PFS in patients with hematological malignancies was im-
proved by prophylactic Peg G (27, 28). However, the clini-
cal safety and efficacy of secondary prophylactic Peg G for
mFFX in PDAC remain to be studied.

In this study, we retrospectively investigated the clinical
safety and efficacy of mFFX combined with secondary pro-
phylaxis with Peg G in PDAC patients. We explored
whether or not combination therapy with mFFX and Peg G
prolonged the PFS in PDAC patients who exhibited neutro-
penic events in previous mFFX cycles.

Materials and Methods

Patients

A total of 336 PDAC patients at Kindai University Hospi-
tal between January 2014 and July 2018 were identified by
medical records. Patients were enrolled if they met all of the
following criteria: 1) a pathological PDAC diagnosis; 2)
PDAC considered unresectable due to tumor progression;
and 3) received more than 2 mFFX cycles and exhibited
grade 3-4 neutropenia as defined by <1,000 neutrophils per
mm’ and/or FN. Patients were excluded if they met any of
the following criteria: 1) received full-dose FFX; 2) received
1 or 2 mFFX cycles and had a neutrophil count <2,000 per
mm’ before mFFX; or 3) had uridine diphosphate glucu-
ronosyltransferase (UGT) Al genetic polymorphisms (ho-
mozygous UGTIAI*28 or UGTIAI'6 or heterozygous UGT
1A1%6 or UGTIAI28) (29, 30).

This was a retrospective study, and ethical permission for
its performance was obtained from the Review Boards of
Kindai University Faculty of Medicine (Registration num-
ber: 29-141).

The mFOLFIRINOX regimen

Patients were treated with mFFX every 2 weeks as fol-
lows: L-OHP (85 mg/m’), I-LV (200 mg/m’) and CPT-11
(150 mg/m’) on day 1, and then 5-FU (2,400 mg/m’) on
days 1, 2, and 3. Prior to L-OHP administration, the 5-
hydroxytryptamine (HT) receptor antagonist dexamethasone
and a selective neurokinin 1 receptor antagonist were given
to all patients for nausea and vomiting. Patients received the
mFFX regimen repeatedly, and treatment was repeated un-
less serious toxicity was observed; discontinuation was de-
cided by the investigators.

Administering Peg G and dose reductions in the
mFOLFIRINOX-Peg G group

Peg G (3.6 mg) administration was initiated 24-72 hours
after the 5-FU infusion of the cycle following the observa-
tion of a grade 3-4 neutropenic event (neutropenia or FN) in
a previous mFFX cycle. Patients who received Peg G were
defined as the mFFX-Peg G group (Peg G group). Peg G
administration was left to the discretion of each physician
and was continued until the final mFFX cycle. Dose reduc-
tions of chemotherapeutic agents were performed when
grade 3-4 neutropenic events occurred despite Peg G ad-
ministration or when other adverse events, such as thrombo-
cytopenia, anemia, diarrhea, mucositis, hand and foot syn-
drome, elevated total bilirubin, or neuropathy, were ob-
served.

Dose reductions were carried out based on the modified
criteria of Conroy et al. (2) (Supplementary material). The
details of dose reductions and the criteria for reductions are
shown in the Supplementary material. In brief, dose reduc-
tions of chemotherapeutic agents were performed based on
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hematological and non-hematological toxicities. Toxicities
were assessed using the National Cancer Institute CTCAE,
version 4, as described previously (3). In cases of hemato-
logical toxicities, dose reductions were performed in accor-
dance with the criteria shown in Supplementary Tables 1
and 2. In cases of non-hematological toxicities, dose reduc-
tions were performed in accordance with the criteria shown
in Supplementary Table 3. Chemotherapy was delayed until
the recovery status met all of the following criteria: neutro-
phil count >1,500 per mm’, platelet count >75,000 per mm’,
total bilirubin <1.5 mg/dL, grade < 2 peripheral sensory
neuropathy, and grade < 2 diarrhea and watery stool.

Dose reductions in the mFOLFIRINOX-non-Peg G
group

In response to various adverse events, including neutro-
penic events, dose reductions of chemotherapeutic agents
were performed without secondary prophylactic Peg G; this
group was defined as the mFFX-non-Peg G group (non-Peg
G group). The application criteria of dose reductions and de-
lays were the same as for the Peg G group described above
(Supplementary Table 1-3).

The PFS and OS

To clarify the therapeutic effects of secondary prophylac-
tic Peg G in advanced PDAC patients treated with mFFX,
we compared the PFS and OS between the Peg G and non-
Peg G groups. The PFS was defined as the time from the
initiation of the third cycle to the earliest date of disease
progression or death. Cases were censored when tumors
were reduced in size enough to allow surgery. The OS was
defined as the time from the initiation of the third cycle to
death from any cause.

Proportion of adverse events

The incidence of adverse events, dose reductions, chemo-
therapy delays, and hospitalizations due to adverse events
were compared between the Peg G and non-Peg G groups.
The proportion of dose reductions was defined as the pro-
portion of patients who needed dose reductions after the
third mFFX cycle. The proportion of chemotherapy delays
was defined as the proportion of patients whose chemother-
apy could not be started on the prescribed start date after the
third cycle. The proportion of hospitalizations was defined
as the proportion of patients requiring hospital admission af-
ter the third cycle.

Calculating the relative dose intensity (RDI) for each
cycle

The RDI in each cycle was calculated as the ratio of the
actual DI in each cycle to the planned DI, as follows: RDI
in each cycle (%) = actual dose in each cycle (mg/m®) /
planned dose (mg/m’) x100 (%).

Changes in blood cell counts

Peripheral blood cell counts were compared with the ab-

solute blood cell counts on day 1 of each cycle. Numbers of
white blood cells (WBCs), neutrophils, monocytes, lympho-
cytes, basophils, eosinophils, and platelets were determined
as previously described (31).

Statistical analyses

Categorical variables were summarized as the number of
events and proportions (%), and p values are calculated us-
ing Fisher’s exact test. Continuous variables were summa-
rized as the means (+ standard error), and p values were cal-
culated using Wilcoxon’s rank sum test. Time-to-event vari-
ables (OS and PFS) were assessed using the Kaplan-Meier
method, and p values were calculated using the log-rank
test. All statistical analyses were performed using GraphPad
Prism v.5 software program (GraphPad Software, San Di-
ego, USA).

Results

Patient characteristics

The details of patient selection and clinical characteristics
of the enrolled cohort are shown in Fig. 1 and Table 1.
Grade 3-4 neutropenia or FN occurred in 28 of the 45
PDAC patients who received mFFX. Among these 28 pa-
tients, 12 received Peg G (Peg G group), and 16 did not
(non-Peg G group). One in the Peg G group and three in the
non-Peg G group received only one or two mFFX cycles
and were excluded from this study. Ultimately, 11 patients
in the Peg G group and 13 in the non-Peg G group were in-
cluded in the final analysis (Fig. 1).

The characteristics of the patients in the Peg G and non-
Peg G groups are shown in Table 1. The peripheral blood
neutrophil count before mFFX was significantly lower in the
Peg G group than in the non-Peg G group, but no signifi-
cant differences were found between the two groups regard-
ing age, sex, performance status, tumor location, tumor
stage, serum levels of carcinoembryonic antigen (CEA) and
CA19-9, or UGTIAI polymorphisms. The median number
of mFFX cycles was 8 (range: 4-36) in the Peg G group and
7 (range: 3-17) in the non-Peg G group. In the Peg G group,
11 and 4 patients exhibited grade 3-4 neutropenia and/or FN
in the first and second cycles, respectively. Peg G admini-
stration was initiated in the third cycle and continued to the
end of treatment in all cases in the Peg G group.

The PFS and OS after the third chemotherapy cycle

To assess the clinical efficacy of combined mFFX and
Peg G, we first estimated the PFS and OS after the third
chemotherapy cycle in the Peg G and non-Peg G groups. As
shown in Fig. 2A, the median PFS after the third chemo-
therapy cycle in the Peg G-group was 7.0 months, whereas
that of the non-Peg G group was 3.1 months. Thus, the
combination therapy markedly prolonged the PFS compared
with mFFX alone (p=0.02). mFFX was continued in four
Peg G patients after the observation period, and one Peg G
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Figure 1.

Study flow chart. Forty-five advanced pancreatic ductal adenocarcinoma (PDAC) pa-

tients received mFOLFIRINOX (mFFX), with 28 (62.2 %) exhibiting grade 3-4 neutropenia or febrile
neutropenia (FN). Twelve of these patients were treated with pegylated G-CSF (Peg G group), and 16
were not (non-Peg G group). One patient in the Peg G group and three in the non-Peg G group re-
ceived only one or two mFFX cycles and were excluded. Ultimately, 11 patients in the Peg G group
and 13 in the non-Peg G group were included in the final analysis.

patient underwent surgical resection after their eighth cycle
because of a massive reduction in their primary tumor.

In the Peg G group, the median OS was not reached after
the third chemotherapy cycle (survival rates at 6 and 12
months were 81.8% and 72.7%, respectively), and 7 patients
were still alive at the end of the observation period. Con-
versely, in the non-Peg G group, the median OS after the
third chemotherapy cycle was 10.0 months, and only 1 pa-
tient was still alive. As shown in Fig. 2B, the OS in the Peg
G group was better than that in the non-Peg G group, al-
though this difference was not statistically significant (p=
0.19).

Taken together, these results strongly suggest that combi-
nation therapy with mFFX and Peg G prolonged the PFS in
PDAC patients.

Adverse hematological events after the third chemo-
therapy cycle

We next compared incidences of adverse hematological
events, as hematotoxicity is a major adverse event of
mFFX (11, 12). As shown in Table 2, 11 cases (84.6%) of
neutropenic events, including 8 cases of grade 3-4 neutro-
penia and 3 cases of FN, were seen in the non-Peg G group
after the third chemotherapy cycle, while neutropenia was
only observed in 1 patient (9.1%) with no patients exhibit-
ing grade 3-4 neutropenia or FN in the Peg G group. Thus,
the incidence of neutropenic events was much lower in the
Peg G group than in the non-Peg G group (0% vs. 61.5%;
p<0.01).

The incidence of grade 3-4 thrombocytopenia was compa-
rable between the Peg G and non-Peg G groups. Severe ane-
mia (grade 3-4) was not observed after the third chemother-

apy cycle in either group. Thus, scheduled Peg G admini-
stration prevented the development of mFFX-induced neu-
tropenia and FN.

Non-hematological adverse events after the third
chemotherapy cycle

Non-hematological adverse events after the third mFFX
cycle are listed in Table 2. Anorexia, fatigue, nausea, diar-
rhea, and neuropathy were observed in approximately 40-
70% of cases in both groups. There was no significant dif-
ference in the incidence of non-hematological adverse events
between the two groups. No side effects related to Peg G
were observed in the 11 patients in the Peg G group in this
study.

Dose reductions, chemotherapy delays, and hospi-
talizations after the third chemotherapy cycle

The numbers and percentages of patients who required
dose reductions, chemotherapy delays, and hospitalizations
after the third chemotherapy cycle are shown in Table 3.
Four patients (36.3%) in the Peg G group required dose re-
ductions: 2 because of thrombocytopenia and 2 because of
neuropathy. Chemotherapy was delayed in three of these
four patients (for the same reasons). Eight patients (61.5%)
in the non-Peg G group required dose reductions and che-
motherapy delays because of neutropenic events: 6 because
of neutropenia and 2 because of FN. Thus, the incidences of
dose reductions and chemotherapy delays were lower in the
Peg G group than in the non-Peg G group, probably because
scheduled Peg G administration effectively prevented neutro-
penia and FN development. Of note, the incidence of dose
reductions and chemotherapy delays due to neutropenic
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Table 1. Patient Characteristics.
Peg G group (n=11)  Non-Peg G group (n=13) p value
Sex, n (%)
Male 8(72.7) 11 (84.6) 0.83
Female 3(27.2) 2(15.4)
Age, years
Median (range) 66 (53-74) 64 (52-70) 0.26
ECOG performance status, n (%)
0 7 (63.6) 9 (69.2) 0.88
1 4(36.3) 4(30.8)
Tumor location, n (%)
Head 3(27.2) 4(30.8) 0.94
Body 3(27.2) 3(23.1)
Tail 2(18.2) 1(7.7)
Resected 3(27.2) 5(38.5)
Body surface area
Median (range) 1.58 (1.21-1.91) 1.73 (1.51-2.0) 0.14
UICC stage, n (%)
IIT (Locally advanced) 3(27.2) 1(7.7) 0.46
IV (Metastatic) 8(72.7) 12 (92.3)
Metastatic sites, n (%)
No metastasis 3(27.2) 1(7.7) 0.17
Liver 6 (54.5) 5(38.5)
Other site 2(18.2) 7 (53.8)
Baseline neutrophil count
Median (range) 2,543 (2,790-10,400) 3,884 (1,577-8,484) 0.31
CEA at start of FOLFIRINOX
Median (range) 3.3 (1.2-226) 4.2 (1.6-37.2) 0.29
CA19-9 at start of FOLFIRINOX
Median (range) 63 (4-83,895) 458 (9-50,081) 0.38
UGTIAI (*6 /*28),n (%)
Wild-type/wild-type 5(45.5) 6 (46.2) 1.00
Wild-type/heterozygous 4(36.3) 5(38.5)
Heterozygous/wild-type 2(18.2) 2(15.4)
mFOLFIRINOX cycles
Median (range) 9 (4-27) 7 (3-16) 0.11
Chemotherapy, n (%)
First line 3(27.2) 5(38.5) 0.86
Second line 6 (54.5) 7(53.8)
Third line 2 (18.1) 1(7.7)

events was significantly different between the two groups.
One patient (9.1%) in the Peg G group required hospitali-
zation because of hyperglycemia, whereas 5 (38.5%) in the
non-Peg G group required hospitalization. The reasons for
hospitalization in the non-Peg G group included FN (two
cases), cholangitis without a neutropenic event (one case),
small bowel obstruction due to tumor invasion (one case),
and cerebral infarction (one case). Collectively, these data
suggest that combination therapy of mFFX and Peg G re-
duced the incidences of dose reductions, chemotherapy de-
lays, and hospitalizations by preventing neutropenic events.

RDI of chemotherapeutic agents

We next compared the RDI in each cycle between the Peg
G and non-Peg G groups. As shown in Fig. 3, no significant
difference was seen in the RDI of L-OHP, I-LV, or 5-FU be-

tween these two groups throughout the observation period.
In contrast, the RDI of CPT-11 was significantly higher in
the Peg G group than in the non-Peg G group at the 6th-9th
chemotherapy cycles. These RDI data suggest that the pro-
longed PFS of PDAC patients treated with both mFFX and
Peg G was associated with a higher CPT-11 RDIL.

Altered blood cell counts after chemotherapy

As scheduled Peg G administration markedly reduced
neutropenic events and maintained the CPT-11 RDI, we next
determined the effects of Peg G on the numbers of periph-
eral blood hematopoietic cells. As shown in Fig. 4A and B,
the numbers of WBCs and neutrophils were significantly
higher in the Peg G group than in the non-Peg G group
throughout the observation period. Interestingly, the numbers
of monocytes were also significantly higher in the Peg G
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Figure 2. Kaplan-Meier curves of the progression-free survival and overall survival after the third
chemotherapy cycle. The progression-free survival (PFS, A) and overall survival (OS, B) in pancre-
atic ductal adenocarcinoma patients treated with (Peg G group) or without (non-Peg G group) pe-
gylated G-CSF (Peg G). The PFS in the Peg G group was significantly longer than in the non-Peg G

group; *p<0.05.

Table 2. Hematological and Non-hematological Adverse Events after the Third Che-

motherapy Cycle.

Peg G group (n=11) Non-Peg G group (n=13) p value

All grades  Grade 3-4  All grades  Grade 3-4  Grade 3-4

Hematological event

Neutropenia 1(9.1) 00 11 (84.6) 8 (61.5) <0.01
Febrile neutropenia 0(0) 0 (0) 3(23.1) 3(23.1) 0.28
Thrombocytopenia 4(36.3) 2(18.2) 5(38.5) 00 0.39
Anemia 2(18.2) 0(0) 1(7.7) 0(0) NA
Non-hematological event
Anorexia 7(63.4) 0(0) 10 (76.9) 0(0) NA
Fatigue 8 (72.7) 1(9.1) 7 (53.8) 2(15.4) 0.93
Nausea 4 (36.3) 19.1) 6 (46.2) 19.1) 0.54
Vomiting 0 (0) 0(0) 0(0) 0(0) NA
Diarrhea 6 (54.5) 2(18.2) 6 (46.2) 3(23.1) 0.83
Mucositis 19.1) 0(0) 3(23.1) 0(0) NA
Neuropathy 5(54.5) 2(18.2) 6 (46.2) 2(15.4) 0.71
Hyperglycemia 19.1) 1(9.1) 0(0) 0(0) 0.89

Table 3. Dose Reductions, Chemotherapy Delays and Hospitalizations after the Third Chemothera-

py Cycle.

Peg G group (n=11) Non-Peg G group (n=13)  p value

Dose reductions for any reason

Dose reductions because of neutropenic events*
Dose delays for any reason

Dose delays because of neutropenic events*
Hospitalizations for any reason

Hospitalizations for neutropenic events*

4(36.3) 8 (61.5) 0.41
0(0) 8 (61.5) <0.01
3(27.2) 8 (61.5) 0.20
0(0) 8 (61.5) <0.01
19.1) 5(38.5) 0.24
0 (0) 2(15.4) 0.54

*Neutropenia and febrile neutropenia

group than in the non-Peg G group throughout the observa-
tion period (Fig. 4C). In contrast, no significant differences
were seen in the numbers of lymphocytes, basophils, eosino-
phils, or platelets between the two groups (Fig. 4D-G).

Thus, scheduled Peg G administration sustained the numbers
of peripheral blood neutrophils and monocytes but not lym-
phocytes. Together, these data suggest that the sustained
numbers of peripheral blood neutrophils and monocytes in-
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Figure 3. Changes in the relative dose intensity at each mFOLFIRINOX cycle. The relative dose
intensities (RDIs) of the four chemotherapeutic agents of mFFX were determined at each chemo-
therapy cycle. The RDIs for leucovorin (I-LV), 5-fluorouracil (5-FU), irinotecan (CPT-11), and oxali-
platin (L-OHP) are shown. Results are shown as the mean + standard error; *p<0.05.

duced by Peg G are associated with a prolonged PFS in
PDAC patients treated with mFFX due to maintenance of
the high RDI of CPT-11.

Discussion

In this study, we showed that scheduled secondary pro-
phylactic Peg G administration prolonged the PES in ad-
vanced PDAC patients treated with mFFX. The prolonged
PFS due to scheduled Peg G administration was accompa-
nied by sustained numbers of peripheral blood neutrophils
and monocytes, which might prevent neutropenic events as
well as allow for a high RDI of CPT-11, a key component
of the mFFX regimen.

Short-half-life G-CSF (non-pegylated) is widely used as a
supportive therapy for recovery from neutropenia and FN in
cancer patients receiving moderate- or high-dose myelotoxic
agents (15, 32). The clinical guidelines from the ASCO and
EORTC recommend primary prophylaxis with G-CSF when
a patient’s overall FN risk is greater than 20%. In addition
to primary prophylaxis, secondary prophylaxis with G-CSF
is recommended when patients experience neutropenic
events from prior chemotherapy cycles and require high-
level RDIs to obtain maximal therapeutic effects from che-
motherapy (25, 26). It is generally established that maximal
therapeutic effects of chemotherapy can be obtained by pre-

venting adverse effects, such as neutropenia and FN, as well
as by maintaining high RDIs. The scheduled secondary ad-
ministration of prophylactic Peg G may be attractive for pre-
venting neutropenic events, as this treatment leads to sus-
tained numbers of peripheral blood neutrophils through the
long-lasting effects of G-CSF (13). Indeed, scheduled Peg G
administration prolonged the PFS in patients with hemato-
logical malignancies (27, 28). Although the mFFX regimen
is widely used because of its efficacy in PDAC patients,
dose reductions and/or chemotherapy delays are often re-
quired due to the high incidence of adverse events, espe-
cially neutropenia and FN. In this study, we tried to retro-
spectively determine the clinical safety and efficacy of
scheduled secondary prophylactic Peg G administration in
PDAC patients who received mFFX. Surprisingly, we found
that scheduled Peg G administration markedly reduced the
incidences of neutropenic events associated with mFFX due
to the sustained numbers of peripheral blood neutrophils and
ultimately prolonged the PFS (Table 2 and Fig. 2A). Previ-
ous reports have shown that repeated Peg G administration
caused severe adverse events specific to Peg G, such as
spontaneous splenic  rupture (33),
pain (34-38), and interstitial pneumonia. These severe ad-
verse effects were not observed in the Peg G group in this
study.

To our knowledge, this is the first report to show the
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Figure 4. Changes in peripheral blood hematopoietic cells at each mFOLFIRINOX cycle. Numbers
of peripheral blood white blood cells (WBCs), neutrophils, monocytes, lymphocytes, basophils, eo-

sinophils, and platelets are shown. Results are shown as the mean + standard error; *p<0.05.

clinical advantages of scheduled Peg G administration in
mFFX-treated PDAC patients. The OS was also longer in
the Peg G group than in the non-Peg G group, although this
was not statistically significant. However, it should be noted
that a significant number of patients in the Peg G group
continued mFFX after the observation period, whereas most
of the patients in the non-Peg G group died. Therefore, it
may be too early to determine the OS in this study. Whether
or not scheduled Peg G administration prolongs not only the
PFS but also the OS will be explored in our ongoing, large-
scale prospective study.

Achieving the planned RDI is important for obtaining the
maximum therapeutic effects of chemotherapy (39). In fact,
a high chemotherapy RDI has been shown to be associated
with improved clinical outcomes in a few previous re-
ports (40, 41). Consistent with this idea, the RDI of a key
mFFX component, CPT-11, showed higher trends in the Peg
G group than in the non-Peg G group (Fig. 3). In contrast,
the RDIs of the other three components-L-OHP, I-LV, and 5-
FU-were comparable between the two groups. The higher
CPT-11 RDI may be explained by the fact that dose reduc-
tions of CPT-11 are required upon encountering neutropenia
and FN (Supplementary Table 2). Therefore, it is likely that
preventing neutropenia and FN through scheduled Peg G ad-
ministration resulted in a prolonged PFS for PDAC patients

partially through the achievement of a higher CPT-11 RDI.

As expected, scheduled Peg G administration induced an
expansion of peripheral blood neutrophils throughout the ob-
servation period. Our extensive analysis regarding changes
in the peripheral blood immune cell subpopulations revealed
that scheduled Peg G administration led to expansions of
neutrophils and monocytes but not lymphocytes, basophils,
or eosinophils (Fig. 4). Thus, sustained numbers of periph-
eral blood neutrophils and monocytes are a characteristic al-
teration of peripheral blood immune cells associated with
scheduled Peg G administration. It is without a doubt that
the Peg G-mediated expansion of neutrophils contributed to
the clinical advantage and maintenance of high RDIs in this
study. However, whether or not the prolonged PES observed
in this study can be solely attributed to the ability to main-
tain high-level RDIs is unclear.

In this regard, the Peg G-induced expansion of peripheral
blood neutrophils and monocytes prompted us to speculate
that long-lasting G-CSF might promote the differentiation of
myeloid cells with potent antitumor immunity. Tumor-
infiltrating myeloid-derived suppressor cells (MDSCs) and
tumor-associated macrophages (TAMs), both of which are
characterized by the capacity to suppress T and natural killer
(NK) cell cancer immune surveillance, promote cancer pro-
gression (42, 43). In fact, MDSCs and TAMs are key play-
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ers in the pancreatic cancer microenvironment that support
tumor progression and dissemination (44, 45). Monocytes
are immature myeloid cells that can differentiate into macro-
phages and dendritic cells (46, 47). Cytokines and chemoki-
nes released into the cancer microenvironment regulate the
differentiation of monocytes into M1 macrophages and M2
macrophages, with tumor-suppressive and tumor-promoting
activities, respectively (42-47). Given the fact that scheduled
Peg G administration led to an expansion of not only neu-
trophils but also monocytes, it would be interesting to see
which types of macrophages (M1 vs. M2) accumulated in
the tumors of PDAC patients treated with mFFX and Peg G.

Two concerns need to be addressed before the scheduled
administration of secondary prophylactic Peg G is applied to
PDAC patients treated with mFFX. First, the cost of re-
peated Peg G administration cannot be ignored, as it is an
expensive agent. For this reason, Peg G application as pri-
mary prophylaxis may not be feasible for all patients receiv-
ing mFFX. Second, patients are usually required to revisit
the hospital for Peg G administration. To overcome this is-
sue, Peg G has been administered on the same day as che-
motherapy in some clinical trials, which resulted in a higher
incidence of FN than with administration a few days after
completing chemotherapy (48, 49).

Despite the careful and intense analysis performed in this
study, some limitations bear mentioning, and we need to be
cautious regarding the interpretation of the results in this
study. First, this was a non-randomized, retrospective study.
Second, the sample size was relatively small. Therefore, a
prospective study with a larger number of patients is re-
quired to verify that the scheduled administration of secon-
dary prophylactic Peg G prolongs the PFS in mFFX-treated
PDAC patients. Third, the administration of Peg G depended
on each physician’s decision in this study. There might
therefore have been some degree of selection bias for the
patients. Whether or not mFFX combined with Peg G pro-
longs the PFS and/or OS in patients with advanced PDAC
should be explored in prospective studies enrolling a large
number of patients.

In conclusion, the scheduled administration of secondary
prophylactic Peg G prolonged the PFS in PDAC patients
treated with the mFFX regimen by preventing dose reduc-
tions and chemotherapy delays. The RDI of a key mFFX
component, CPT-11, was maintained at high levels due to
the sustained numbers of neutrophils in PDAC patients who
received scheduled Peg G administration. The scheduled ad-
ministration of secondary prophylactic Peg G may be rec-
ommended for PDAC patients who exhibit grade 3-4 neutro-
penic events after previous mFFX cycles.
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