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Learning Objectives
1. Identify risk factors for febrile or prolonged neutropenia and the 

potential clinical outcomes of these conditions in oncology patients
2. Assess the role and interchangeability of biosimilar and reference 

biologic G-CSFs in the prophylaxis and treatment of FN
3. Understand the impact of worrisome developments with respect to 

superinfection and drug resistance
4. Describe treatments for infections commonly seen in patients with 

cancer, as well as what advanced practitioners should be aware of 
when strategizing a treatment approach

FN = febrile neutropenia; G-CSF = granulocyte colony-stimulating factor.
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Biosimilars vs. Generics: What’s the 
Difference?
• Size and complexity of the molecules

• Generics (small simple molecules) identical chemically to brand name 
• Biosimilars (biological product) typically proteins, large, complex molecules
• Interchangeable biologic product?

• Biosimilars
• Very, very similar to original FDA biologic product
• Minor differences in clinically inert substances
• Same amino acid sequence
• Slightly different protein structure
• Overall safety and efficacy unchanged

FDA = US Food and Drug Administration.
US Food and Drug Administration, Information on Biosimilars, 
http://www.fda.gov/Drugs/DevelopmentApprovalProcess/HowDrugsareDevelopedandApproved/ApprovalApplications/TherapeuticBiologicApplications/Biosimilars/default.htm



Filgrastim vs. Cefepime: Thoughts on 
Which One Is Harder to Manufacture?

Filgrastim Chemical and 3D Structure Cefepime Chemical Structure
Drug Bank, Filgrastim, October 15, 2016, http://www.drugbank.ca/drugs/DB00099; Pub Chem, Cefepime HCI, 
https://pubchem.ncbi.nlm.nih.gov/compound/Cefepime_hydrochloride#section=Top.



Amgen Biosimilars, How a Biosimilar Is Made, http://www.amgenbiosimilars.com/manufacturing/how-a-biologic-is-made/.



Amgen Reports Second Quarter 2016 
Financial Results
• Neupogen (filgrastim) sales decreased 23% driven by the 

impact of competition in the United States
• Total sales in Q2/2106 = $141 million
• Biosimilars

• Zarxio (filgrastim-sndz)
• Granix (tbo-filgrastim)

• “…lower economic pressure… discount is much less 
compelling… than for traditional generics”

Amgen. Amgen Reports Second Quarter 2016 Financial Results, July 27, 2016, http://www.amgen.com/media/news-releases/2016/07/amgen-reports-second-quarter-2016-
financial-results/; BioPharma Reporter, Zario one year on: US biosimilars market still riddled with uncertainty, expert,” March 9, 2016, http://www.biopharma-
reporter.com/Markets-Regulations/Zarxio-one-year-on-Questions-remain-around-US-biosimilar-market.



Guideline Comments on Biosimilars
• An important footnote

• “G-CSF refers to the following approved agents: filgrastim, filgrastim-sndz, tbo-filgrastim, 
and pegfilgrastim”

• “Biosimilars can be substituted for the originator product”
• “…designated as interchangeable, alternating or switching…acceptable”
• “…recommended that patients remain on the same product throughout 

treatment”
• Filgrastim-sndz = biosimilar NOT interchangeable

NCCN Guidelines Version 2.2016 – Myeloid Growth Factors.



A Dark Side to Biosimilars?

• “…unlikely that phase 3 trials involving filgrastim-sndz will be 
initiated”

• “…data must be extrapolated to the indications…”
• “…clinicians must make decisions on the appropriate 

incorporation…”
• “…nature of biosimilars reflects variation in manufacturing…”
• “…could result in difference in efficacy and safety…”

NCCN Guidelines Version 2.2016 – Myeloid Growth Factors.



FDA-Approved Indications
• Filgrastim-sndz: Five indications

• Patients with cancer receiving myelosuppressive chemotherapy
• Patients with acute myeloid leukemia receiving induction or consolidation chemotherapy
• Patients with cancer undergoing bone marrow transplantation
• Patients undergoing autologous peripheral blood progenitor cell collection and therapy
• Patients with severe chronic neutropenia

• tbo-filgrastim: One indication
• “…reduction in the duration of severe neutropenia… nonmyeloid malignancies…”
• Only studied for prophylaxis

• Filgrastim indications: Same five as filgrastim-sndz



Myeloid Growth Factors: Who Is Most 
Likely to Need Them?
• Intensity of chemo regimen drives FN rates
• Rates of FN >20% = “high risk”
• Type of chemo regimen + other patient risk factors = FN risk
• Some regimens ONLY evaluated with MGF
• Other risk factors for FN

• Higher age (especially those >65 years old who receive full dose chemo)
• Prior chemotherapy or radiotherapy
• Preexisting neutropenia or tumor involvement of bone marrow
• Poor performance status
• Comorbidities

MGF = myeloid growth factors.
NCCN Guidelines Version 2.2016 – Myeloid Growth Factors.



Prophylactic MGFs
• >20% incidence of FN
• Agreement between NCCN, ASCO, & EORTC
• Consider other risk factors in addition to chemo regimen
• All high-risk patients should receive MGFs
• Intermediate risk (10%–20%) case-by-case basis
• Avoid in low-risk patients (<10%)
• Evaluate risk with each chemo cycle

ASCO = American Society of Clinical Oncology; EORTC = European Organisation for the Research and Treatment of Cancer; 
NCCN = National Comprehensive Cancer Network.
NCCN Guidelines Version 2.2016 – Myeloid Growth Factors.



Therapeutic Uses of MGFs
• Less well supported by evidence
• Shorter length of stay and time to neutrophil recovery
• No benefit in overall survival
• Do not give additional MGFs if patient received peg-filgrastim
• Consider in patients who did not receive MGF prophylaxis and are/have:

• >65 years old
• Septic
• ANC <100 or anticipated prolonged (>10 days) neutropenia
• Pneumonia
• Invasive fungal infections and other clinically documented infections
• Hospitalization
• Prior FN

ANC = absolute neutrophil count.
NCCN Guidelines Version 2.2016 – Myeloid Growth Factors.



MGFs: Stem Cell Transplant
• Mobilization of PBPCs

• Questions regarding filgrastim-sndz and “…equivalency in hematopoietic cell mobilization 
or in patients with chronic neutropenia”

• “…reasonable to substitute with filgrastim-sndz…”

• After transplant as part of supportive care
• “Consensus is lacking…”
• Mixed impact on length of stay, infection, and survival
• Conflicting data in allogeneic transplant recipients

• Some studies suggest worse outcomes
• Routinely used in cord blood transplants

• Recommended as part of supportive care post-auto transplant

PBPC = peripheral blood progenitor cell.
NCCN Guidelines Version 2.2016 – Myeloid Growth Factors.



A few reasons having 
some white cells around 

might be nice…



Bacterial Pathogens Representing 
a Threat
• Urgent threats

• Clostridium difficile
• Carbapenem-resistant Enterobacteriaceae
• Drug-resistant Neisseria gonorrhoeae

• Serious threats
• MDR pseudomonas aeruginosa and acinetobacter
• ESBL-producing Enterobacteriaceae
• MRSA and VRE
• Various drug-resistant species (Campylobacter, S. pneumoniae, Salmonella, 

tuberculosis, Shigella)

ESBL = extended-spectrum beta-lactamases; MDR = multidrug resistant; MRSA = methicillin-resistant staphylococcus aureus; VRE = 
vancomycin-resistant enterococcus.
Centers for Disease Control and Prevention, Antibiotic Resistance Threats in the United States, 2013, http://www.cdc.gov/drugresistance/pdf/ar-threats-2013-508.pdf.



Antibiotic-Resistant Bacteria: 
Fast Facts 
• Resistant organisms cause more than 2 

million illnesses and at least 23,000 deaths each year 
in the United States

• Up to 70% fewer patients will get CRE in 5 years if 
facilities coordinate to protect patients

• Preventing infections and improving antibiotic 
prescribing could save 37,000 lives from drug-resistant 
infections over 5 years

• INTEGRATED EFFORTS ARE KEY!!!!

CRE = carbapenem-resistant Enterobacteriaceae infection. 
Centers for Disease Control and Prevention, Making Health Care Safer, August 4, 2015, http://www.cdc.gov/vitalsigns/stop-spread/index.html.



FDA Reboot of Antibiotic Development: 
Antimicrobial Agents Approved
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Pathogens Associated With HCAIs

Pathogen

All HCAIs
(N = 504)

number (%)
Pneumonia

(n = 110)

Surgical 
site

infections 
(n = 110)

GI
infections 

(n = 86)
UTIs

(n = 65)

Bloodstream 
infections 

(n = 50)

Clostridium difficile 61 (12.1) 0 0 61 (70.9) 0 0

Staphylococcus aureus 54 (10.7) 18 (16) 17 (16) 1 (1) 2 (3) 7 (14)

Klebsiella pneumoniae or 
oxytoca 50 (9.9) 13 (12) 15 (14) 1 (1) 15 (23) 4 (8)

Escherichia coli 47 (9.3) 3 (3) 14 (13) 1 (1) 18 (28) 5 (10)

Enterococcus 44 (8.7) 2 (2) 16 (15) 5 (6) 11 (17) 6 (12)

Pseudomonas aeruginosa 36 (7.1) 14 (13) 7 (6) 1 (1) 7 (11) 2 (4)

Candida spp. 32 (6.3) 4 (4) 3(3) 3 (4) 3 (5) 11 (22)

HCAI = healthcare-associated infections; GI = gastrointestinal; UTIs = urinary tract infections.
Magill SS, et al. N Engl J Med. 2014;370(13):1198:1208.



Carbapenem Resistance in P aeruginosa 
in the United States

Percentage of Isolates With Resistance to 
Carbapenems, 2011-2014
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MRPA = meropenem-resistant P aeruginosa; MSPA = meropenem-susceptible P aeruginosa. 
Eagye KJ, et al. Infect Control Hosp Epidemiol 2009;30:746-52.

Carbapenem-Resistant P aeruginosa Infections 
Have Longer Hospital Length of Stay
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Oregon Health & Science University 
Antibiogram, 2015
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Who Is at Risk for Colonization and 
Subsequent Infections With MDR 
Gram-Negatives?
• Previous exposure to broad-spectrum antibiotics

• Including vancomycin

• Exposure to an increasing number of antibiotics
• Increasing age (>60 years old)
• Increasing chronic disease score
• Previous ICU stay
• COPD
• Increasing duration of hospitalization

COPD = chronic obstructive pulmonary; ICU = intensive care unit.
Harris AD, et al. Emerg Infect Dis 2007;13:1144-9; Papadimitriou-Olivgeris M, et al. J Antimicrob Chemother 2012;67:2976-81.



MDR Gram-Negative Bacteria Are a 
Significant Burden to Patients, Payers, 
and Society

Society
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Time to Effective Antibiotics and 
Mortality
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Compromise of the Last Line
• Gene easily mobilized to E. coli, K. 

pneumoniae, and P. aeruginosa
• Adds a phosphoethanolamine to lipid A 

= no binding of colistin
• 78 (15%) of 523 samples of raw meat
• 166 (21%) of 804 animals during 

2011–14
• 16 (1%) of 1322 samples from 

inpatients with infection

Liu YY, et al. Lancet Infect Dis 2016;16:161-8.



So you’ve got resistant bugs… 
And you’ve got patients with 

no immune system…



Your Immune System Is Your Friend!
• Neutropenic cancer patients1

• Infection rate 46.3/1000 days of neutropenia
• 12.9 for bacteremia
• 2.9 for invasive mycoses

• Prospective study of neutropenic children
• Median incidence of infectious complications 43%
• 22.8 infectious episodes/1,000 days of neutropenia
• Bacteremia in 21% of episodes
• Mold infections in 5% of episodes

1. Carlisle PS, et al. Infect Control Hosp Epidemiol 1993;14(6):320-4; 2. Orasch C, et al. BMT 2010;45:521-6.



Host Factors That Predispose to 
Infection
• Immunodeficiencies associated with primary malignancy
• Neutropenia
• Disruption of mucosal barriers
• Functional asplenia
• And my personal favorite…

NCCN Treatment of Cancer Related Infections Guidelines – V2.2016.



Medications

• Corticosteroids
• Fludarabine
• Alemtuzamab
• Anti-CD20 mAbs (e.g., rituximab, ofatumumab)
• ….and new stuff appearing all the time



What Drives These Infection Rates?

• Neutropenia
• <500 cells/mm3 granulocytes
• Especially <100 cells/mm3 granulocytes

• Rapid decline in neutrophils
• Depth AND duration of neutropenia
• Mucositis 
• And…



The Emergence of the “mAbs and Mibs”

• Numerous new biologic response modifiers
• Limited information on side effects
• Limited information regarding infectious complications
• Also don’t forget our “friends”…

• They start with C, end with S, and are a long four-letter word…



So How Do We Prevent Infections in 
Our Patients?

• Prophylaxis during neutropenia?
• Quinolones?

• Fewer gram-negative infections
• Emerging resistance and more infections with resistant gram-negative rods?
• Breakthroughs with gram positives, especially Viridans streptococci
• Compromises ability to use these agents for outpatient management of FN

• NCCN recommendations
• Prophylaxis not recommended for patients with low risk of infection

• Includes most patients with solid tumors
• No prophylaxis for neutropenia expected to last <7 days in patients not receiving immunosuppressives (think 

corticosteroids)

• Intermediate- and high-risk patients
• Levofloxacin prophylaxis for neutropenia expected to last >7 days

NCCN Guidelines Version 2.2016 – Prevention & Treatment of Cancer-Related Infections.



Other Prophylaxis
• Pneumococcal: Allogeneic stem HCT patients

• 3 months – 1 year posttransplant
• Continue in GVHD until immunosuppression completed

• Antifungal: Targeted to long-term neutropenia and GVHD post-allogeneic HCT
• Azoles most commonly used

• Drug interactions!!!
• 3A4 interactions increase toxicity risk for proteasome inhibitors, tyrosine kinase inhibitors, and vinca alkaloids

• Stop days before interacting drug is given and allow drug to clear before restarting
• QT prolongation
• Not all the same and the need for therapeutic drug monitoring

• Echinocandins: The primary backup to azole therapy for prophylaxis
• Auto HCT with mucositis: Fluconazole or echinocandin until count recovery

GVHD = graft-vs-host disease; HCT = hematopoietic cell transplantation.
NCCN Guidelines Version 2.2016 – Prevention & Treatment of Cancer-Related Infections.



Prophylaxis for Other Infections
• Pneumocystis jirovecii

• Allo HCT patients for 6 months and while receiving immunosuppressive therapy
• Alemtuzumab: 2 months after and until CD4 count >200
• Purine analog therapy and other CD4 depleting agents until >200
• Auto HCT until 3–6 months posttransplant
• >20 mg of prednisone for >4 weeks
• Temozolomide and radiotherapy until lymphopenia resolves

• Antiviral prophylaxis against HSV
• Similar recommendations to PJP but slight differences

• CMV: Prophylaxis only for allo HCT, surveillance after alemtuzumab

CMV = cytomegalovirus; HSV = herpes simplex virus; PJP = Pneumocystis jiroveci pneumonia.
NCCN Guidelines Version 2.2016 – Prevention & Treatment of Cancer-Related Infections.



Vaccines

• General rule: If it moves…vaccinate it!
• Live vaccines: Careful in immunosuppressed patients
• Inactivated vaccines are safe
• Timing is important and efficacy may be reduced
• “…incomplete (protection) is better than no protection…”

NCCN Guidelines Version 2.2016 – Prevention & Treatment of Cancer-Related Infections; Rubin LG, et al. Clin Infect Dis 2014;58:309-18.



Reproduced with permission from the NCCN Clinical Practice Guidelines in Oncology (NCCN Guidelines®) for Prevention and Treatment of Cancer-Related Infections. Version 2.2016 © 2016 National 
Comprehensive Cancer Network, Inc. All rights reserved. The NCCN Guidelines® and illustrations herein may not be reproduced in any form for any purpose without the express written permission of the NCCN. To 
view the most recent and complete version of the NCCN Guidelines, go online to NCCN.org. National Comprehensive Cancer Network®, NCCN Guidelines®, and all other NCCN content are trademarks owned by the 
National Comprehensive Cancer Network, Inc. 



Initial Therapy for Fever and 
Neutropenia
• Oral regimens for select low-risk patients: Do not use if fluoroquinolones prophylaxis 

was used
• Ciprofloxacin + amoxicillin/clavulanate
• Moxifloxacin

• Intravenous monotherapy
• Cefepime
• Imipenem/cilastatin
• Meropenem
• Piperacillin/tazobactam
• Ceftazidime

• Consider combination in cases of resistance

NCCN Guidelines Version 2.2016 – Prevention & Treatment of Cancer-Related Infections.



Initial Therapy for Neutropenic 
Clinically Unstable Patients
• Start broad gram-negative coverage

• Carbapenem (NOT ertapenem)
• Piperacillin/tazobactam
• Cefepime

• Vancomycin
• Add an aminoglycoside?
• Consider Candida spp. coverage if not receiving prophylaxis
• Consider recent antibiotics, local epidemiology

NCCN Guidelines Version 2.2016 – Prevention & Treatment of Cancer-Related Infections.



Conclusions

• The biosimilars are coming…filgrastim is already here and will 
continue to increase in use based on price advantage

• Resistance is an increasingly worrisome problem in the 
immunocompromised host and complicated therapy of 
infections

• Appropriate prophylaxis of infections and appropriate initial 
therapy saves lives


