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Abstract

Background: Autologous hematopoietic stem cell transplantation (HSCT) recipients

are at increased risk of developing life-threatening infections. There is discordance in

published recommendations for timing of pre- and post-transplant antimicrobial pro-

phylaxis in this patient population, and these recommendations are unsubstantiatedby

any published comparative analyses.

Methods: An observational, pre- and post-intervention study of consecutive autolo-

gous HSCT recipients was conducted over a 2-year period. In the pre-intervention

cohort, antimicrobial prophylaxis was initiated on the day prior to transplant. In the

post-intervention cohort, antimicrobialswere initiated once absolute neutrophil count

(ANC) reached ≤500 cells/mm3. The primary outcome assessed was frequency of

febrile occurrences. Secondary outcomes included total days of prophylaxis, positive

blood cultures, all-cause mortality, Clostridioides difficile infection rates, and length

of stay.

Results: A total of 208 patients were included in the final analysis, with 105 and

103 patients in the pre- and post-intervention cohorts, respectively. The majority of

patients included were male. Lower rates of fever occurrences were observed in the

post-intervention cohort (83% pre- vs. 69% post-intervention; p= 0.019). A significant

reduction in the mean antibacterial days per patient was identified (9.7 vs. 4.6 days;

p < 0.001). Other than lower rates of febrile neutropenia in the post-intervention

cohort, no differences were identified in secondary outcomes. In multivariable anal-

yses, ANC-driven prophylaxis was independently associated with decreased febrile

events.

Conclusions: Delaying prophylaxis until severe neutropenia was not associated with

increased febrile events or other secondary clinical outcomes evaluated. This approach

is associated with a significant reduction in antimicrobial exposure.
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1 INTRODUCTION

Infections are a significant post-transplant complication in hematopoi-

etic stemcell transplant (HSCT) recipients.1 Patients undergoingHSCT

develop profound neutropenia following conditioning therapy and are

at an increased risk for febrile neutropenia.2 Infectious bacterial com-

plications occur in over 70% of transplant patients and are associated

with significant morbidity and mortality.2–6 Antibacterial prophylaxis

has proven to be beneficial in reducing rates of febrile neutropenia

and infection throughout the duration of neutropenia and may reduce

mortality.7–11 Additionally, randomized trials and large group analy-

ses have supported antifungal prophylaxis with fluconazole demon-

strating reduced invasive and superficial fungal infections, as well as

candidiasis-related deaths.12–14

While the role of antimicrobial prophylaxis has been well-

established, clinical data supporting the optimal timing for initiating

these agents in HSCT patients are limited.15 The American Society of

Blood and Marrow Transplantation guidelines recommend beginning

antibacterial prophylaxis at the time of stem cell infusion.16 The

American Society of Clinical Oncology (ASCO) guidelines recom-

mend starting prophylactic antibacterial therapy during the period

of neutropenia.17 Both guidelines are endorsed by the Infectious

Diseases Society of America (IDSA).16,17 This discrepancy on timing

of antimicrobial prophylaxis is of unique interest as neither guidance

document cites literature to support this nuanced difference. More-

over, this discordance in recommendation is seen in clinical practice.

A recent survey by the European Group for Blood and Marrow Trans-

plantation identified that 57% of respondents begin fluoroquinolone

(FQ) prophylaxis at the onset of conditioning as compared to 32% at

the onset of neutropenia.18

Currently, literature is limited regarding optimal timing for initia-

tion of antimicrobial prophylaxis in HSCT recipients. Patients are at

greatest risk of infection when severely neutropenic which typically

occurs several days following chemotherapy.19 Therefore, consistent

with ASCO/IDSA recommendations, prophylaxis may be optimized if

centered around the time of neutrophil nadir, rather than the time of

stem cell infusion.

Alignment of antimicrobial prophylaxis initiation at the time of

neutropenia may minimize unnecessary antimicrobial exposure. This

difference in antimicrobial utilization can have profound benefits

for HSCT patients and potentially influence antimicrobial resistance.

Antimicrobial exposure is associated with an increased risk of multi-

drug resistant organisms, Clostridioides difficile (C. difficile) infec-

tions, drug-drug interactions, toxicities, and dysbiosis.20 Consequently,

antimicrobial stewardship has implications for acute and long-term

outcomes in HSCT recipients.

To the best of our knowledge, there have been no comparative stud-

ies evaluating the timing of antimicrobial prophylaxis initiation and

outcomes in autologous HSCT patients. The aim of this study was to

determine whether initiating antimicrobials at the time of neutropenia

insteadof prior to stemcell infusion in autologousHSCTpatients is safe

and efficacious.

2 METHODS

2.1 Study design and setting

A retrospective chart review was conducted of all consecutive adult

HSCT recipients transplanted between November 2016 and Novem-

ber 2018 at a 900+ bed tertiary hospital. The Institutional Review

Board approved this evaluation. The change in antimicrobial prophy-

laxis timing was initiated in November 2017. The pre-intervention

cohort was defined as patients receiving antimicrobial prophylaxis

beginning day−1 before stem cell infusion (day 0) between November

1, 2016 through October 31, 2017, and the post-intervention cohort

wasdefinedaspatientswho receivedabsoluteneutrophil count (ANC)-

driven antimicrobial prophylaxis, defined as initiation upon ANC of

≤500 cells/mm3, beginning December 1, 2017 through November 30,

2018.

2.2 Patients

This investigation included patients admitted to an inpatient unit for

autologous HSCT. Patients were excluded if they were less than 18

years of age at the time of transplant, received an allogeneic stem cell

transplant, or had an ANC of ≤500 cells/mm3 prior stem cell infusion.

Patients were also excluded if they had an active infection, fever, or

received antibiotics prior to day −1 during hospital transplant admis-

sion. Lastly, patients were excluded if they deviated from the cohort’s

antimicrobial initiation approach.

2.3 Antimicrobial prophylaxis

Patients received levofloxacin 500 mg and fluconazole 400 mg daily

adjusted for renal function. Cefdinir or micafungin was the alterna-

tive option if the patient was intolerant to levofloxacin and/or flucona-

zole, respectively. All patients continued anti-herpes therapy begin-

ning on day −1. Antibacterial prophylaxis was discontinued upon neu-

trophil engraftment, defined as ANC ≥ 500 cells/mm3 following nadir,

or with the development of a febrile episode in which the febrile neu-

tropenia treatment protocol described below was initiated. Antifun-

gal prophylaxis was discontinued upon neutrophil recovery. Patients

received granulocyte colony stimulating factor (G-CSF), tbo-filgrastim,

daily beginning on day +7 and continued until their was ANC ≥

500 cells/mm3.
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2.4 Febrile neutropenia treatment protocol

At time of first fever, defined as 38.0◦C (oral) or above, a stan-

dardized protocol was initiated which included escalation to an

anti-pseudomonal beta-lactam (cefepime, piperacillin-tazobactam, or

meropenem), collection of two sets of blood cultures, a urine

culture, serum lactic acid and procalcitonin labs, a chest X-ray, intra-

venous fluids in the setting of hypotension, and discontinuation of oral

antibacterial prophylaxis. Anti-pseudomonal beta-lactams were con-

tinued throughneutrophil engraftment, completionof treatment for an

identified infection, or antibiotics were de-escalated after neutrophil

engraftment.

2.5 Outcomes

The primary outcome evaluated was febrile events, defined by a fever

occurrence of ≥38.0◦C, beginning day −1 through discharge from

HSCT admission. This interval was selected to account for engraft-

ment syndrome-associated fevers. Secondary outcomes were evalu-

ated from day −1 through discharge and included rates of febrile

neutropenia, Clostridioides difficile infection rates, in-hospital all-cause-

mortality, intensive care unit (ICU) admissions, bloodstream and inva-

sive fungal infections, utilization of prophylaxis, and treatment with

anti-pseudomonal beta-lactams. Length of stay was also evaluated as

a secondary outcome andwas defined as hospital admission from stem

cell infusion, (day 0) through discharge.

A bloodstream infection event was defined as one or more posi-

tive blood cultures obtained during a febrile episode and determined

to be a true pathogen versus contaminant by the transplant physi-

cian. Analyses further identified patients developing breakthrough

infections resistant to the prophylactic agent, as these patients could

theoretically develop bacteremia irrespective of timing of the antimi-

crobial prophylaxis. Antimicrobial susceptibilities were determined

following Clinical and Laboratory Standards Institute standards and

guidance.21

2.6 Statistical analyses

The sample size calculation was based on the primary outcome of

occurrence of febrile episodes. Previously published data suggest an

outcome rate of 77% with prophylaxis with a fluroquinolone.22 Using

an effect size of 20%, α value of 0.05, it was determined a priori that

a sample size of 98 patients was needed in each intervention group to

achieve 80% power.

A chi-square or Fisher’s exact test was used to compare the primary

outcome of febrile episodes and for other categorical data, includ-

ing demographic characteristics and outcomes. Student’s t-tests were

used for normally distributed continuous data, and Wilcoxon-rank

sum tests were used for non-normally distributed continuous data.

A multivariable logistic regression analysis for the primary outcome

of occurrence of febrile episodes was conducted. Age, hematopoietic

cell transplantation-specific comorbidity index (HCT-CI), intervention

group, days of neutropenia, and variables in the univariate analyses

with a p-value<0.1were entered into themodel (Table S1).23 To assess

association of intervention groups, hazard ratios (HRs)were calculated

with 95% confidence intervals (CIs) using Cox-proportional hazards

model and adjusted forHCT-CI, conditioning regimen, and days of neu-

tropenia. SPSS 24.0 (IBM Corp, Armonk, NY, USA) was used for all sta-

tistical analyses. Statistical significance was calculated using a p-value

of< 0.05.

3 RESULTS

Of the 351 transplanted patients, a total of 208 patients were included

in the final analysis (Figure 1). One hundred ten patientswere excluded

as they had undergone allogeneic HSCT, and 33 additional patients

were excluded due to deviation from intervention period protocol or

incomplete data.

Of the 208 autologous transplant recipients, 105 were in the pre-

intervention cohort and 103 in the post-intervention cohort. The

majority of patients were male (61%) with a mean age of 54 years. The

primary indication for transplantwasplasmacell disorders, followedby

non-Hodgkin lymphoma. No statistically significant differences were

identified in baseline characteristics between cohorts (Table 1).

A significant difference was observed in rates of febrile episodes

between the pre- and post-intervention cohorts (83% vs. 69%, respec-

tively; p=0.019). Three patients in both the pre- and post-intervention

cohorts developed fever prior to neutropenia (2.8% vs. 2.9%). Addi-

tionally, rates of febrile neutropenia were also higher in the pre-

intervention group (p = 0.032; Table 2). Characteristics of those with

febrile episodes and no febrile episodes are described in Table S1. In

multivariable analysis, treatment during the pre-intervention period

was independently associated with febrile events (aOR 2.71, 95% CI,

1.36–5.59; Table 3).

Time to first febrile event was shorter in the post-intervention than

pre-intervention cohort. However, the intervention group was not a

significant predictor in the Cox-proportional hazard model (Figure 2).

Duration of G-CSF use from stem cell infusion did not show a statisti-

cally significant difference between cohort groups.

Regarding secondary outcomes, rates of bloodstream infections

did not differ between groups (pre-intervention 8.6% vs. 14.5% post-

intervention;p=0.493).Nopatients in either groupdeveloped invasive

fungal infection. Only one patient developed E. coli bacteremia prior

to initiation of prophylaxis, which occurred in the post-intervention

cohort. Moreover, the rates of ICU admissions, hospital length of stay,

or in-hospital-all-cause mortality also did not differ (Table 2). Three

deaths occurred during the hospital admission; in the pre-intervention

cohort, one patient died of cardiac arrhythmia and the other due

to pan-resistant Pseudomonas bacteremia. One patient in the post-

intervention cohort died of influenza A pneumonia.

3.1 Antimicrobial utilization

The utilization of antimicrobials, both prophylactic and treatment, was

evaluated between the pre- and post-intervention cohorts (Table S2).

Across all transplant patients evaluated, significant differences were
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F IGURE 1 Flow chart of study population

TABLE 1 HSCT patient characteristics

Variable

Pre-intervention

n= 105

Post-intervention

n= 103 p-Valuea,b

Age; median (IQR) 58 (17) 56 (25) 0.430

Sex, male; n (%) 60 (57) 67 (65) 0.242

White race; n (%) 95 (90) 95 (92) 0.384

HCT-CI; median (IQR) 2 (3) 3 (4) 0.397

Pre-transplant diagnosis; n (%)

Hodgkin lymphoma 15 (14) 12 (12) 0.572

Non-Hodgkin lymphoma 25 (24) 28 (27) 0.577

Germ cell tumor 3 (3) 7 (7) 0.212

Plasma cell disorders 62 (59) 56 (54) 0.496

Conditioning regimen; n (%)

Myeloablative 100 (95) 101 (98) 0.259

Reduced-intensity/Non-myeloablative 5 (5) 2 (2) 0.445

History of multi-drug resistant organism; n (%) 2 (2) 0 0.498

Days of ANC≤ 500; median (IQR) 7 (2) 7 (2) 0.194

Number of GCSF doses per patient; median (IQR) 5 (1) 4 (1) 0.140

Abbreviations: ANC, absolute neutrophil count; GCSF, granulocyte-colony stimulating factor.; HCT-CI, hematopoietic cell transplantation-specific comorbid-

ity index.23

an (%) calculated using Fisher’s exact test.
bMedians, interquartile range (IQR) (displayed as difference betweenQ3 andQ1); calculated usingWilcoxon rank sum.

seen in utilization of prophylactic antibacterials and antifungals (Fig-

ure 3). Total antibacterial prophylactic days of therapy were 1021

and 439 in the pre- and post-intervention cohorts, respectively. This

accounted for a difference of 9.7 versus 4.6 days of antibiotic prophy-

laxis per patient (p < 0.001). Antifungal prophylactic days of therapy

also differed with a total of 1303 versus 679 antifungal days, which

was associated with 12.4 versus 6.6 days per patient when compar-

ing cohorts (p < 0.001). Total anti-pseudomonal beta-lactam days of

therapy did not differ significantly with 521 and 461 days of ther-

apy in the respective pre- and post-intervention groups, which was
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TABLE 2 HSCT clinical outcomes

Outcome

Pre-intervention

n= 105

Post-intervention

n= 103 p-Valuea,b

Febrile event; n (%) 87 (83) 71 (69) 0.019

Fever and ANC≤ 500; n (%) 85 (81) 70 (68) 0.032

Interval between transplant and fever; median (IQR) 7 (4) 6 (4) 0.034

C. difficile infection; n (%) 5 (4.8) 10 (9.7) 0.168

In-hospital-all-causemortality; n (%) 2 (2) 1 (1) 0.572a

Length of stay; median (IQR) 16 (3) 16 (4) 0.760

ICU admission; n (%) 4 (4) 7 (7) 0.371a

Bloodstream infection, n (%)c,d 9 (8.6) 15 (14.5) 0.493

Number of positive cultures per person; median (IQR) 2 (1) 1 (1) 0.300

Bloodstream infectionwith FQ-resistant organism, n (%)d 4 (3.8) 6 (5.8) 0.277

Bloodstream infectionwith ceftriaxone-resistant

organism, n (%)d
0 2 (1.9) 0.349

Abbreviations: ANC, absolute neutrophil count; C. difficile, Clostridioides difficile; FQ, fluoroquinolone; ICU, intensive care unit.
an (%) calculated using Fisher’s exact test.
bMedians, interquartile range (IQR) (displayed as difference betweenQ3 andQ1); calculated usingWilcoxon rank sum.
cNo fungal organismswere identified. Pathogens identified by blood culture can be found in Table S3.
dSusceptibility testing was conducted according to institutional clinical microbiological protocols.

TABLE 3 Multivariable analysis for febrile events

Adjusted odds ratio (95%

Confidence Interval)a p-Valuea

Pre-interventionb 2.71 (1.36–5.59) 0.005

HCT-CI 1.00 (0.84–1.20) 0.999

Non-Hodgkin lymphomac 4.81 (1.03–22.47) 0.046

Plasma cell disordersc 0.73 (0.22–2.47) 0.611

Days of neutropenia 1.00 (0.97–1.04)d 0.819

Age 0.97 (0.94–1.01) 0.101

Abbreviation: HCT CI, hematopoietic cell transplantation-specific comor-

bidity index.23

aCalculated using logistic regression.
bReference: Post-intervention.
cReference: Hodgkin lymphoma.
dOdds ratio for 1-day increase.

F IGURE 2 Febrile events over time in HSCT recipients who
fevered

associated with a non-statistically significant difference in therapy

days per patient (5.0 vs. 4.5 days; p= 0.365).

4 DISCUSSION

This study was the first of its kind to evaluate timing of prophylactic

antimicrobial initiation in autologous HSCT recipients. Our data sup-

port an ANC-driven approach to antimicrobial initiation and discontin-

uation, which appears to be safe and at least equally effective in pre-

venting febrile events in this at-risk population.

A large reduction in antimicrobial utilization was demonstrated

using the ANC-driven approach. Roughly 5 days of both prophy-

lactic antibacterial and antifungal therapy per patient were saved,

accounting for a significant overall reduction in total days of antimi-

crobial exposure. This practice is associated with a relatively higher

reduction in antimicrobial utilization compared to other stewardship

approaches.24–27

Interestingly, we saw fewer events of neutropenic fever when

antimicrobial prophylaxis was delayed until neutropenia; these rates

are consistent with what has previously been reported in the

literature.28 This finding was further validated in the multivariable

analysis. Although the direct cause for reduced febrile events cannot

be fully explained, this finding supports the safety of reducing antimi-

crobials. To our knowledge, there is sparse literature to suggest drug-

induced fever caused by levofloxacin and/or fluconazole. Furthermore,

these rates of FN are consistent with previously reported rates in the

literature.2

An appreciable difference in anti-pseudomonal beta-lactam use

between the pre- and post-implementation was not seen. Given that

the use of these broad-spectrum agents serves as a surrogate for fever
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F IGURE 3 Antimicrobial utilization

and infection, this finding reinforces the safety and efficacy of this

novel approach to prophylaxis.

Although the use of prophylactic antibacterial therapies has been

shown to decrease gram-negative bacteremia, infection-related out-

comes, and mortality, overutilization and unwarranted use of antimi-

crobials can be associated with adverse events in HSCT recipients.7–11

The well-established toxicities of FQs should be appreciated, along

with the decreased susceptibilities of gram-negative pathogens to this

drug class.28 Our study showed a 53% reduction in combined antibac-

terial andantifungal therapieswithout adversely impacting clinical out-

comes.

With the incorporation of nearly universal FQ prophylaxis in HSCT

patients, resistance continues to be a major concern.29 Overexposure

to FQs does not only lead to FQ resistance, but it has been shown

that FQ prophylaxis was an independent predictor for bacteremia

with breakthrough meropenem-non-susceptible Pseudomonas aerugi-

nosa isolates in this patient population.30

This study did not show a difference in rates of Clostridiodes difficile.

Of note, testing methodology at our facility did not change during the

period of this analysis. Given antibiotic exposure is not the only risk

factor for Clostridiodes difficile in HSCT patients, the abundance of data

surrounding the reduction of FQuse and the impact onClostridiodes dif-

ficile rates in other larger scale studiesmust be acknowledged.31 These

rates ofClostridiodes difficile are consistentwith previously reported lit-

erature, but we hypothesize that larger sample sizes may have showed

an appreciable difference in Clostridiodes difficile infections.32,33

This study is notwithout limitations as it is a single center, retrospec-

tive, non-randomized, and unblinded investigation. As with pre- and

post-intervention analyses, undetected confounding factors impact-

ing outcomes could have been introduced. Because interpretation of

cultures from non-sterile sites (i.e., sputum, urine, skin) can be vari-

able, our definition of infection only included positive blood cultures.

It is possible that other microbiologically significant infections were

not identified with this focus, although our primary outcome of fever

may have captured these patients. Our analysis serves as a founda-

tion to a better understanding of where antimicrobial stewardship in

HSCT impacts patient outcomes and may stimulate further investiga-

tions, including in the allogeneic HSCT population where the intricate

synergism of the gut microbiota and risk for graft-versus-host disease

is of particular interest.34–36
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5 CONCLUSION

Utilizing an ANC-driven approach to guide antimicrobial prophylaxis

initiation appears to be feasible and safe in this highly immunocom-

promised population. This approach is associated with a reduction in

antimicrobial exposure. These results support ASCO guideline rec-

ommendations for initiation of antimicrobials upon neutropenia and

suggest opportunity in reducing unnecessary antimicrobial exposure,

which may have numerous deleterious downstream effects in HSCT

patients.
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