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• This webinar is being recorded

• All lines will be kept in listen only mode

• Please use the “questions” feature at the bottom of your 
attendee screen to submit questions – these will be answered 

during our Q&A

• If we can’t get to everyone’s questions in the allotted time, ID 
Connect will provide attendees with a “Frequently Asked 

Questions” write-up in the coming weeks

• Our webinar slides can be accessed by clicking the handout 
icon.  Once you select the handout icon, it will automatically 

start downloading. Click the download file at the bottom of your 
browser to save. A link to these slides will also be included in the 
thank you emails sent by ID Connect 
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Objectives

1. Discuss the pros of using Fluoroquinolone Prophylaxis for 

Neutropenic Fever

2. Describe the cons of using Fluoroquinolone Prophylaxis for 

Neutropenic Fever

3. Determine how microbiology laboratories and antimicrobial 

stewardship teams can collaborate to improve care of cancer 

patients with infections

5



To Claim CE Credit 

• You will need to file your CE intent with MAD-ID by completing the 

following brief set of questions on survey monkey *

*This hyperlink will also be included in your post-webinar thank you email 
from ID Connect

• If you have any CE related questions, please contact info@mad-id.org

• If you have any presentation or content questions, please contact 
IDInsights@idctelemed.com
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Dr. Samuel L. Aitken, 

PharmD, MPH
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January 25th, 2023

Sam L. Aitken, PharmD, MPH

The eagles should have brought 
the hobbits to Mordor

Or, an argument for FQ prophylaxis



Another Disclosure

Personal Biases

• I am a pro-fluoroquinolone (FQ) pharmacist

• I hate meta-analyses but I use them to prove points (whoops)



Points I will make

• Infection is a leading cause of death in patients with leukemia and 

hematopoietic cell transplant recipients (HCT)

• FQ prophylaxis reduces the risk of death relative to no FQ 

prophylaxis

• Benefits of FQ prophylaxis outweigh risks



Infections are a major problem in leukemia

• Infections, primarily with Gram negative organisms, accounted for 
~70% of all deaths in the early chemotherapy era

Hersh EM, et al. JAMA 1965;193(2):105-9



Early prevention relied on protective 
isolation and enteral decontamination

Hersh EM, et al. Ann Int Med 1975;82(3):351-8
Levine AS, et al. N Engl J Med 1973;288(10):477-83

Baltimore City Hospital National Cancer Institute

• Conflicting results on whether isolation, antibiotics, or both (or none) 
were better than another



Protective isolation was a challenge!

Yates JW, Holland JF. Cancer 1973;32(6):1490-8



Trimethoprim-sulfamethoxazole rapidly 
replaced non-absorbable antibiotics

• Better tolerated (although hints of hematologic toxicity) and easier 
to administer

• Mortality generally similar or reduced with TMP/SMX
Wade JC, et al. N Engl J Med 1981;304:1057-62



Nalidixic acid inferior to trimethoprim-
sulfamethoxaxole but less toxic

• Duration of severe neutropenia nearly doubled in patients receiving 
TMP/SMX

• Increased rate of aspergillosis observed in TMP/SMX recipients

Wade JC, et al. J Infect Dis 1983;147(4):624-34



Ofloxacin prophylaxis is superior to TMP/SMX

• Febrile neutropenia and microbiologically documented infections 
less common with ofloxacin

• Gram negative infection / colonization less common with ofloxacin
Kern W, Kurrle E. Infection 1991;19(2):73-80



Levofloxacin is superior to placebo

• Fever and microbiologically documented infections dramatically 
lower with levofloxacin

• Death reduced, but underpowered (despite n ~700)
Bucaneve G, et al. N Engl J Med 2005;353(10):977-87



Quinolone prophylaxis reduces mortality!

• Mostly dramatically underpowered studies
• What harm outweighs reduced risk of death?

Gafter-Gvili A, et al. Ann Int Med 2005;142(12):980-95



Levofloxacin is associated with reduced bloodstream infection in 
patients receiving induction chemotherapy

• “Other” generally cefpodoxime 
• Bloodstream infection, particularly Gram negative, dramatically 

reduced with levofloxacin prophylaxis at MD Anderson
Anderson T...Aitken SL. Unpublished data (yes, I’m working on it)



Multicenter, contemporary studies confirm 
the protective effect

• Multi-national, observational cohort between 2009 – 2014 confirms 
FQ prophylaxis associated with reduced mortality

Kern WV, et al. J Infect 2018;77(1):68-74

Mortality (n/N, %)

FQ-px No FQ-px aSHR (95% CI)

Overall 122/5302 (2.3) 110/3453 (3.2) 0.72 (0.56 – 0.93

Allo-HSCT 99/2857 (3.5) 65 /1366 (4.8) 0.72 (0.53 – 0.99)

Auto-HSCT 11/1929 (0.6) 15/1673 (0.9) 0.64 (0.29 – 1.38)

High-dose 
chemotherapy

12/516 (2.3) 30/414 (7.8) 0.30 (0.15 – 0.58)

aSHR: adjusted subhazard ratio; HSCT: hematopoietic stem cell transplant; FQ: fluoroquinolone; px: prophylaxis



A contemporary RCT in myeloma confirms benefit

• UK RCT of levofloxacin in nearly 1,000 patients with newly 
diagnosed myeloma

• 12-week mortality reduced from 3% to 1%
• ESBL colonization more common in placebo arm!

Drayson MT, et al. Lancet Oncol 2019;20;1760-72



A contemporary randomized trial in children confirms a benefit

• U.S. RCT of children with acute leukemia or undergoing HCT
• Resistance and C. difficile infection less common with prophylaxis!

Alexander S, et al. JAMA 2018;320(10):995-1004



Con argument #1: We can give antibiotics quickly!



Con argument #2: There’s no mortality benefit!



Con argument #3: Resistance! C. diff!



Con argument #4: Tendons, aortas, Diet Pepsi!



Come on, everyone’s doing it

• Overwhelming majority of U.S. cancer centers use FQ prophylaxis
• Since when have 9 out of 10 doctors been wrong?

Barreto JN, et al. Open Forum Infect Dis 2022;9(3):ofac005



Points I made

• Infection is a leading cause of death in patients with leukemia and 

hematopoietic cell transplant recipients (HCT)

• FQ prophylaxis reduces the risk of death relative to no FQ 

prophylaxis

• Benefits of FQ prophylaxis outweigh risks
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Perspectives on not using FQ prophylaxis in 
heme malignancy throughout the ages, aka…



Outline

• Theory

• Historical perspectives and 
old arguments

• Contemporary perspectives

• Unpacking arguments against 
prophy

• Closing remarks



Basics

Risk for 
severe and 
prolonged

neutropenia

Pre-
engraftment 
(allo) HCT

Induction for 
acute leukemia

(ANC < 500 for > 7 days)



Two perspectives

Use FQ prophylaxis Do not use FQ prophylaxis

Reduce NF Resistance

Reduce infections Microbiome/aGVHD

Probably reduce mortality (some but not all 

studies; some but not all meta-analyses)
Side effects

Drugs are overall safe C. difficile infection



1990 - IDSA

Hughes et al, J Infect Dis 1990

(1990 - First one ever!)



1990 – IDSA, themes being discussed

• Adverse effects of prophylaxis vs benefits

• ”Preserving anaerobic flora” of GI tract vs “eliminating 
pathogenic GNR”

• TMP-SMX prophylaxis

• FQ prophylaxis (only 3 studies at the time)

Hughes et al, J Infect Dis 1990



1990 – IDSA, TMP-SMX prophylaxis

• > 30 studies of prophy

• Significantly lowered infection vs placebo in most cases

• Overall considered “indicated” for prophylaxis

• Controversies cited
• What is the real impact on outcomes?

• Longer cytopenias
• ?More “fungal colonization,” oral candidiasis

• “Other adverse events”
• No activity against P. aeruginosa
• Resistance

• Cost

Hughes et al, J Infect Dis 1990



1990 – IDSA, FQ prophylaxis

• Only 3 studies at the time

• All showed in a reduction in GNR bacteremia

• Some rise in GPC bacteremia

• No change in mortality

• Not recommended

Hughes et al, J Infect Dis 1990



1996 – concerns from MSKCC

• Data at the time suggested (Cruciani et al Clin Infect Dis . 1996)
• FQ prevent GNR bacteremia

• FQ do not prevent
• GPC bacteremia

• Fever-related morbidity

• Infection-related mortality

(Editorial comment, Maurice et al. CID 1997)



1997 - IDSA

Hughes et al, Clin Infect Dis 1997

“Whatever benefit may come from the administration of 
necessarily broad-spectrum antibiotics is countered by 
deleterious effects from toxicity, emergence of antibiotic-
resistant bacteria, and fungal overgrowth. Of special concern 
is the increasing prevalence of antibiotic-resistant bacteria.”



1997 – IDSA, recommendations

Drug

Neutropenic prophy in 1997

VS 1990?

Recommendation Rationale/notes

TMP-SMX
“No sound consensus 

for routine use”

Mostly related to 

resistance

Reduces infection, not 

death

Not recommended 

anymore

Quinolones
“Not recommended for 

routine prophylaxis”

Emergence of resistance

Consider for short periods 

in profound/persistent 

neutropenia if “potential 
for resistance is 

appreciated and 

outweighed”

Some nuance added

Hughes et al, Clin Infect Dis 1997



1997 – IDSA, paradox

Hughes et al, Clin Infect Dis 1997

TMP-SMX, FQ:

Efficacy in 

reducing 

infections: A1 

grade!

Reasons why they 

chose not to 

recommend: 

resistance, no 

impact on death



2002 – IDSA, recommendations

Drug
Neutropenic prophy

VS 1997
Recommendation Rationale/notes

TMP-SMX

No consensus to 

recommend

for routine use for all 

afebrile neutropenic

patients

Resistance concern

Reduction in fever/infection, 

but not death established by 

meta-analyses

“In some special cases, for 

patients with profound and

prolonged neutropenia, a 

quinolone plus penicillin or 
TMP-SMX

may be considered for critical 

periods of time, if the

potential for resistant 

organisms is appreciated and 
outweighed.”

No change

Same paradox 

as in 1997 

acknowledgedQuinolones

Hughes et al, Clin Infect Dis 2002



Data between 2002 – current era

• More experience with quinolones

• Emergence meta-analyses finally showing mortality benefit with 
FQ prophylaxis (e.g., Gafter-Gvili A, Annals Int Med 2005)

• Not all meta-analyses have shown this

• Shift in culture/guidelines 



2009 - ASBMT 

• Do recommend FQ prophylaxis in pre-engraftment adult HCT 
recipients

• Fine print
• Be aware of local epi

• Be aware of resistance to FQ

• Be aware of “selection for” ESBL-E

• Be aware of C. difficile infection 

Tomblyn et al, 2009



2010 - IDSA

• TMP-SMX: no longer discussed

• Quinolones
• Acknowledge that prior IDSA, CDC, German, Japanese, and ASBMT 

guidelines do not recommend prophy

• Acknowledge that current NCCN and ASBMT guidelines DO 
recommend prophy in high risk

Freifeld et al, Clin Infect Dis 2010



2010 – IDSA, recommendations

Drug
Neutropenic prophy

VS 2002
Recommendation Rationale and notes

TMP-SMX Not mentioned NA Removed

Quinolones

Should be 

considered for

high-risk patients 

with expected 

durations of 
prolonged and

profound 

neutropenia

Cipro = levo

Levo better if worried 

about mucositis/VGS

No need to add GPC 

agent too

Need to monitor FQ 

resistance, CDI

Now recommended!

Freifeld et al, Clin Infect Dis 2010



2011 - Australia

• Highlight conflicting mortality data from meta-analyses

• Highlight differing quality of meta-analyses

• Emergence of FQ-R GNR

• Emergence of VGS and other GPC with FQ prophy

• C. difficile infection

• Possibility of increased MDROs → need for carbapenems for 
NF?

Slavin et al, Intern Med J 2011



2011 – Australia, no prophy

Slavin et al, Intern Med J 2011

When is prophy futile?



2017 – ECIL insights

• 2007: ECIL recommended prophy, but concerned about resistance

• 2017: meta-analysis over span of 10 years

Mikulska et al, Journal of Infection 2017

Efficacy Resistance

Reduces BSI Laoprasopwattana et al, Pediatr

Infect Dis J 2013:

Increase in colonization with FQ-R 

Enterobacterales from 20% to > 

80%

Reduces NF Verlinden et al, Eur J Haematol

2014***

Stopping FQ prophy was safe, 

less FQ resistance

Does not reduce mortality in 

this meta abalysis, though do 

acknowledge that other meta-

analyses have shown a mortality 

benefit (e.g., Gafter-Gvili et al, 
Cochrane 2012 that would 

eventually be cited in the 2018 

IDSA/ASCO guidelines)

Chong et al, PLoS ONE 2014 Levoflox prophy → no impact 

on resistance

Increase in FQ-R GNR BSI? 20 studies, 3 showed + FQ-R 

GNR BSI (14 no R, 4 no data)

Increase in other MDRO BSI? 11 studies, 4 showed + VRE or 

ESBL-E (5 no MDRO, 2 no data)



2017 – ECIL insights

Verlinden et al, Eur J Haematol 2014

• Center (Belgium) had used FQ for decades

• Started observing FQ resistance

• This is what they did:
• Stopped prophy

• Became worried about increased infections 

• Resumed prophy after 8 months

• Looked at outcomes x 2 years 



2017 – ECIL insights

Verlinden et al, Eur J Haematol 2014

Prophy era “Prophy stopped” era “Prophy resumed” era

Neutropenic fever
72% 80% 72%

SIMILAR

Bacteremia
33% 33% 33%

SIMILAR

Mortality

17% 0 3.4%

More
Less (better overall 

care?)

Less (better overall 

care?)

Bottom line: stopping quinolone prophy was safe



2017 – ECIL insights

Verlinden et al, Eur J Haematol 2014

More GNR BSI without

FQ prophy…but more 

organisms were more S

Much less ESBL-E in stool

without FQ prophy

Bottom line: stopping quinolone prophy → more GNR bacteremia, but less MDRO



2017 – ECIL insights

Verlinden et al, Eur J Haematol 2014

• Nothing bad happened

• Deaths did not increase

• Less resistance

Stopped FQ prophy forever!



Long-term outcomes from same center

Verlinden et al, Eur J Haematol 2021

• Same center in Belgium, 7 years later

• No safety signal → continue the same

• ?Less MDRO → less ”sepsis”?

• Approach needs to be individualized based on center-specific 
variables

No prophy (589 pt) Prophy (80 pt)

NF 88% (MORE) 72% (LESS)

“Sepsis” 10% (LESS) 18% (MORE)

FQ-R 9% (LESS) 100% (MORE)

ESBL-E in stool 2% (LESS) 100% (MORE)

Bacteremia
More GNR More GPC

SAME

Infection-related mortality
1.2% 2.8%

SAME



2017 – ECIL insights: downstream MDRO?

Cumpston et al, Transplant ID 2012

What happened after these 2 centers STARTED FQ prophy?

Cumpston et al, Transplant ID 2012 Macesic et al, Transplant ID 2014

Less GNR BSI Increase in FQ-R

More FQ-R GNR Increase in ESBL-E 

Stable GPC BSI…but increase in VRE BSI Increase in VRE

No changes in other MDROs Increase in BSI 2/2 MDRO

No changes in C. difficile infection Less overall bacteremias

No changes in mortality No changes in mortality



2017 – ECIL conclusions

• No sufficient data to recommend reversing prior 
recommendations for prophylaxis

• Sounded the alarm
• “Antibiotic pressure has been invariably linked to an increase in bacterial 

resistance”

• “The potential benefit of lower rate of BSI is limited, has no evident 
impact on mortality and, most importantly, was demonstrated only in 
settings with low or moderate resistance”

Mikulska et al, Journal of Infection 2017



2018 – IDSA/ASCO, recommendations

Drug
Neutropenic prophy

VS 2010
Recommendation Rationale and notes

Quinolones Recommended

Reduction in mortality, 

febrile episodes, 

infections (Gafter-Gvili

et al, Cochrane 2012)

Cipro = levo

Levo better if worried 

about mucositis/VGS

No need to add GPC 

agent too

Need to monitor FQ 

resistance

Changed from “should 

be considered” to 

“recommended”

Freifeld et al, Clin Infect Dis 2010



2018 IDSA/ASCO – fine print

• FQ resistance very much acknowledged 

• < 1% to > 30% between 1990 – 2009 (Enterobacterales)

• FQ resistance and ESBL phenotype go hand in hand

• No threshold of FQ resistance at which prophylaxis deemed 
futile

• Possibility of C. difficile infection, colonization with VRE
• More VRE BSI?

Taplitz, et al, JCO 2018



2018 IDSA/ASCO – fine print

• Highlight 2016 FDA warning about FQ

• “Disabling and potentially permanent adverse effects”
• Tendons

• Muscles

• Joints

• Peripheral nerves

• CNS

Taplitz, et al, JCO 2018



2018 IDSA/ASCO – fine print

Taplitz, et al, JCO 2018

Risk

Benefit

(Resistance,

side effects)

(Less death)

• Justifies FQ prophy in acute 

leukemia and allo HCT

• Not in “lower risk” patients



2018 – FQ prophy and ESBL-E

• 312 HCT recipients (allo + auto)

• All receiving levofloxacin prophy

• 10%: perirectal colonization with ESBL-E pre-HCT
• 25% S to levo

• 30% of ESBL-E-colonized patients → ESBL-E bacteremia; 
all FQ resistant (ie there was no invasive disease with FQ-S 
ESBL-E)

Satlin et al, CID 2018



2018 – FQ prophy and ESBL-E

• In other words, only patients colonized with FQ-R ESBL-E 
developed invasive disease

• Authors hypothesized: 

Satlin et al, CID 2018

FQ prophy
Eradicates other 

enterics

Intestinal 
dominance with 
FQ-R, ESBL-E

FQ-R ESBL-E 
bacteremia 

during 
neutropenia + 

mucositis



Hypothetical bad scenario

FQ prophy
Eradicates 

other enterics

Intestinal 
dominance 
with FQ-R, 

ESBL-E

FQ-R ESBL-
E bacteremia 

during 
neutropenia 
+ mucositis

Ineffective 
empiric abx + 
Carbapenem 

overuse?

What to 
prophylax
with later?

How common is this really?

Is this really a nightmare scenario, or is it mostly manageable?



2019 – FQ and CR P. aeruginosa 

All with Pseudomonas bacteremia FQ prophy (n = 26) No FQ prophy (n = 29)

S to cipro 0 21 (72.4%)

S to meropenem* 4 (15.4) 21 (72.4)

S to cefepime, TZP, CAZ SAME

Hakki et al, CID 2019

*R = porin loss, upregulation of efflux pumps



2020 – FQ and MDR P. aeruginosa 

Gudiol et al, AAC 2020

• >1000 patients, 12 centers

• Use of FQ prophylaxis 

independently associated 

with future MDR P. 

aeruginosa bacteremia



2021 - ASTCT

• FQ prophy during neutropenia reduces Enterobacterales BSI in 
adults undergoing HCT 

• Resistance is a concern, but how much resistance do you 
need to have before FQ become ineffective?

• Also acknowledge risk of ESBL-E selection with FQ use

Satlin et al. Transplant Cell Ther . 2021



What about C. difficile infection?

Concerns repeated in the literature…but conclusive data in 
this population are lacking, and studies specifically looking 

at this in leuk/HCT are lacking



What about C. difficile infection?

• 573 allo HCT in Denmark

• 20% developed CDI

• Myeloablative regimens only risk; no effect of FQ



What about C. difficile infection?

No prophy Levo prophy Other prophy

N = 173 N = 69 N = 102

Shorter 

neutropenia

70% less odds of 

FN and BSI

[Cefepime*, cipro, 

vanc + cipro, vanc

+ cefepime (?)]

Reduced 

exposure to vanc, 

cefepime, and AG

95% lower odds 

of CDI!

*actually, cefepime 

prophy was 

associated with a 

higher rate of CDI

Maybe CDI risk was reduced by reducing the need for other abx?



What about C. difficile infection?

Wolf et al, CID 2018

C. difficile infection vs regimen 



What about C. difficile infection?

• Children

• 200 acute leuk

• 424 HCT (allo > auto)

Alexander et al, JAMA 2018

Randomized 

to levo prophy

Randomized 

to placebo

• Leuk: less bacteremia

• HCT: same 
bacteremia

• Same rate of CDI

• Same rate of 
musculoskeletal 
adverse events



What about microbiome?

• Marked shifts in gut bacterial populations following allo-HCT

• Metronidazole → VRE dominance (3x) → more VRE BSI

• FQ → 10X reduction in Proteobacteria (ie Enterobacterales)

• So FQ reduce GNR BSI by affecting the microbiome…but 
are there actually any downstream consequences of this?

Taur et al, CID 2012



FQ and GI aGVHD

• Pre/post analysis of allo-HCT recipients before and after stopping cipro 
prophy

• “Omitting prophylactic ciprofloxacin during allo-HSCT did not affect 
microbiome composition, lower GI-GVHD rate, or other significant 
clinical outcomes”

Daoud-Asfour, TCT 2022

FQ 
prophy

Dysbiosis
?GI tract 
aGVHD

Very limited studies 

looking at this



What about safety?

• Very few studies specifically address this in mal heme

• Existing studies: no safety signal 
• Karol et al, Cancer Med. 2020: no neuropathy

• Gardner et al, TCT 2021: no cardiac/QTc issues (also no increased CDI or 
aGVHD risk)

• Alexander et al, JAMA 2018: no tendon issues



There and back again…

Use FQ prophylaxis Do not use FQ prophylaxis

Reduce NF Resistance

Reduce infections Microbiome/aGVHD

Probably reduce mortality (some but not all 

studies; some but not all meta-analyses)
Side effects

Drugs are overall safe C. difficile infection

Most of these are “talking points”

Repeated over the decades

Not supported by data



Take home

Use FQ prophylaxis Do not use FQ prophylaxis Final assessment

Reduce NF 
Resistance (ESBL-E, VRE, MDR Pseudomonas; more 

so than just FQ-R GNR)
Valid concern

Reduce infections Microbiome and aGVHD risk…too many unknowns ? (data do not support)

Probably reduce mortality 

(some but not all studies; 

some but not all meta-

analyses)

Side effects: FDA warnings noted, but no safety signals in 

studies of mal heme
Not supported by data

Drugs are overall safe

C. difficile infection: data do not appear to higher than 

“background”

Risk is probably there, just not 

worse than expected

Ultimately, prophy is safe, but if you choose not to prophylax, there are data showing that 

this is safe and that your patients won’t die

• Arguments for/against prophy started with concerns of AMR with prophy in the 90s

• Prophy widely accepted now

• 30+ years later…some of the concerns about resistance are coming true, maybe

• Rest of concerns not really supported by the literature



• Learners can claim credit for today’s live CE activity by completing a 

MAD-ID evaluation before February 25, 2023

• You will a receive an email tomorrow from IDInsights@idctelemed.com

that provides a link to the required MAD-ID CE evaluation

• Future learners can claim CE credit by watching the recorded webinar 

and completing an enduring event MAD-ID CE evaluation. Both will be 

available on ID Connect’s website under News & Resources starting 

1/26/23
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Thank you!

We will now begin 

moderated Q&A
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