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• Chemotherapy-induced neutropenia (CIN)

• One of the most common dose-limiting toxicities associated with cytotoxic effects

• Onset and duration of neutropenia vary widely by agent, dose, frequency of dosing, 

and host-related factors

• Presence of neutropenia predisposes patients to infection

• Greatest risk of severe CIN, including febrile neutropenia (FN), is in the first cycle of 

chemotherapy

Chemotherapy-induced neutropenia



Blood element Grade 1 Grade 2 Grade 3 Grade 4 Grade 5

Neutrophils <LLN to 1,500 1000 to 1500 500 to 1000 <500

Platelets <LLN to 75,000 50,000 to 75,000 25,000 to 50,000 < 25,000

Hemoglobin <LLN to 10g/dL 8.0 to 10.0 g/dL <8.0 g/dL Life-threatening 

consequence; 

urgent 

intervention 

indicated

Death

Febrile 

neutropenia

ANC 

<1000/microL

with a single 

temperature >38.

3°C (100.4°F) or 

a sustained 

temperature 

≥38°C (100°F) 

for more than 

one hour

Life-threatening 

consequence; 

urgent 

intervention 

indicated

Death

NCI CTACE ver 5.0 hematologic toxicity

In general, toxicity is graded as mild (Grade 1), moderate (Grade 2), severe (Grade 3), or life-threatening (Grade 4), with specific parameters according to the organ system involved.



NCCN guideline ver1. 2022

Management of neutropenia 



Chemotherapy regimens with a 

high risk for febrile neutropenia (>20%)

• Small cell lung cancer

• Topotecan

Chemotherapy regimens with an 
intermediate risk for febrile neutropenia 
(10-20%)

• Non-small cell lung cancer

• Cisplatin/paclitaxel 

• Cisplatin/vinorelbine

• Cisplatin/docetaxel  

• Cisplatin/etoposide  

• Carboplatin/paclitaxel

• Docetaxel 

NCCN guideline ver1. 2022

Management of neutropenia 



• Optimal outcomes are achieved with standard chemotherapy regimens

• Chemotherapy dose delays and dose reductions result in poorer disease-free, 

progression-free, and overall survivals among patients with curable malignancies 

receiving adjuvant and neoadjuvant therapies

→ Maintaining full-dose chemotherapy on the planned schedule in clinical practice 

as a means to improve patient outcomes 

JNCCN 2015

Management of neutropenia 



• The use of CSF support is particularly important for delivery of dose dense 

chemotherapy

• However, in other patients, dose escalation of standard chemotherapy regimens 

has not improved survival

: Dose-intense regimens in NSCLC have not yet shown any survival benefit and are not 

recommended

→ Dose reduction without the prophylactic use of CSF is a feasible and generally 

preferred option, particularly in patients receiving palliative care

n engl j med 368;12, 2013
J Thorac Oncol. 2010;5: 1397–1403

Management of neutropenia 



JNCCN 2015

Dose delays, dose reductions, and reduced RDI by tumor type

• US, Adjuvant or Neoadjuvant Chemotherapy in Community Oncology Practices

• N=16,233, 6 different tumor types, 1 of 20 chemotherapy regimens 



Neutropenia and Survival



• Body surface area (BSA)-dosing method

- “ Old habits die hard”

- 4 ~ 10-fold variation in cytotoxic drug clearance between individuals due to differing 

activity of drug elimination processes related to genetic and environmental factors

How to calculate the dose of chemotherapy 

British Journal of Cancer (2002) 86, 1297 – 1302

→ Wide distribution of systemic exposure is skewed towards 

the ineffective range when dose is calculated using BSA



• Under-dosing 

- Can the lack of effect on normal tissue (i.e. toxicity) be used to identify a lack of effect 

in neoplastic tissue?

- Dose – toxicity and dose – response relationships

→ Myelosuppression is considered a surrogate for chemotherapy dose intensity, 

suggesting a strong association between dose intensity and clinical efficacy

How to calculate the dose of chemotherapy 

British Journal of Cancer (2002) 86, 1297 – 1302
JNCCN 2009;7:99–108



Relationship between myelosuppression and anticancer effect 

(curative setting)

J Natl Compr Canc Netw 2007;5:188–102.

Retrospective evaluation based on whether myelosuppression occurred 

during chemotherapy. Shown is the Kaplan-Meier plot of overall survival from 

diagnosis among women with early-stage breast cancer receiving adjuvant 

chemotherapy

Results from a prospective observational study of nearly 2500 

unselected patients with early-stage (1–3) cancers of the breast, 

colorectum, ovary, or lung and malignant lymphoma. 

Shown is the Kaplan-Meier survival plot of patients experiencing one or 

more episodes of severe neutropenia during systemic chemotherapy in 

the initial course of treatment



Relationship between myelosuppression and anticancer effect 

(curative setting)

British Journal of Cancer (2002) 86, 1297 – 1302



• Italy, 1996~2001

Lancet Oncol 2005; 6: 669–77

Relationship between myelosuppression and anticancer effect 

(Lung cancers-metastatic setting)



Lancet Oncol 2005; 6: 669–77

Relationship between myelosuppression and anticancer effect 

(Lung cancers-metastatic setting)



Lancet Oncol 2005; 6: 669–77

Relationship between myelosuppression and anticancer effect 

(Lung cancers-metastatic setting)



• Japan multinational trial organization LC00-03, 2001~2005, n=393 

• Vinorelbine+Gemcitabine, followed by Docetaxel vs. Paclitaxel+Carboplain

British Journal of Cancer (2009) 101(9), 1537 – 1542

Relationship between myelosuppression and anticancer effect 

(Lung cancers-metastatic setting)



British Journal of Cancer (2009) 101(9), 1537 – 1542

Relationship between myelosuppression and anticancer effect 

(Lung cancers-metastatic setting)



• UK, retrospective study, advanced stage NSCLC, n=169

Relationship between myelosuppression and anticancer effect 

(Lung cancers-metastatic setting)

J Thorac Oncol. 2010;5: 1397–1403



Dose reduction and survival 



• Relative dose intensity (RDI)

• Ratio of delivered dose intensity to standard or planned dose intensity

• Commonly used to describe dose delays and/or reductions that occur within a 

chemotherapy course 

• RDI less than 85% is generally considered to be a clinically significant reduction from 

standard or planned therapy

• Curative setting patients with cancer receiving chemotherapy at higher RDI had better 

clinical outcomes than those receiving treatment at lower RDI

• However, the impact of RDI in advanced/metastatic disease remains unclear

JNCCN 2015
Critical Reviews in Oncology/Hematology 93 (2015) 203–210

Relative dose intensity (RDI)



Relationship between dose reduction and survival (Curative setting)

N Engl J Med 1995;332:904. 
J Natl Cancer Inst 1998;90:1208.

J Natl Compr Canc Netw 2007;5:188–102.

[Lymph node positive early-stage breast]

Curative setting patients with cancer receiving chemotherapy at higher RDI

had better clinical outcomes than those receiving treatment at lower RDI



• Canada, retrospective analysis for The British Columbia Cancer Agency

• Surgically resected stage II NSCLC between 1 January 2005 and 31 December 2010

Relationship between dose reduction and survival (Curative setting)

Clinical Oncology 27 (2015) 394e400.



Critical Reviews in Oncology/Hematology 93 (2015) 203–210

Systematic review of RDI and survival in patients with metastatic NSCLC



• Brunetto, et al. UK, retrospective study, advanced stage NSCLC, n=169

• Platinum-doublet chemotherapy using a prespecified RDI threshold of 90%

• RDI across regimens was not associated with overall survival 

(platinum, P = 0.4; vinorelbine, P = 0.3; gemcitabine, P = 0.6) 

J Thorac Oncol. 2010;5: 1397–1403

Relationship between dose reduction and survival (metastatic ds)

No significant relationship between survival

and dose intensity (90%), modest dose reductions (20%)



• Luciani, et al. 1998~2007, Italy, retrospective study, n=107, elderly patients (≥ 70 years), advanced 
stage NSCLC

• Prespecified RDI threshold of 80% 

• Patients receiving chemotherapy at a higher RDI had improved survival (P < 0.0001) 

Relationship between dose reduction and survival (metastatic ds)

Lung Cancer 66 (2009) 94–96

Elderly patients treated with chemotherapy for advanced NSCLC

an adequate dose intensity has a significant positive impact

on both response rate and overall survival



• US, retrospective study, large US community-based oncology network setting

• 2007-2010, n=3866, advanced stage NSCLC

Relationship between dose reduction and survival (metastatic ds)

Dose delays, dose reductions, and reduced RDI were common

• Dose delay ≥ 7 days: 32.4% 

• Dose reduction ≥ 15%: 50.1% 

• mean (SD) RDI across all regimens : 83.9%

• RDI < 85% : 40.4% 

Supportive Care in Cancer (2020) 28:925–932



Relationship between dose reduction and survival (metastatic ds)

Supportive Care in Cancer (2020) 28:925–932

→ Dose reduction alone was not a significant predictor of survival warrants further investigation.

These results suggest that different measurements of dose variation may have different sensitivity in predicting prognosis. 

Understanding the complex effect of dose intensity on outcomes will be important for managing toxicities and improving survival

Dose delay ≥ 7 days was significantly associated with a

decreased risk of death, 

whereas RDI < 85% was significantly

associated with an increased risk of death



• 2013-2020, meta-analysis for association between RDI and survival (22 articles)

• Nonadjuvant-based chemotherapy regimens

Relationship between dose reduction and survival

The Oncologist 2021;26:e1609–e1618

→ Longer overall survival with RDI levels of at least 80% for patients with solid tumors

managing toxicities across treatment regimens may contribute to maintenance of higher RDI and ultimately benefit overall 

survival.



Relationship between dose reduction and survival

The Oncologist 2021;26:e1609–e1618

→ For all agents, drug-response curves flattened at higher doses, suggesting efficacy is limited by saturable passive resistance

Cell survival vs planned dose-intensity for agents used in combinations as therapy in NSCLC



• Despite significant progress in precision medicine and immunotherapy, chemotherapy 

remains the cornerstone of treatment for lung cancer

• Myelosuppression

• Common dose-limiting side effect of cytotoxic chemotherapy that leads to considerable morbidity and 

negatively impacts treatment outcomes and QoL

• Surrogate for chemotherapy dose intensity, suggesting a strong association between dose intensity and 

clinical efficacy

Summary



• Dose reduction and survival

• Strong evidence shows that patients with responsive and potentially curable malignancies benefit from the 

delivery of full-dose cancer chemotherapy

• In the setting of palliative chemotherapy for NSCLC

- Tumors are often chemo-resistant 

- Patient population is relatively elderly, with associated comorbidities, poor PS, and an increased risk of life-

threatening complications

• It remains unclear whether modest dose reductions or dose delays in this population are associated with 

adverse outcome and whether drug-induced neutropenia is necessary for improved survival

→ Managing toxicities across treatment regimens may contribute to maintenance of higher RDI and ultimately 

benefit overall survival

Summary



Thank you for
your attention!

mihyunkim@pusan.ac.kr


