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Abstract Background and Objectives: There are limited data on the requirement and duration
of white blood cell (WBC) growth factor (GF) administration in patients receiving
biweekly docetaxel, oxaliplatin, leucovorin, 5 Fluorouracil (mFLOT) or modified FOLFIR-
INOX (oxaliplatin, irinotecan, leucovorin, 5 Fluorouracil (mFOLFIRINOX) regimens.
Methods: The data of 749 patients with pancreatic, gastric, and colorectal adeno-
carcinomas treated with mFOLFIRINOX or mFLOT for at least three cycles between
January 2018 and December 2022 were retrieved.
Results: Of the 749 patients, 387 (52%) received mFLOT, while 362 (48%) received
mFOLFIRINOX. Increased use of GF was seen in patients with diabetes mellitus (70 vs.
53%; p< 0.001), prior chemotherapy (82 vs. 49%; p<0.001), prior pelvic radiotherapy
(89 vs. 54%; p<0.001), prior surgery (70 vs. 49%; p< 0.001), and stage I to III cancers as
opposed to stage IV cancers (61 vs. 48%; p¼ 0.006). The use of GF resulted in a
statistically lesser incidence of all-grades neutropenia (2.6 vs. 18.4%; p< 0.001), grade
3/4 neutropenia (1.2 vs. 12.5%; p<0.001), and the primary endpoint of febrile
neutropenia (FN; 1.2 vs. 6.1%; p¼0.001). There were no differences in the incidence
of all grades of neutropenia (3.7 vs. 1.9%; p¼0.527), grade 3/4 neutropenia, and the
primary endpoint of FN (1.2 vs. 1.1%; p¼0.079) in patients receiving single-day versus
multiday GF, respectively.
Interpretation and Conclusion: The use of GF reduces the rates of FN by approxi-
mately 80% in patients receiving mFLOT and mFOLFIRINOX, although incidences of FN
are low with these regimens. The incidence of febrile neutropenia was similar with
single-dose versus multiday GF in efficacy when administered with mFLOT and
mFOLFIRINOX chemotherapy.
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Introduction

White blood cell (WBC) growth factors like granulocyte colony-
stimulating factor (G-CSF), granulocyte-macrophage colony-
stimulating factor (GM-CSF), and Peg filgrastim (peg-GCSF)
have been used as primary and secondary prophylaxis in
patients being treated with myelosuppressive chemotherapy.1

Recommendations for primary prophylaxis (G-CSF to be con-
sidered in dose-dense regimens as well as in those regimens
where expected febrile neutropenia [FN] rates are �20%)
and secondary prophylaxis (G-CSF recommended for patients
with solid tumorswhoexperienced aneutropenic complication
from a prior cycle of chemotherapy without the use of G-CSF)
are reasonably established, with enough leeway given for
patients with special situations (e.g., age �65 years, multiple
comorbidities, expected prolonged neutropenia, etc.).2,3

While the initial recommendations for the use of WBC
growth factors as primary prophylaxis came from two trials
evaluating docetaxel in metastatic breast cancer and the
cyclophosphamide-doxorubicin-etoposide regimen in non-
small-cell lung cancer, a number of chemotherapeutic regi-
mens do not have firm recommendations to support or avoid
the use of growth factors.4,5 Two such commonly used multi-
drug regimens are the FLOT and FOLFIRINOX regimens, which
are used in gastric cancers, and pancreatic and colorectal
cancers. The rates of grade 3/4 neutropenia and febrile neu-
tropeniawith FOLFIRINOXwere 45.4 and 5.4%, respectively, in
phase 3 UNICANCER – PRODIGE (Unicancer Gastrointestinal
Group and Partenariat de Recherche en Oncologie Digestive)
trial and 51 and 2%, respectively, with the FLOT regimen in
phase III FLOT4 – Arbeitsgemeinschaft Internistische Onkolo-
gie (AIO) trial.6,7 Both regimens are considered relatively
myelosuppressive and toxic, although the seminal trials did
not mandate the use of growth factors in the study. Addition-
ally, whether single-day or multiday use of WBC growth
factors is required is also unclear. Considering their common
usage, it is instructive to evaluate the use of WBC growth
factors in patients receiving these regimens aswell as evaluate
the incidenceofneutropeniaandresulting febrileneutropenia,
with or without the use of growth factors in a large cohort.

Materials and Methods

Patient Selection
The current study is conducted after the institutional review
board (IRB) approval (Institutional Ethics Committee, Tata
Memorial Centre, Mumbai) of three projects evaluating out-
comes of patients with colorectal cancer, gastric adenocarci-
nomas, andpancreatic adenocarcinomas (IEC/900711and IEC/
900655). The study was conducted according to the ethical
standards laid down by the 1964 declaration of Helsinki. Since
the study was a retrospective study, the ethics committee
granted consent waiver. The data of consecutive patients
receiving either mFLOT or mFOLFIRINOX regimen were re-
trieved from a prospectively maintained GI Medical Oncology
database and electronic medical records. Patients treated
between January 1, 2019 and December 31, 2022 were con-
sidered for the study. Patients selected for entry into the study

satisfied the criteria of having histologically proven colorectal,
pancreatic, or gastric adenocarcinoma; received either mFLOT
(docetaxel [50mg/m2 D1], oxaliplatin [85mg/m2 D1], leuco-
vorin [200mg/m2 D1], and 5-fluorouracil [2,400mg/m2 D1
and D2 continuous intravenous infusion over 46hours every 2
weeks) or mFOLFIRINOX (oxaliplatin 65mg/m2 intravenous
[IV] over 2hours, irinotecan 135mg/m2 IV over 90minutes,
leucovorin 300mg/m2 IV over 2hours, and 5-FU 1,800mg/m2

IV over 46hours of continuous infusion every 2 weeks);
received at least the first three cycles of chemotherapy at
TataMemorialHospital; documented receipt ofgrowth factors
including duration (single day or multiple days) and type of
growth factors (G-CSF or peg-GCSF) or not; and data for the
presence or absence of grade 3/4 neutropenia and febrile
neutropenia. The outcomes and toxicity patterns with the
mFLOT and mFOLFIRINOX regimens used in the study have
beenpreviously published and are considered standard of care
in our institution.8,9 While the initial dose of mFOLFIRINOX
was used as mentioned above in all patients, initial dose
reductions at baseline were allowed for mFLOT based on
treating physician assessment and were carried out during
the course of chemotherapy based on British Columbia Cancer
chemotherapy guidelines modifications.

Data Collection and Statistical Analysis
Baseline demographic and clinical variables, including inci-
dence and grade of neutropenia, febrile neutropenia, and
other toxicities during chemotherapy, were collected retro-
spectively from the database and entered in SPSS software
version 25. Descriptive statistics were used to compute these
variables. The primary endpoints of the study were twofold:
comparison of the febrile neutropenia post first cycle of
chemotherapy in patients receiving WBC growth factors
and no growth factors, and comparison of febrile neutrope-
nia rates post first cycle of chemotherapy in patients receiv-
ing single-day or multiday WBC growth factors (peg-GCSF
was considered as multiday growth factor for the purpose of
analysis). Secondary endpoints included a comparison of
neutropenia rates, non-neutropenic fever rates, and admis-
sion rates during the first cycle of chemotherapy; and inci-
dence of neutropenia, febrile neutropenia, non-neutropenic
fever rates, and admission rates during further chemothera-
py. The primary analysis was on an intent-to-treat basis and
the incidence of febrile neutropenia was compared using the
log-rank test. A stratified Cox proportional hazards regres-
sion model was used to evaluate the association of pretreat-
ment clinical variables with endpoints. Statistical analyses
were performed using SPSS 21.0 software forWindows (SPSS
Inc., Chicago, IL, United States).

Results

Baseline Characteristics and Incidences of
Neutropenia and Related Complications
A total of 749 patients were available for analysis, with 388
patients (52%) receiving mFLOT and 361 patients (48%)
receiving mFOLFIRINOX regimens. A detailed description is
provided in ►Table 1.
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Of the 749 patients receiving chemotherapy, 71 patients (9%)
hadallgradesofneutropenia,while46of thosepatients (6%)had
grade 3 or 4 neutropenia. Twenty-five patients (3%) had febrile
neutropenia, 90 patients (12%) had non-neutropenic fever, and
there was 1 death (<1%) due to neutropenic complications.
Seventeen patients (2%) required a delay in starting the next
cycle of chemotherapy due to complications in the first cycle of
chemotherapy. A further 72 patients (10%) were administered
growth factors in later cycles due to complications in cycle 1 of
chemotherapy. A detailed description is given in ►Table 2.

Factors Associated with Growth Factor Use
The presence of diabetes mellitus (70 vs. 53%; p<0.001),
receipt of prior chemotherapy (82 vs. 49%; p<0.001), prior
surgery (70 vs. 49%; p<0.001), prior pelvic radiotherapy (89
vs. 52%; p<0.001), and stage I to III versus stage IV disease
(61 vs. 48%; p¼0.006) were associated with increased
growth factor use. Increased age, gender, presence of hyper-
tension, and dose reductions at baseline were not associated
with increased growth factor use (table 3).

Correlation Between Growth Factor Use and
Neutropenia and Neutropenia-Related Complications
The use of growth factors resulted in a decreased incidence of
all grades of neutropenia (2.6 vs. 18.4%; p<0.001), grade 3
and 4 neutropenia (1.2 vs. 12.5%; p<0.001), febrile neutro-
penia (1.2% vs. 6.1%; p¼0.001), and non-neutropenic fever
(8.7 vs. 16.2%; p¼0.002), but there was no difference in

Table 1 Baseline characteristics

Variable Number (%)

Median age, y (range)
• Age �60

53 (17–81)
235 (31)

Male gender 477 (64)

Comorbidities

• Hypertension
• Diabetes mellitus
• Cardiac dysfunction

141 (19)
171 (23)
21 (3)

Prior cancer directed therapy

• Chemotherapy
• Curative intent resection
• Radiotherapy

173 (23)
252 (34)
84 (11)

Disease stage

• 1–3
• 4

480 (64)
269 (36)

Primary site of tumor

• Stomach
• Pancreas
• Colorectal

387 (52)
244 (33)
118 (16)

Drug regimen

• Modified FOLFIRINOX
• Modified FLOT

362 (48)
387 (52)

Drug dosing

• Full dose
• Reduced dose

635 (85)
114 (15)

Receipt of growth factors

• None
• Single-day G-CSF
• Multiday G-CSF
• Peg-GCSF

326 (44)
162 (22)
164 (22)
97 (13)

Abbreviations: G-CSF, granulocyte colony-stimulating factor; Peg-GCSF,
Peg filgrastim granulocyte colony-stimulating factor|

Table 2 Neutropenic complication rates and effects on further
chemotherapy

Variable Number (%)

Neutropenic complication rates during the first cycle of
chemotherapy

Neutropenia

• Nil
• Grades 1 and 2
• Grade 3
• Grade 4

678 (91)
25 (3)
35 (5)
11 (2)

Febrile neutropenia

• Nil
• Grade 3
• Grade 4

724 (97)
17 (3)
8 (1)

Non-neutropenic fever 90 (12)

Blood culture positivity 2 (0.3)

Admissions for febrile neutropenia 13 (2)

Death due to neutropenia related
complications

1 (<1)

Thrombocytopenia

• Nil
• Grades 1 and 2
• Grades 3 and 4

680 (91)
61 (8)
8 (1)

Neutropenic complication rates during further
chemotherapy

Delay in initiation of next cycle of chemotherapy

• Nil
• �1 wk
• >1 wk

732 (98)
10 (1)
7 (1)

Dose modifications in further
chemotherapy

10 (1)

Increased use of G-CSF in further
chemotherapy

72 (10)

Neutropenia

• Nil
• Grades 1 and 2
• Grade 3
• Grade 4

743 (99)
4 (1)
1 (<1)
1 (<1)

Febrile neutropenia

• Nil
• Grade 3
• Grade 4

746 (100)
1 (<1)
1 (<1)

Non-neutropenic fever 136 (18)

Admissions for febrile neutropenia 1 (<1)
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admission rates for neutropenic complications (1.2 vs. 2.7%;
p¼0.156). With regard to further chemotherapy, the inci-
dence of dose modifications in further cycles of chemother-
apy (1.4 vs. 1.2%; p¼0.821) and delays in initiation of
chemotherapy (1.7 vs 3.1%; p¼0.198) were not statistically
different in patients receiving growth factors or not receiving
the same. There were no statistical differences in the inci-
dence of all-grades thrombocytopenia (9.8 vs. 8.7%; p¼0.38)
as well as grade 3/4 thrombocytopenia (1.4% vs. 0.6%;
p¼0.27) in patients receiving growth factors or not.

On comparing patients who received single-day (n¼162)
versus multiday growth factor (n¼261), there were no
differences in all grades of neutropenia (3.7 vs. 1.9%;
p¼0.527), febrile neutropenia (1.2 vs. 1.1%; p¼0.079),
non-neutropenic fever (9.2 vs. 8.4%; p¼0.769), and admis-
sions due to neutropenic complications (1.9 vs. 0.7%;
p¼0.307). Therewere no differences in the duration of delay
for further chemotherapy (1.2 vs. 1.9%; p¼0.593), the
requirement of dose modifications during the next cycles
of chemotherapy (1.2 vs. 1.5%; p¼0.801), or increased use of
growth factors during the next cycle of chemotherapy (3 vs.
5%; p¼0.348). Additionally, during further chemotherapy,

there were no statistical differences in the incidence of all-
grades neutropenia (<1 vs. 0%; p¼0.204), febrile neutrope-
nia (<1 vs. 0%; p¼0.204), and non-neutropenic fever (17.9
vs. 20.3%; p¼0.796) between patients who received single-
day or multiday WBC growth factor during the first cycle of
chemotherapy.

Discussion

The current study examines the use of growth factors in
patients receiving mFOLFIRINOX and mFLOT in various gas-
trointestinal cancers and suggests that the use of growth
factors reduces the incidences of neutropenia and neutrope-
nia-related complication rates in the first cycle of chemo-
therapy, but had limited effects on neutropenia-related
parameters during further doses of chemotherapy. It also
suggests that there were no statistical differences in neutro-
penia and neutropenia-related complications between
patients receiving single-day growth factors and those
receiving multi-day growth factors for these regimens.

The American Society of Clinical Oncology (ASCO) clinical
oncology practice guideline update in 2015 with regard to
the use of WBC growth factors is based primarily on studies
conducted primarily in hematological malignancies and
breast cancer patients, with some evidence from lung can-
cers as well. The multidrug regimens evaluated in this study,
mFOLFIRINOX and mFLOT, were uncommonly used at the
time of the initial 2006 ASCOupdatewith increasing use only
from 2011 onward. Additionally, pancreatic cancers and
gastric cancers, which comprise the majority of patients
using these regimens, commonly present in the seventh
decade. Finally, while the regimens may not be technically
considered dose dense (as they do not have well-established
3-weekly dosing counterparts for comparison) in terms of
duration, both regimens are biweekly and use multiple
myelosuppressive drugs with the potential for significant
neutropenia and related complications. It is likely in view of
the above-mentioned ambiguity with respect to these regi-
mens and the factor of advanced age that the trials evaluating
FOLFIRINOX in advanced pancreatic cancers and FLOT in
resectable gastric cancers allowed the primary use of WBC
growth factors without making it necessary.6,7

The increased use of WBC growth factors in diabetic
patients, patients with prior history of surgery and pelvic
radiotherapy, and patients with prior chemotherapy is keep-
ing in consonance with the use of these factors as per
published data and guidelines.10,11 Interestingly, there was
increased use of growth factors in patients with stage I to III
as opposed to stage IV cancer. This is likely a reflection of
attempting to reduce delays in curative intent chemotherapy
as opposed to reduced use in patients being treated with
palliative intent therapy.

The incidence of neutropenia in the current study was
markedly lower than that seen in the seminal studies, and
this is likely due to a number of reasons—modified (reduced)
doses of both regimens used, a significant proportion of
patients receiving prophylactic WBC growth factors, and a
lesser frequency of blood panel monitoring in clinical

Table 3 Univariate and multivariate Cox proportional hazards
regression analysis of baseline variables and growth factor use

Variable Use of growth factors (%) p-value

Age (y)

• �60
• <60

132/235 (56)
291/514 (57)

0.909

Sex

• Female
• Male

142/272 (52)
281/477 (59)

0.075

Diabetes mellitus

• Yes
• No

119/171(70)
304/578 (53)

<0.001

Hypertension

• Yes
• No

89/141 (63)
334/608 (55)

0.077

Prior chemotherapy

• Yes
• No

141/173 (82)
282/576 (49)

<0.001

Prior surgery

• Yes
• No

177/252 (70)
245/496 (49)

<0.001

Prior pelvic RT

• Yes
• No

75/84 (89)
348/665 (52)

<0.001

Stage

• I–III
• IV

293/480 (61)
130/269 (48)

0.006

Baseline dose

• Reduced dose
• Full dose

68/115 (59)
355/634 (56)

0.532
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practice as opposed to that in clinical trials. Within the
confines of these differences, we can still draw certain
conclusions from this study. Primarily, as expected, inciden-
ces of all-grades neutropenia, febrile neutropenia, and non-
neutropenic fever were decreased with the use of WBC
growth factors, and this was statistically significant. While
the incidences of FN without WBC growth factors do not
reach the 20% cutoff as per the ASCO guidelines, the greater
than 80% reduction (from 6.1 to 1.2%) is a clinically relevant
endpoint that is worth considering for clinical practice. In
high-risk patients (such as thosewith prior diabetesmellitus,
pelvic radiotherapy, surgery, etc.), the incidence of FN will
likely be higher without WBC growth factors and such
patients should be considered for WBC growth factors
when mFOLFIRINOX or mFLOT is used. The current study
cannot identify these factors as high risk for FN as a large
proportion of patients with such pretreatment variables
already receivedWBC growth factors. A number of outcomes
with relation to further chemotherapy (dose modifications,
delays in chemotherapy, etc.) were not influenced by the use
of primary prophylaxis with WBC growth factors possibly
due to the small number of events in the study as well as the
known equipoise with regard to the effect of WBC growth
factors on further chemotherapy.

While the duration of WBC growth factors to be adminis-
tered for primary prophylaxis is based on the recovery of
neutrophil counts through the nadir period in clinical trials,
daily visits and repeated blood work for the same in clinical
practice may not be feasible in high-volume busy cancer
centers. From a logistic point of view, identifying whether
single-day or multidayWBC growth factors are appropriate is
important. It is also important to note that peg-GCSF is amore
expensive option, although it is given for a single day. Within
the confines of the retrospective nature of this analysis, there
wereno statistical differences in amajorityof neutropenia and
neutropenia-related complications like FN between patients
receiving single-day or multiday WBC growth factors. The
takeaway from this finding is that in patients receiving regi-
mens like mFOLFIRINOX and mFLOTwhere guidelines on the
useofGCSFareuncleardue to lesser than20% rates ofexpected
FN, a single dose of WBC growth factor might be adequate as
opposed to multiple doses of WBC growth factors. This also
applies, therefore, to the lack of requirement of the longer-
acting peg-GCSF with such regimens.12

While the study attempts to evaluate a niche area with
respect to the use of WBC growth factors, multiple caveats
must be recognized. We have combined the data for mFLOT
and mFOLFIRINOX regimens due to the similar rates of neu-
tropenia as per published literature, although both regimens
differ in their composition and efficacy, as well as primarily
being used in the treatment of different cancers. The doses of
mFOLFIRINOX and mFLOTused in the current study are based
on institutional practice and do not correspond exactly with
that used in the seminal trials. Markedly lower rates of
neutropenia were seen in the current study compared to trial
data, although we have previously explained some of the

reasons for the same. The use ofWBC growth factors and their
durationwas based on individual physician choice as opposed
to institutional guidelines and hence there is variance with
regard to their use. The low rates of admission due to neutro-
penia-related complications are lower than the FN rates
because of logistic issues in terms of being able to admit
patients for these complications.

Conclusion

In conclusion, the use of WBC growth factors reduces the
rates of febrile neutropenia by approximately 80% in
patients receiving mFLOT and mFOLFIRINOX, although
incidences of FN are low with these regimens. In patients
receiving mFLOT or mFOLFIRINOX being considered for
WBC growth factors, a single dose of WBC growth factor
appears to be similar in efficacy to multiday WBC growth
factors with regard to the incidence of febrile neutropenia.
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