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G-CSF signaling pathways 
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G-CSF facilitates metastasis via tumour-promoting neutrophils

FEBS J. 2018 Feb;285(4):665-679.



G-CSF–MDSC–NLR paradigm

Front Oncol. 2019 Apr 26;9:295. 



rhG-CSF triggers ‘emergency’ myelopoiesis and

accumulation of granulocytic and monocytic MDSCs

Cancer Immunol Immunother. 2018;67:1919-1929.



rhG-CSF immunosuppressive and tumor-promoting actions

Cancer Immunol Immunother. 2018;67:1919-1929.



Tumor type G-CSF GM-CSF

NSCLC Angiogenic, immunosuppressive via MDSC

Glioma Auto-/paracrine growth stimulation

Bladder carcinoma Auto-/paracrine growth stimulation ?

Colorectal cancer Tumorigenic
Immune-mediated and immune-in

dependent tumor suppression

Melanoma Tumorigenic
Antiangiogenic via soluble VEGFR 

Tumorigenic via MDSC

Skin cancer Synergistically tumorigenic and angiogenic

Bone metastases Sustain cancer stem cell phenotype

Cancer Medicine 2014;3(4):737–746.

Pro- and antitumorigenic roles of G-CSF & GM-CSF



Introductions 

• Cytotoxic chemotherapy

→ profound & sometimes prolonged “neutropenia”

→ hospitalization for treatment of fever

/potentially fatal infection

• Neutropenia: pre-engraftment phase of HCT, 

induction therapy for acute leukemia

→ can also occur in standard-dose chemotherapy for other  

neoplasms



Definitions

• Neutropenia

Severe neutropenia: 

ANC < 500/mm3 or

ANC that is expected to decrease to < 500/mm3 during the

next 48 hours

Profound neutropenia: ANC < 100/mm3

• Fever

single temperature ≥ 38.3℃ or

temperature ≥ 38℃ sustained over a 1 hour period



WBC growth factors, colony-stimulating factors 

• Recombinant human granulocyte colony stimulating factor

(G-CSF): filgrastim, pegfilgrastim

• Granulocyte-macrophage colony stimulating factor

(GM-CSF): sargramostim



Definitions

• Primary prophylaxis

: prophylactic use following the administration of chemotherapy

when neutropenia is anticipated

: initiation of G-CSF during the first cycle and continuing through

subsequent cycles of chemotherapy

• Second prophylaxis

: prophylactic use during retreatment after a previous cycle of 

chemotherapy that causes neutropenic fever

: administration of a G-CSF in subsequent chemotherapy cycles

after neutropenic fever has occurred in a prior cycle



Evolution of CSF use

Curr Med Res Opin. 2020 Mar;36(3):483-495.

2015: ASCO
guidelines for 

CSF use updated

2022: NCCN guidelines for 
CSF use updated







Primary prophylaxis





Incidence of FN for all chemotherapy regimens

Ann Oncol. 2016 Apr;27(4):608-18.*breast cancer-related chemotherapies

Observational cohorts- higher FN rate: 66% (19/29)



Primary prophylaxis





ASCO guideline 2015



Algorithm to decide 

primary prophylaxis

ESMO guideline 2016

ESMO guideline 2015



Ann Oncol. 2015 Jul;26(7):1452-8.

Overall survivals: G-CSF vs. placebo

phase 3 SCLC phase 3 breast

phase 2 CRC Non-inferiority
phase 3 breast



RR=0.92; 95% CI 0.90–0.95; ARD=−3.3%; 95% CI −4.2–−2.4; P < 0.0001

Mortality: Primary G-CSF support vs. Control

Ann Oncol. 2018;29:1903-1910. 



Ann Oncol. 2018;29:1903-1910. 

Secondary malignancies: Primary G-CSF support vs. Control

RR=1.85; 95% CI 1.19–2.88; 
ARD=0.47; 95% CI 0.21–0.73; P<0.01

RR=1.99; 95% CI 1.25–3/18

All eligible studies Excluding studies with zero cases



Risk of febrile neutropenia

G-CSF: meta-analysis

Support Care Cancer. 2015;23:3131-40.



약제명 현 행 개 선

· Pegfilgrastim

(품명∶뉴라스타프리필드시린지주)

· Pegteograstim

(품명:뉴라펙프리필드시린지주)

· Tripegfilgrastim

(품명∶듀라스틴주사액프리필드시린지)

· Lipegfilgrastim

(품명∶롱퀵스프리필드주)

• Eflapegrastim (2021.10.28.)

(품명: 롤론티스프리필드시린지주)

예방적 투여가 가능한 대상

총 5개 암종 11개 요법

1) 발열성 호중구 감소증 위험이 20% 이상

▪ 유방암 2개 요법

▪ 비호지킨림프종 5개 요법

▪ 호지킨림프종 1개 요법

▪ 생식세포종양 1개 요법

▪ 고환암 3개 요법

(생식세포종양과 1개 요법 동일)

예방적 투여가 가능한 대상

총 10개 암종 40개 요법

1) 발열성 호중구 감소증 위험이 20%이상(암종, 요법 확대)

▪ 유방암 2개 요법

▪ 비호지킨림프종 6개 요법

▪ 호지킨리프종 2개

▪ 생식세포종양 3개(고환암 포함)

▪ 방광암 1개

▪ 골암 6개

▪ 중추신경계암 2개

▪ 연조직육종 4개

▪ 횡문근육종 2개

▪ 신경모세포종 1개

2) 발열성 호중구 감소증 위험이 10-20%(신설)

- 65세이상또는이전항암요법투여시발열성호중구감소증등이있었던환자

▪ 유방암 6개

▪ 방광암 1개

▪ 비호지킨림프종 2개

▪ 호지킨림프종 1개

▪ 생식세포종양 1개

· Filgrastim

(품명∶그라신주 등)

· Lenograstim

(품명∶뉴트로진주)

예방적 투여는 불인정

급여기준의 호중구수 수치에 해당하는 경우 인

정

소아 암환자의 예방적 투여 인정.

▪ 성인과 동일한 요법

“과립세포군 촉진인자(G-CSF) 주사제의 건강보험
확대를 통해 암환자의 치료율 향상 기대”

-보건복지부 고시 (2016. 8. 31.)

건강보험심사평가원



Secondary prophylaxis



ASCO guideline 2015



BMJ Support Palliat Care. 2021 Oct 27;bmjspcare-2021-003082.

Physicians’ preferences for G-CSF

Primary prophylaxis

Secondary prophylaxis



Febrile neutropenia

Risk factors:

- sepsis syndrome 

- age >65 years

- absolute neutrophil count [ANC] 10 days in duration 

- pneumonia or other clinically documented infections 

- invasive fungal infection                                  

- hospitalization at the time of fever

- prior episode of febrile neutropenia



Use of guideline- & nonguideline-based treatment for FN

Guideline-base antibiotics

73.4% in 2000 to 80.3% in 2010 (P < .001)

Vancomycin treatment

G-CSF use

17.2% in 2000 to 54.9% in 2010 (P < .001)

72.5% in 2000 to 55.0% in 2010 (P < .001)

JAMA Intern Med. 2013;173(7):559-568.



JAMA Oncol. 2018;4(7):996-998. 

Use of G-CSF in hospitalization with febrile neutropenia

Electronic health record (HER) alert: Before vs. After

*Clinician selected G-CSF indication: febrile neutropenia (40.7%)



Dose & schedule



Toxicity risks



N Engl J Med. 1997 Jun 19;336(25):1776-80. 
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Hospitalization & Culture-positive infectionsTime to recovery of ANC > 500/mm3

G-CSF vs. placebo in afebrile neutropenia 

Median: 2 days vs. 4 days

P < 0.001
by log-rank test



ASCO guideline 2015



Overall mortality: G-CSF + antibiotics vs. antibiotics alone

Cochrane Database Syst Rev. 2014 Oct 30;2014(10):CD003039.



Infection-related mortality: G-CSF + antibiotics vs. antibiotics alone

Cochrane Database Syst Rev. 2014 Oct 30;2014(10):CD003039.



Hospitalization > 10 days: G-CSF + antibiotics vs. antibiotics alone

Cochrane Database Syst Rev. 2014 Oct 30;2014(10):CD003039.



Time to neutrophil recovery: G-CSF + antibiotics vs. antibiotics alone

Cochrane Database Syst Rev. 2014 Oct 30;2014(10):CD003039.



Bone/joint pain of flu-like sx.: G-CSF + antibiotics vs. antibiotics alone

Cochrane Database Syst Rev. 2014 Oct 30;2014(10):CD003039.



Clinical Infectious Diseases 2011;52(4):e56–e93

IDSA guideline 2011



ASCO guideline 2015

J Clin Oncol 33:3199-3212.



ASCO guideline 2015

J Clin Oncol 33:3199-3212.



Therapeutic use

Risk factors:

- sepsis syndrome 

- age >65 years

- absolute neutrophil count [ANC] 10 days in duration 

- pneumonia or other clinically documented infections 

- invasive fungal infection                                  

- hospitalization at the time of fever

- prior episode of febrile neutropenia



건강보험심사평가원



Cancer Invest. 1998;16(6):366-73.

GM-CSF (Sargramostim) vs. G-CSF (Filgrastim)

Patient characteristics Results 



Am J Health Syst Pharm. 2005 Jan 1;62(1):83-7.

No. Days with Indicated Maximum Body Temperaturea

Group
Grade 0, 
<100.4 °F 
(<38.0 °C)

Grade 1, 
100.4–100.8 °F 
(38.0–38.2 °C)

Grade 2, 
100.9–101.2 °F 
(38.3–38.4 °C)

Grade 3, 
≥101.3 °F 
(≥38.5 °C)

Maximum Temperature

Sargramostim 221 34 26 105

Filgrastim 183
b

42 28 116

Maximum Temperature within Four hr of Drug Administration

Sargramostim 26 6 9 21

Filgrastim 21 11 4 16
a
The total number of evaluable treatment days was 386 for sargramostim and 369 for filgrastim.

b
Significantly different from corresponding value for sargramostim (p = 0.01).

GM-CSF (Sargramostim) vs. G-CSF (Filgrastim)



Comparison 
Group

Outcome 
Event

Sargramostim Comparison Group Univariate Multivariate

No. of
Events*

Incidence
Rate of 
Event 

(95% CI)

No. of 
Events*

Incidence 
Rate of 
Event 

(95% CI)

Incidence 
Rate Ratio
(95% CI)

P

Adjusted 
Incidence 
Rate Ratio 
(95% CI)

P

Sargramostim
vs. 
filgrastim

Infection-related 
hospitalizations

10
0.12 

(0.05-0.20)
22

0.26 
(0.15-0.37)

0.46 
(0.22-0.97)

.0422
0.44 

(0.20-0.94)
.0333

Febrile neutropenia
-related hospitaliza
tions†

4
0.05 

(0.01-0.12)
7

0.08 
(0.03-0.17)

0.58 
(0.17-1.98)

.3837
0.61 

(0.17-2.15)
.4448

Sargramostim
vs. 
pegfilgrastim

Infection-related 
hospitalizations

10
0.12 

(0.05-0.20)
37

0.24 
(0.16-0.31)

0.52 
(0.26-1.04)

.0628
0.44 

(0.21-0.90)
.0256

Febrile neutropenia
-related hospitaliza
tions†

4
0.05 

(0.01-0.12)
9

0.06 
(0.03-0.11)

0.85 
(0.26-2.75)

.7827
0.74 

(0.22-2.50)
.6235

GM-CSF (Sargramostim) vs. G-CSF (Filgrastim/Pegfilgrastim)

Cancer. 2009 Oct 15;115(20):4839-48.

https://acsjournals.onlinelibrary.wiley.com/doi/10.1002/cncr.24535#fn5_25
https://acsjournals.onlinelibrary.wiley.com/doi/10.1002/cncr.24535#fn5_26
https://acsjournals.onlinelibrary.wiley.com/doi/10.1002/cncr.24535#fn6_27
https://acsjournals.onlinelibrary.wiley.com/doi/10.1002/cncr.24535#fn6_28


ASCO guideline 2015

J Clin Oncol 33:3199-3212.



Lung Cancer. 2021;153:165-170.

CONVERT: G-CSF with CCRT in LS-SCLC

Incidence of hematological toxicity, infections and hospitalization



Lung Cancer. 2021;153:165-170.

CONVERT: G-CSF with CCRT in LS-SCLC

Overall survival Progression free survival



Dose & schedule



Adv Ther. 2018 Nov;35(11):1816-1829.

Febrile neutropenia: long- vs. short-acting G-CSF

RTCs Non-RTCs



Adv Ther. 2018 Nov;35(11):1816-1829.

FN-related hospitalization: long- vs. short-acting G-CSF

Non-RTCs



Adv Ther. 2018 Nov;35(11):1816-1829.

CTx dose reduction & delay: long- vs. short-acting G-CSF

Chemotherapy 

dose reductions

Chemotherapy 

dose delays



Am J Hematol. 2020 Aug; 95(8): E210–E213.

1 day afterG-CSF administration

G-CSF for neutropenic fever in COVID-19

M/ 65, AML M/ 65, AML

ANC 300/mcL ANC 2,200/mcL



Am J Hematol. 2020 Aug; 95(8): E210–E213.

G-CSF for neutropenic fever in COVID-19

Time Point (Days)

ANC/ALC ratio



Cancers (Basel). 2021 Aug 20;13(16):4205. 

G-CSF: Cancer patients with neutropenia and COVID-19

Death Respiratory distress 



Cancers (Basel). 2021 Aug 20;13(16):4205. 

G-CSF: Cancer patients with neutropenia and COVID-19

Mortality according to different variables



CID. 2022;74(4):567–74

G-CSF: Respiratory failure or death in COVID-19



Summary 

• Recombinant G-CSF was associated with a high risk of developing

secondary malignancies (AML/MDS) and may carries risks of disease

progression.

• Primary prophylaxis: > 20% risk of febrile neutropenia

10-20% risk of FN & high risk factors 

• Afebrile neutropenia: G-CSFs should not be routinely used



Summary 

• Neutropenic fever: 

G-CSFs should not be routinely used 

as adjunctive treatment with antibiotic therapy

G-CSFs should be considered in patients with high risk of

infection-associated complication & poor prognosis 

(eg. age >65, ANC <100, pneumonia, sepsis…)

• Concerns for patients with COVID-19


