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Cytomegalovirus (CMV) remains the most important viral pathogen in patients after allogeneic haematopoietic

cell transplantation (HCT), resulting in morbidity and mortality. The European Conference on Infections in
Leukaemii (ECII) brings together experts in several fields to produce evidence-based recommendations from

comprehensive literature .*i"*r. Management of CMV has been addressed twice before; the previous guideline

updite from the ECIL was published in 2019. The 10th ECIL meeting in 2024 addressed new developments in
CMV management after allogeneic HCT and recommendations are presented in this Review. Management

recommenditions include diagnostics, such as immune monitoring, antiviral prophylaxis with letermovir,

management of resistant and refractory CMV infections, and paediatric aspects of CMV management.

Furthermore, the 10th ECIL introduced recommendations for two new categories: patients treated with chimeric

antigen receptor T cells or treated with bispecific T'cell-engaging antibodies.

Development of recom mendations
The methodology for ECIL guidelines has been
previously published.' A working group was convened
and divided into teams who searched MEDLINE for
papers published from lt:Jy 1,20U, to fune 30,2024, on

several subtopics.
The relevant shrdies were analysed, with particular

attention given to the study design, the population, and the

endpoints. Recommendations were developed and graded

on the amount of evidence and strength of the
recommendation according to the European Society of
Clinical Microbiology and Infectious Diseases grading

system (appendix p 1).u The whole working group reviewed

all provided materials and proposed recommendations.
These suggested recommendations were presented in a

plenary session ofthe ECIL 10 at Sophia Antipolis, France

Key messages

. Cytomegalovirus (CMV) serostatus should preferably be

assessed both at diagnosis ofthe underlying disease and

closetothe planned allogeneic haematopoieticcell

transplantation (HCT)

. Letermovir is recommended as the stntegy of choice for
CMV primary prophylaxisto prevent CMV reactivation for

CMV-seropositive adult allogeneic HCT recipients
. Letermovir should be considered as CMV prophylaxis in

children at high risk undergoing allogeneic HCT

. Maribavir is effective fortreatmentof resistant and

refractory CMV infection and disease and is associated

with lower riskfor serious side-effects than previously

used antiviral drugs, primarily gancidovir and foscarnet
. CMV infection should be considered in the management

of patienstreated with chimeric antigen receptotT cells
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lntroduction
Cytomegalovirus (CMV) remains the most important
viral pathogen in patients after allogeneic
haematopoietic cell transplantation (HCT). CMV
replication is strongly associated with increased
mortality early and in long-term survivors after
allogeneic HCT, even in the modern era.r' Substantial
progress has been made in diagnostics for surveillance
and prevention of CMV disease. Nevertheless, the

outcome of established CMV end-organ disease

remains poor.
Although CMV-associated morbidity is higher in

adults, CMV infection also impacts the clinical outcome
in children.r' CMV affects ttp to 4O%o of paediatric
recipients of haematopoietic cell transplants at a median

of 20-40 days after transplantation. Some data suggest an

even higher incidence of CMV reactivation in children
than in adults and a higher risk of direct and indirect
effects.ln

New therapies for haematological malignancies are

available, especially chimeric antigen receptor (CAR)

T cells and bispecific T-cell-engaging antibodies, and

their use is increasing rapidly. Both therapies can result

in T-cell suppression and thereby be risk factors for CMV
reactivation and possibly symptomafic CMV infection
and disease.

The European Conference on Infections in Leukaemia
(ECIL) develops management guidelines for different
infections. Recommendations regarding the manage'
ment of CMV were last published in 2019.' This
current update reflects the developments in the field
since the last published guidelines, including new
patient groups, especially patients treated with CAR

T cells and patients treated with T-cell-engaging
antibodies.
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Panel t Proposed alternative terminologyto CMV

serological status

Pre-HCTCMV positive status is defined as:

. Patientswith positive pre-transfusion serology

(at diagnosis ofthe underlying disease or before receiving

more intensive theraPY)

. Patients who, before allogeneic HCI, had CMV detected

from any site, including patientswith CMV disease

. Patients without a pre-transfusion sample who are

seropositive in the pre-HCT sample (as defined bythe

locally used assay)

Pre-HCT CMV negative status is defined as:

A patient in whom both pre-transfusion (ifapplicable) and

pre-HCT sampleswere CMV seronegative and with no CMV

detected before HCT.

Pre-HCT CMV unceitain status is defined as:

Patients who are CMV seronegative at diagnosis ofthe

haematological disorder but have CMV indeterminate

serology in the pre-HCT evaluation (as defined bythe locally

used assay) or patients without a pre-transfusion serology

butwho have aCMV indeterminate serology inthe pre-HCT

sample.

HCT=haematopoietic cell tnn5pliltation. CMV=cytomegalwlrur

(Sept 20-21, 2024) consisting of 54 exPerts from
19 countries representing infectious diseases, clinical

microbiology, virology, paediatrics, and haemato-oncology.

The recommendations were discussed until a consensus

was reached and subsequently made available on the ECIL

website ftom Oct 7 to Nov 8, 2024 for open consultation'

Results
Diagnostics and monitoring
Determinotion of CMV risk status in Patients underyoing HO
CMV serological status is one of the basic biological
parameters that must be assessed before allogeneic HCT
on all patients and their donors. Before transplantation,
HCT recipient CMV serostatus remains the most
important predictor of CMV reactivation after allogeneic

HCT? and is one of the critical criteria used for donor
selection as CMV serological status of patients and

donors strongly influences the outcome of HCT.5 More

recently, CMV seropositivity in the recipient was found
to be a negative risk factor for overall mortality in
patients infected by SARS-CoV-2 who are undergoing
allogeneic HCT.' In the preJetermovir era, CMV-

seropositive patients had Poorer outcomes than
seronegative patients,xlo presumably due to the adverse

direct and indirect effects of CMV replication.' Different
real-world studies have shown that letermovir could

level the mortality disparity between Patients who are

CMV seropositive and seronegativeru' and reduce the

incidence of resistant and refractory CMV infections.t'

Standard practice is determining the presence or
absence of CMV-specific antibodies before allogeneic

HCT.'? The interpretation of both positive and negative

results has important limitations in situations where

antibodies are passively administered, such as transfusion

of plasma products, induding immunoglobulins, or
transfer of matemal antibodies in newboms, converting a

patient without previous CMV exposure into CMV
seropositive. In a patient previously infected with
CMV insufficient production of CMV-specific

immunoglobulins, common in several haematological

and immunodeficiency diseases, can give negative

results, dassifying the patient as CMV seronegative

despite harbouring a latent virus. These two opposite

situations might result in false CMV seropositivity or
false CMV seronegativity, with implications on selecting

the best donor and the appropriate CMV preventive

strategy. CMV-specific T-cell assays can be used to help
establish previous CMV exposure and, consequently,

CMV latent infection status of patients and donors.

However, according to the American Society for
Tlansplantation and Cellular Therapy guidelines,

insufficient data exist to recommend these immune-
based assays for this purpose.T

Several retrospective studies in patients undergoing

HCT'* have analysed the problem of biologically false-

positive serological cases, indicating that samples from
close to the time of HCT are likely to overestimate the

rate of seropositivity by approximately 72-25/o. In
populations with a high baseline rate of seropositivity,

the overestimation risk is likely to be lower. Less

published evidence is available for the risk of false

seronegativity, but one study reported the risk to be

approximately 2/"." Yte therefore ProPose to use the

terminology outlined in panel 1 instead of CMV
serological status.

CMV screening and monitoring
Measurement of CMV DNA load in peripheral blood by

quantitative nucleic acid testing (QNAT) is the preferred

technique for managing CMV infection in allogeneic

HCT recipients. The pp65 antigenaemia assay is less

sensitive but can be used if a QNAI test is unavailable. A
wide array of commercial CMV QNAT assays validated

for peripheral blood is available, most of which have

been approved or CE-marked by regulatory agencies-

Calibration to international units (IU) by use of the first
WHO-approved standard is recommended that is

integrated into automated platforms because it reduces

the overall interassay and inter'laboratory differences in
CMV DNA loads on average to less than 0'5 log,o.

However, some commercial assays deviate by

1.5 log,o IU/mL or more.'7'o

Whole blood and plasma specimens are equally

suitable for CMV DNAaemia screening and monitoring.
Although CMV DNA loads measured in whole blood and

plasma correlate well,'-zt those in whole blood tend to be
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higher than in plasma.'q" Ultimately, this correlation still
depends on the starting volume, elution volume, and,

importantly, on total DNA content and extraction

capacity, which varies depending on the number of
peripheral blood leukocytes."

Kinetic analyses of plasma CMV DNA loads (eg, CMV
DNA doubling time) can be a valuable parameter for
guiding the start of pre-emptive antiviral treatment.22-24

Specifically, a viral DNA load doubling time of less than

2 days predicts the eventual need for pre'emptive

therapy.'zr'?r In turn, timely initiation of pre'emptive

antiviral therapy can reduce the overall days needed on

antiviral therapy, the associated side'effects and costs,

and progression to CMV disease (deflning pre-emptive

strategy failure)." Due to the centre-specific use ofthese
parameters, no generalised recommendations on

thresholds and kinetics can be made. Nevertheless, most

experts agree that more than 0'5 log,o changes in CMV

DNA loads are clinically significant ifthe same laboratory

matrix, and CE-marked and approved QNAT assay are

used.

Use ofCMVQNATossoys in sam ples otherthonbloodforthe
diognosis of CMV diseose

CMV DNA might not be detected in blood from patients

with CMV disease (especially in the gastrointestinal tract

or in cases with retinitis). Most currently available

commercial CMV QNAT assays have not been approved

or CE-marked for clinical specimens other than
blood, such as bronchoalveolar lavage fluid (BAIF),
cerebrospinal fluid (CSF), tissue (biopsies), vitreous or

aqueous humows, or stools. The US Food and Drug
Administration-approved or CE-marked multiplex PCR

assays, including CMV as a target providing qualitative

results, are available for CSF. Since studies that use

commercial assays to define thresholds in non-blood

specimens are not validated for the purpose oflaboratory-

developed tests, many experts consider a positive CMV

DNA result informative for CSF, tissue samples, or

vitreous or aqueous humour. By contrast, BALF and stool

samples are difficult to interPret without normalisation;
for example, normalising per millilitre of standardised

diagnostic BALF volume (eg, 50 mL), per 150000 diploid
cell equivalents, or per microgram total DNA''zs

Testing f or ontiviol r esistan ce

The presence of antiviral resistance is established in
dinical practices by genotypic assays. DNA sequencing

by Sanger sequencing or next-generation sequencing can

be used to screen for the most common resistance

mutations on specific codons. The genotyping assay

should include all the genes involved in the antiviral

mechanism of action. Sequencing of full'length genes is

necessary to detect all resistance mutations and new

mutations. An updated list of lcrown mutations and their
impact can be retrieved in the intemational database

available.'6'7 The level of resistance conferred by a new

Pcnel2: Recommendations forantiviral resistancetesting

graded according to the European Society of(linical
Microbiology and lnfectious Diseases grading system

. Resistance during primary letermovir prophylaxis in HCT

recipients is uncommon. Since detection of mutations

that might prevent further use of the drug is important,

genotyping for resistance, ifavailablg could be done

when pre-emptive theraPy is started dueto increasing

cytomegalovirus DNAviral load (gnde Bll).

. Genotyping should be done in any case of non-response

to allow adjustment of further therapy (grade All). ln case

of refractory infectiont treatment should be adjusted

without waiting for genotyping results (grade All).

. Genotyping for resistance should include sequencing all

target genes by either Sanger or next-generation

sequencing (NGS) methods, although the emergence

capacity of low-level mutations detected by NGS should

be confirmed by repeated testing (grade Bllt).

. Repeated genotyping i5 recommended if the viral load

does not improvewithin 2 week of appropriatetherapy

(grade Blll).

. Genotyping results should be combinedwith clinical

interpretation to guide clinical decision (grade Bllt).

mutation is defined by recombinant phenotyping by

transferring the mutation to a wild-type recombinant
virus and measurement of the half maximal effective

concentration (known as ECro) increase conferred by the

mutation compared with the parental wild-type strain.

Specific laboratories with such expertise can perform
such analyses. Recommendations for antiviral resistance

testing are shown in parrel2.

CMV immune monitoring
Immrlne responses protecting against high-level CMV
viraemia and CMV end-organ disease in allogeneic HCT
involve both innate and adaptive mechanisms' Functional

CMV-specific T cells targeting a wide variety of viral
proteins, among which pp65 and IE1 are immuno-
dominant, are primed upon CMV replication.* Several

ex-vivo immunoassays have been developed to assess

CMV-specific cellular-mediated immunity (CMV-CMI).

Flow cytometry-based assays enumerate CMV-specific

CD4- and CD8- T cells in peripheral blood mononuclear

cells or whole blood producing one (monofunctional) or
more (polytrrnaional) intracellular cpokines uPon

antigenic stimrllation. These assays lack standardisation

and extemal validation (laboratory-developed procedures).

Other assays based on flow cytometry enumerate CMV-

specific T cells (usually CD8. T cells) binding HIA-I
multimers coupled with CMV immunogenic peptides."

CMV-CMI can also be measured by cpokine release

assays based upon enzyme'linked immr.rnospot

technology (ELISpot) or cytokines quantitation in plasma

m.thelancet.com/infection Vol 25 August 2O25 e453



Review

by ELISA.'. Assays measuring interferon 1 (IFN-y)

release, such as the IFN-y release assay (IGRA), have

been commercialised and are standardised, simple to
perform, robust (within-assay variation <15%o), and
potentially automatable. Importantly, qualitative agree-

ment and quantitative correlation between the results

returned by commercial IGRAs are fairly good, although

not entirely interchangeable." Additional information is
in the appendix (pp 1-2).

Several non-interventional studies have collected a

large body of evidence using the aforementioned

commercially available immunoassays. The studies

suggest that peripheral blood concentrations of IFN-1-

producing T cells that are specific to CMV measured at

early (within the first 100 days) or late stages (after

100 days) after allogeneic HCT act as a reasonably reliable

marker of protection against clinically significant CMV
infection (CS-CMVi), recurrent CMV DNAaemia, and

CMV end-organ disease, most notably in the absence of
severe acute graft-versus-host disease (GVHD) requiring
high corticosteroid doses.'"'u

Screening and monitoring of CMV-CMI might be

useful in managing CMV infection in the allogeneic

HCT setting, potentially allowing personalised or

targeted strategtes. However, possible interventions
based on CMV-CMI assessments are not supported by

randomised interventional clinical trials. Therefore, the

use ofthese techniques with current evidence is seen as

optional, and further controlled interventional trials
are needed. Recommendations for diagnostics and

monitoring are shown in table 1.

Prevention of CMV disease and complications
Antivial prophyla<is

Letermovir prophylaxis has, since its introduction in
2018, become the standard for preventing CS-CMVi in
adult seropositive allogeneic HCT recipients. The pivotal

study showed not only reduced risk for CS'CMVi, but

also reduced all-cause mortality.T " Many real-life studies

have been published and summarised in a systematic

review and meta-analysis, confirming the reduction of
CS-CMVi and of CMV reactivation and CMV disease'"

Furthermore, the effect on all-cause mortality was

confirmed, but there was also a decrease in non-relapse

mortality and acute GVHD.'Although no randomised

controlled trial has been performed regarding the best

time to start letermovir, a delayed start has been shown to

confer a risk for CMV reactivation occurring before

initiation of prophylaxis.* In patients undergoing
letermovir prophylaxis, non-encapsidated and frag-

mented CMV DNA can be detected in blood without
evidence of bona fide CMV infectionn'-ie, letermovir
blips. These blips has been pardy attributed to the

mechanism of action of letermovir, which interferes with
the excision of linear genomes from concatemers

generated by rolling circle replication of the circularised

intranuclear CMV genome.o'The CMV DNA loads in

patients under primary letermovir prophylaxis that
develop selfresolving CMV DNAaemia episodes usuah
do not exceed 1500 IU/mt in plasma or 10000 IU/mL in
whole blood.nr4r'* This phenomenon is not a sign of a

breakthrough infection or leterinovir resistance, and pre-

emptive therapy can be withheld.
One randomised, placebo-controlled trial studied the

effects ofprolonged letermovir prophylaxis for 200 days

and reported an effective reduction in the risk for
CS-CMVi during the duration of prophylaxis. However,

reactivations occurred later in the letermovir'treated

group, resulting in no difference at 48 weeks after

allogeneic HCT..' Moreover, mortality did not differ.

Some centres have given an even longer duration of
letermovir prophylaxis for patients at high risk.'r* The

side-effect profile with letermovir has remained

favourable, and the drug'drug interactions ate

manageable with therapeutic drug monitoring performed

according to recommendations.
No controlled study has been done in CMV-seronegative

patients, and letermovir is not recommended regardless

of dotror CMV status. Based on the superior efficacy and

low risk for severe side-effects of letermovir compared

with other options for antiviral prophylaxis in adults,

other alternatives can only be recommended in cases

where letermovir cannot be used.

Secondary prophylaxis with letermovir after a treated

CMV reactivation has not been prospectively studied in a

controlled setting. However, uncontrolled and retro-

spective studies reported that it might also be effective.{*'

Letermovir resistance is uncommon during primary
prophylaxis in HCT recipients, with a reported

incidence below 2"/o in phase 3 trials.'o It might be

higher when used for secondary prophylaxis.4

Treatment breakthrough (temporary suspension of
treatment, malabsorption, or any other cause leading to

low drug concentrations) was reported as a specific risk
factor for the rapid emergence of letermovir resistance

during both primary and secondary prophylaxis-""
Recommendations for antiviral prophylaxis in adults

are summarised in table 2.

High doses ofacyclovir or valaciclovir have been shown

to reduce the risk of CMV infection in randomised trials,

including adults and children.s*" Furthermore,

ganciclovir reduced the risk of CMV disease compared

with placebo in a randornised trial including adults and

children;t' however, neither acyclovir nor ganciclovir

exerted an effect on survival, and no difference was found

when ganciclovir was used as prophylaxis or pre-emptive

treatalent.
Letermovir is also changing the paediatric landscape.

Reported real-world data for letermovir as Primary or

secondary prophylaxis confirm its safety and efficacy in
preventing CMV infection after HCT in the paediatric

population at high risk. Incidence of CS-CMVi in CMV'

seropositive patients receiving letermovir prophylaxis

ranges up Io 9.8o/o in the 6 months after HCI and no
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ESCMID

grade

CMV risk stat6 detemination

All patients and donors should betested forCMV lgc antibodies

CMV serology in allogeneic HCT candidates should be done attwo timePoints

At diagnosis ofan underlying disease, which might be an indication for an allogeneic HCT, and before any blood transfusion is administered

lf no CMV serology result is available at the time ofdiagnosis, any available stored pre-transfusion samples should be tested

Before HcT, closeto the transplant

cMV PcR before HCT is recommended

Clinicaljudgement should be used to decide on whetherto administer anti-CMV proPhylaxis in patients with unclear CMV status; these

patients needto be monitored as patients who are CMV seropositive

Screorlng and monitoring

All CMV D+/R+, D-lR+, and D+/R- allogeneic HCT recipients should be monitored forCMV DNA load in Plasma orwhole blood by QNAT

Monitoring for CMV DNAaemia is recommended for allogeneic HCT recipients receiving letermovir prophylaxis

Less frequent monitoring can be considered, especially in CMV D-lR-allogeneic HCT recipients undergoing low orstandard risk HCT because

the risk ofprimary infection and the incidence of end-organ disease are low ifthe administration of CMV-safe blood products can be usured

Monitoring ofCMV DNAaemia should be done at least once a week for the first 100 days after the transplant

Extended monltoring for CMV DNAaemia is recommended for at letrt another 3 months in patients at higher risk, such as those having

undergone mismatcied, cord blood, or haploidentical HCT, T-cell depleted patients, Patients on steroids, patients with ongoing GVHD, and

patients with previous ePisodes ofCMV DNAaemia

Monitoring should be extended in patients with chronic GVHD requiring more intensive systemic immunosuppression, or in those with

persistent immunodeficiency according to the perceived clinical risk for CMV reactivation and disease

Monitoring ofCMV DNA load for a given patient should be done with the same specimen type (plasma or whole blood) and QNAT platform

CMV DNA load values for initiating pre-emptive antiviral therapy should take into account the QNAT platform used, the matrix chosen for

CMV DNA quantification, the associated risk ofCMV-disease, and the presence or absence of antiviral prophylaxis

For a given patient and transplant centre, screening and monitoring ofCMV DNA loads should be done with the same QNAT platform and

typu oirp".irun ,nless there are specific reasons to suspect underperformance of a given matrix indicating comparison of both plasma and

whole blood

Changes in CMV DNA load in plasma or whole blood (>0.5 log,o) can assist in making decisions as to when to initiate pre-emptive antiviral

treatment

CMV immune monitoring

The main applications ofthese rsays may include

Extending or shortening the duration of primary letermovir prophylaxis

Withholding therapy for low-level viral loads

To identit patientsthat might benefit from secondary letermovirprophylaxis

For fiJture non-interventional or randomised studies assessing the clinical value of monitoring CMv-sPecihcT-cell responses that produce

tFN-y in the management ofCMV infection, the use of commercially available CMV IGRA that were investigated in clinical settings is

preferable overflow cytometry-based immunoassays developed in laboratories

CMV=cytomegaloviu. EsCMID=Eurcp€an Striety for Clinial Microbiology nd lnfectious Di*ffi. lgc=immumglobulin G. HCT=hamatoPoietic celltcnsplant

D+/R+=donor sropositiw, ffiipient seropositjve. D-/R+=donor *ronegawe, Eipient smpositive. D+/R-donor seroPositive, KiPist sercregatiw. D'/X*donq

seroneqatjve, redpient spregative. QNAT=quantitativ€ nucleic acidtsting. GvHD=graft-veEus-host dis€s€. IFN-Y=interferon Y. IGRA=IFN l relece my.

Tqbr, t R€comend.tlons rcgading CMV status assessm€nt' screenlng, and monitoiing
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Allu
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cil

clr

increased incidence ofother viral reactivations has been

recorded. An impact on survival of letermovir in
standard risk patients still needs to be defined.'lttto

Although no randomised trial is available, one phase 2b

study on prophylaxis with letermovir in children

reported a similar incidence of CS-CMVi (24'0%) until
week 24 after HCT in the adolescent population (aged

12-18 years) to the pivotal Phase 3 study in adults

(37-5yo).*'uo Preliminary results of this ongoing trial
showed an incidence of CS-CMVi of 1l/o unnl week 24

in 63 seropositive Paediatric Patients receiving

letermovir.6l Additional recommendations regarding

antiviral prophylaxis in children are summarised in
table 2.

Treatment of CS-CMVi after ollogeneic HO
Since the last set of ECIL recornmendations was

published, the term CS-CMVi, defined as the use of pre-

emptive antiviral therapy or the development of CMV
disease, has been introduced. This endpoint was first
used in the pivotal letermovir trial and has been included
in rhe 2024 published definitions of CMV infection and

disease.u'

A viral load threshold cannot be defined for CS-CMVi

at different centres because Patient grouPs vary greatly.

Such a threshold might be locally adapted according to
well known risk factors and the analytical Performance
ofthe used assay. In a 2024 published systematic review

of randomised and observational studies, Pre-emPtive
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ESCMID grads

Adult Children

LetermovirisrecommendedasthestrateryofchoiceforpreventingCMVfotCMVPrimaryprophylaxisforCMVseropositiveallogeneic Al Blla

HCT reclpients

Letermovir prophylaxis should be started as early as feasible after allogeneic HCTto reduce the risk of early reactivations

Letermovir should be started no laterthan day 28 aftertransplantatlon

Prophylaxis should be continued for at least 100 days after HCT

Extended prophylaxis should be considered in patlents at high rlskforCMVdisexe and can continue to at least 20O days after

trd nsplantation

For some individuals, prophylaxis for longer than 2OO days aftertransplantation can be considered ifthe treating physicianl

judgement isthatthe benefit is strongerthan the risk

Drugdrug intenctions should be coroideredwhen giving letermovir proPhylilis

Letermovir blips (single test low-level DNA positivity in plasma orwhole blood samples occurring especially early during letermovir

prophylaxis) aie comhon; interruption of letermovir prophylaxis is not recommended unlessthere are repeated positive samples

showing increased viral load

primary letermovirprophylaxis in patients wlth CMV negative statut regardless ofthe donolserostatus, is not recommended

After discontinuation of letermovir prophylaxis, secondary prophylaxis with letermovir can be considered

After successful treatment (negative QNAT test) of a CMV reactivation in patients perceived to be at increased risk for CMV disease

lnpatientswho,forsomereason,havenotreceivedprimaryprophylaxisandhavereactivatedCMVthathrbeensuccessfullytreated Bll

prophylactic valaciclovir could be used if letemwir prophylilis is not used 6 primary Prophylaxis for CMV sercPositi\re allogeneic HCT Cl

recipienB

The use of valganciclovir, ganciclovi r, intravenous immunoglobulin, or foscarnet as proPhylaxis against CMV reactivation is generally Dll

not recommended

Bil

AI

AI

BI

No data

No data

Allu

clil

ctft

cllt

Dilt

cil clll

8!

Bil

Dil

Bil cilt

cilt

cllt

ort (Gcv),

Dilt (FOS),

Dilr(rvrG)

ESCMID=Europ€n Sciety for Cliniel Mimbiology and lnftctiom Dis6s. CMv=cytomegalovirus. HcT=haematopoietic cell ttrsplilt QNAT'quantitatiw nucleic add

testing. GCv.ganciclovir. FOS=fosmet, MG.intrryenous immunoglobulin.

Ioble2; Recommendationsfor antivirel pmphylaxis ln adults and children

antiviral therapy started at CMV DNA load thresholds
between 2log,0 IU/mL and 31og10 IU/mLwere associated
$dth similar rates of CMV disease.'3 However, factors

dependent on centres, assays, and patients, and the
appropriate sample size needed, are acknowledged as

limitations. No consensus exists on when to discontinue
the pre-emptive antiviral therapy. Depending on the

assay sensitivity, discontinuation after one CMV DNA
result decreasing to below the limit of detection (LOD)

for highly sensitive assays or two sequential CMV load
results below the LOD I week aPart have been reported.

Each centre should have a working definition in its
standard operating Procedures to guide the start and

end of pre-emptive therapy. This procedure should
include patients on letermovir ProPhylaxis and those

who have discontinued or never received it. Of note,

even low viral loads affect outcomes in patients not
given prophylaxis and after prophylaxis has been

discontinued.rt
Recommendations regarding drugs to use for Pre-

emptive therapy are mainly unchanged since ECIL 7,'

except for the addition of maribavir as an altemative in
some patients. Maribavir as firstJine pre'emptive therapy
was compared with valganciclovir in a randomised

controlled non-inferiority trial. Both drugs were given for
8 weeks.' The study did not show non-inferiority
(confirmed viraemia clearance: valganciclovir V'4%" vs

maribavir 69.6%1, although bone marrow toxicity was

lower with maribavir. Of note, both drugs were given in a
median of approximately 55 days (54 rrs 56), which is
longer than the usual duration of pre-emptive therapy

with valganciclovir. ECIL 10, therefore, recommends that

maribavir be considered for patients with neutropenia

who cannot be treated with valganciclovir (BI) or patients

with renal function impairment who foscarnet (BII) is
not appropriate for.

Most available data come from uncontrolled studies

involving both children and adults; therefore, recom-

mendations for firstline CMV treatrnent in paediatric

patients do not differ substantiah from those Previously
published.'

Management of resistant or refractory CMV, including
management of cMV disease

First-line treatment of CMV diseose

The previous ECIL recommendations for the treatment

of CMV disease have not been changed excePt for
refractory CMV disease. The updated 2024 definitions of
CMV disease should be used when studies on this topic

are performed and reported.6'z

Manogement of resistont or refractory CMV

Resistance to the previously commonly used antiviral

drugs remains infrequent in HCT recipients,6t66 between

0%o and I5o/o, and usually only emerges after several

weeks of therapy and after treatment of several ePisodes
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5uspicion of refractory or resistant CMV

Switch drug class

Ask for rgistance genotyping
Reduce immunosupprssion, if possible

ReiactoryCMV
withow kntrn
16istant
mutauons

Optimietion of
vcCVorGcV
doeg€

switchto MBVS 6
next option

lnvstigative
agentl including
CMVT cells

UL97 mutations

Re5istance to
MBVi

High rsistanceto
GCV*

Low Eistance to
GCVi

High dose GCVS

MBV! asfi Ftiine therapy if risk of toxicity,

except neurological or ophthalmic disese

and in combination iflife-threateninq disde
or high CMVviral loads

GCV,* FOs,

orCDVas nst
option

FOS orCDV as nextoption

UL54mutatioro

R6istanceto FOs Rsistance to GCV,

FOt and CDV
Rgistance to GCV

and FOS

Rgistanceto GCV,

cDV or both

Stop FOS and start
GCV dce 5 mg/kq
sery 12 h or MBV

MBVSUd
considu adding

alt€mative
agentsll such o
CMV T ells when
awilable

MBVS if risk of toxicity, qcpt neurological or
ophthalmicdiem md in combimtion if
life-thrcatening diseor high CMV viEl
lmds

llrctigative
agentt lncluding
CMVTcells

lnvestigative
agots includlng
cMV T ells

Seek spxial accss orilial Participation fot
inwstigatire agents, including CMVT cells

Figure: Algorithm for management ofrefractory or resistantCMV infection

artesunate, donor lymphorytes (under evaluation), or other CMv-activatedT cells. .*Check for infrequent but possible cross-resistance.

CMV therapy. The rate of maribavir resistance in the

pivotal trial for treatrnent of Patients with resistant or
refractory CMV infections was 26/o in a PoPulation
including solid organ transplant and HCT reciPients,T'u

substantially higher than documented during first-line
pre-emptive therapy.z Maribavir resistance was associated

wrrh17% of recurrences after completion of the 8 weeks

oftreatrnent,48%" ofrelapses while on therapy, a d86yo

of non-response cases with increased viral load;

genotyping should be performed in these situations."
Foscarnet is an altemative theraPy for resistant or

reftactory CMV infections, especially those located in the

CNS and eyes, but it is associated with dinically significant

toxicity. Cidofovir is an option for the treatrnent of CMV
retinitis. Combination therapy for resistant or refractory

CMV infections has not been systematically studied but
could be considered in patients with difficult-to-manage
infection. However, the combination of maribavir with
valgancidovir or ganciclovir should not be used due to
their antagonistic mechanism of action.

No good data exist regarding letermovir, which is not
indicated for the therapy of CMV infection, including
resistant or refractory infections, or the treatment of

of CMV infections.'7 Rising cytomegalovirus DNA load

or progression of cytomegalovirus disease might indicate

dinical (refractory) resistance, viral resistance, or both.66

Ljungman and colleagues updated the definitions in
2024.62

Host factors associated with refiactory and resistant

CMV are like those associated with the risk of infection,

with some additional viral or drug factors.zue Interestingly,

the use of letermovir prophylaxis has decreased the

incidence of CS-CMVi, including the emergence of
resistant and refractory infections."

Since the previous recommendations were published,

maribavir has been shown in a pivotal trial to have a

higher response rate and lower risk for clinically
significant organ toxicity than the alternative,

investigator-assigned therapy. Maribavir is therefore

recommended for the treatment of resistant or refractory

CMV infections after allogeneic HCT.'0 However,

penetration to the CNS and the eyes is poor, so maribavir
should not be used for CMV disease in these

localisations.
The drug has a seemingly lower threshold for the

development ofresistance than do other agents used for

w.thelancet.com/infection Vol 25 August 2025 e4S7
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ESCMID

Adutts children

Maribavir is efectiw for treatment of resistant or refractory CMV infection and disease and iJ assciated with lower risk for side-efrects Al Blhr

than the other alternatives

Maribavir is not indicated for CMV disease involving the CNS and the eyes Dllt Dllt

tf resistance is suspected, lt should be documented by genotyping All Alt

Change oftherapy is recommended before having results of resistance testing available Bll Bl I

Foscamet is an altemative therapy for resistant or refactory CMV infectioru, in Particular in the CNS and eyes, but is asoclatedwith Bll All

diniGly signifi cant toxicity

Cidofovir is an option for the treatment of CMV retinitis Bl I Bll

CMV-specificT cells are an option fortrcatment of reslsbnt or refractory CMV lnfection or dirase, if available 8ll Cllu

Combination therapyfor resistant or Iefractory CMV infections could be considered Bll cll

The combination of maribavirwith valgancidoviror ganclclovirshould not be used Dllt clll

Letermovi r is not i ndicated for pre-emptive therapy of CMV infection or treatment of CMV end-organ disease including resistant or Dl ll Dllt

refractory infections

CMv.cltomeqalovirur ESCMID=European Sciety for Oini6l Mlcrobiology and lnfectiow Disw rcan be @roidered when tie patient i5 olderthil 12 yea6. Howevet it is

not apprwed by the Eurcpean Medical Assmiation for individuals youngerthan 18 yem.

Tablt3:Treatm€nt of roistant or refracto;y CMV

CMV end-organ disease. Several series ofpatients treated

with CMV-specific T cells have shown good efficacy and a

low risk for toxicity. This topic was covered in the last

version ofECIL guidelines'and is therefore not discussed
in detail in this Review

Available options for children who have a second

episode of CS-CMVi, drug toxicity, or develop a

refractory infection include the alternate use of
ganciclovir or valganciclovir, or foscarnet and maribavir
as second-line therapy. Maribavir is currently apProved

by the US Food and Drug Administration (but not the

European Medicines Agency) for secondJine or third-
line treatment for children agedl} years or older. It is
not approved for children younger than 12 years.

The figure shows an algorithm for treating resistant or
refractory CMV infections and disease, and table 3

summarises the recommendations.

CMV in patients treated with CART cells

CMV was reported to be the most common viral
infection in the first month after CAR T-cell therapy."
Analysis of six studies of 438 patients focused on CMV'
associated complications showed an incidence of
CMV infection of 17-567o (median 29/"\, inchfiing
CMV high-level viraemia or CS-CMVi in 7-75%
(median 11%). With the implementation of pre'emptive
therapy, the occurrence ofCMV end-organ disease was

incidental.t't'
CMV reactivation occurs early after CAR T-cell therapy,

with a median time to reactivation of l4-21days.''7'This
timing might be because cell-mediated immunity
specific to CMV reaches anadir 2 weeks after CAR T'cell

infusion (possibly due to lymphodepleting therapy) and

recovers to baseline levels by week 4.to:' The most
common clinical manifestation is symptoms such as

CMV syndrome after solid organ transPlant'74

Patients receiving immunomodulating or immuno-
suppressive treatments, particularly corticosteroids and

tocilizumab, for the management of CAR T'cell-related

toxicities have an increased risk of CMV reactivation.

Factors contributing to the high risk of any CMV
reactivation include patients with CMV DNAaemia

before CAR T-cell infusion, those developing grade 3-4
cytokine release syndrome (CRS), use of corticosteroids
for more than 3 days, and persistent lymphocytopenia

less than 200 cells per pL, or use of two or more

immunosuppressants.tottz Other reported risk factors

for CMV viraemia include being older than 50 years'
and application of CAR T cells directed to BCMA.75

CMV in patients receiving T-cell-engaging antibodies
More data allowing risk assessment regarding CMV
reactivation and CMV disease is necessary in this patient

population. In general, the risk seems to be low. However,

case reports exist regarding the development of CMV
disease. Furthermore, prolonged use of T'cell-engaging

antibodies might lead to T-cell exhaustion,sH' and there

are reports of other infections characteristic for patients

with severe T-cell suppression such as Epstein-Barr
virus infection, symPtomatic adenovirus infection,
and even f C-virus-associated progressive multifocal
leukoencephalopathy. The risk might dso be increased

in patients receiving consecutive therapies with bispecific

antibodies and CAR T cells, as is increasingly used in
patients with B-cell acute lymphoblastic leukaemia,

B-cell non-Hodgkin lyrnphoma, and multiple myeloma.

Risk factors for CMV reactivation after T-cell'engaging

therapy seem similar to those reported to be of
importance in patients treated with CAR T cells with the

exception oflyrnphodepletion, induding CRS grade of2
or greater, receiving corticosteroids for more than 3 days,

but also combination therapy with anti'CD38 antibodies,
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EsCMlDgrad€

Patlents trcated with CART cells

CMV monitoring is only required in patients who are CMV seroPositive before CART-cell therapy

ln CMV-seropositive patients, a viral load determination should be done before lymphodepletion begins; ifthe tests show evidence of

CMV replication, close monitoring is recommended

Active monitorinq for CMV DNAaemia testing should be considered between 2 weeks and 6 week after cell infusion in CAR-T-cell

recipients at high risk

pre-emptive antiviral treatment could be considered in cases of high level or rapidly increasing levels of CMV DNAaemia

Whether CART cells directed againstdifferent antigens have the same risk for CMV reactivation is unclear, and therefore the same

strategy should be used regardless ofthe target

Letermovir prophylaxis is not recommended

Patient rcceiving bispecifi cT cell-engaging antibodis

CMVtesting is only required in patients who are CMv-seropositive beforetreatmentwith bispecific antibodies

ln CMV-seropositive patients, a viral load determination could be done before therapywith bisPecific antibodies begins

lfthe tests show evidence ofCMV replication, close monitoring is recommended

Testing for CMV DNAaemia could be considered in febrile patients who have received bispecific antibodies for >4 weels

Antiviral treatment could be considered in case of symptoms and high level or rapidly increasing levels ofCMV DNAaemia

CAR=chimsic antig€n receptor. CMv=cytomegalovirua ESCMID=Europen Socjety for Cllnical Micrcbiology and ln&ctious Diss6

Allu

Bllu

No recommendation

grade can be given

Allu for high risk;

Bllu for other

Bllu

Bilt

Allu

clll

Bilt

Bilt

Bilt

Tobts4 Rgommcndationsfor CMV management in patientswho rc€eivedCART cellsortfienrpywlthT-cell engaglng-antlbodies

immunomodulatory drugs, and Proteasome inhibitors.
Whether T-cell-engaging antibodies directed against

different antigens have the same risk for CMV
reactivation is unclear; therefore, the same strategy

should be used.
Therefore, the recommendations (table 4) should be

seen as provisional and aimed at stimulating increased

attention to the possibility of CMV as a Pathogen in the

patient $oup. Furthernore, further research and

structwed reporting of CMV reactivation and disease

are of major importance.

Conclusions and future directions
Major advances have been made regarding CMV

diagnostics and management, and antiviral ProPhylaxis
is now the most essential Part of CMV management after

allogeneic HCT. However, further refinement regarding

which patients need antiviral ProPhylaxis, including
children, is necessary. Future studies are also needed to

better separate letermovir blips from CMV reactivations

for which interventions with pre-emptive therapy are

needed. Other areas requiring additional development
include how to implement immune monitoring into
treatment strategies. For example, helping to establish

the duration of prophylaxis and management of antiviral

resistance, especially with the introduction of new drugs.

Interesting work is ongoing with CMV vaccines, but no

data are available to assess a Possible introduction in a

future CMV management framework. New treatrnent

options have emerged but are associated with an

increased rate of antiviral resistance. Patients with
resistant or refractory infections rePresent an unmet
medical need and require other therapeutic oPtions.

Combination therapies and future studies of adoptive

virus-specific T-cell therapies are possible ways to address

Search strategy and selection criteria

Aworking group was convened and divided into teams

addressing subtopics. Each team searched MEDLlNE

(including MEDLINE ln Process) for papers published from

luty 7, 2O7/, lo )une 30, 2024, to identifli potentially relevant

English language studies relatedto rytomegalovirus (CMV)

infection or disease in patients after allogeneic

haematopoietic cell transplantation, patients treated with

drimeric antigen receptorT cells. and in patientstreated with

bispecificT-cell-engaging antibodies. Each team usedtheir

own search terms based on their subtopic. Specifically

addressed topics included diagnostics, antiviral prophylaxis,

pre-emptive therap, monitoring of CMV-specifi c cell-

mediated immunity, paediatrics. and management of

resistant and refractory CMV. References were also screened

for other potentially relwant papers.

this gap. New patient grouPs are becoming of interest,

but further research is needed to identify the importance

of CMV in these groups.
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Cuore, Rome, Italy; 4Department of Haematology, Assistance Publique-hôpitaux de Paris (APHP), Henri Mondor Teaching Hospital, Créteil,
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The initiation of systemic antimicrobial treatment of Pneumocystis jirovecii pneumonia (PCP) is triggered by
clinical signs and symptoms, typical radiological and occasionally laboratory findings in patients at risk of this
infection. Diagnostic proof by bronchoalveolar lavage should not delay the start of treatment. Most patients
with haematological malignancies present with a severe PCP; therefore, antimicrobial therapy should be started
intravenously. High-dose trimethoprim/sulfamethoxazole is the treatment of choice. In patients with documen-
ted intolerance to this regimen, the preferred alternative is the combination of primaquine plus clindamycin.
Treatment success should be first evaluated after 1 week, and in case of clinical non-response, pulmonary CT
scan and bronchoalveolar lavage should be repeated to look for secondary or co-infections. Treatment duration
typically is 3 weeks and secondary anti-PCP prophylaxis is indicated in all patients thereafter. In patients with
critical respiratory failure, non-invasive ventilation is not significantly superior to intubation and mechanical
ventilation. The administration of glucocorticoids must be decided on a case-by-case basis.

Introduction
The impact of Pneumocystis jirovecii pneumonia (PCP) on morbid-
ity and mortality of immunocompromised patients is substantial.
Up to 40% of patients with acute lymphoblastic leukaemia or
lymphoproliferative diseases are affected, unless systemic
prophylaxis is given.1 Patients with PCP have an almost 50% inci-
dence of acute lung injury,2 while survivors have a higher risk of
long-term deterioration of lung function (chronic lung injury)
than survivors of bacterial pneumonia.3 In HIV-positive patients,
outcome has been improved over the past few decades by early
diagnosis, refined intensive care management (low tidal volume,
conservative fluid management), identification and effective
treatment of co-infections, adjunctive glucocorticosteroids (GCS;
in patients with an oxygen partial pressure PaO2 ,9.3 kPa),
secondary PCP prophylaxis and early combination antiretroviral
therapy.4 We aimed to provide an updated, evidence-based
guideline for the treatment and secondary prevention of PCP in
patients with haematological diseases. Separate guidelines by

ECIL expert groups focus on epidemiology, risk factors, diagnosis
and prevention of PCP.5 – 7

Methodology

Search criteria
A systematic literature review was performed using the PubMed database
for publications up to September 2015 for the following MeSH terms:
‘pneumocystis OR Pneumocystis carinii OR Pneumocystis jirovecii
AND pneumonia’; ‘pneumonia AND neutropenia OR treatment OR
haematological malignancies OR stem cell transplantation’. The group
co-authoring this manuscript reviewed the 195 publications identified
and prepared a slide set comprising evidence-based statements and
recommendations presented to the plenary session at the ECIL-6 meeting,
11–12 September 2015, Nice, France. After revision according to the
results of the plenary discussion, a summarizing slide set was made avail-
able at www.kobe.fr/ecil in November 2015. The final manuscript has been
written and revised by all co-authors. Recommendations were graded
according to the ECIL-6 evidence-based medicine (EBM) grading system,
compatible with the EBM grading system of ESCMID.6,8

# The Author 2016. Published by Oxford University Press on behalf of the British Society for Antimicrobial Chemotherapy. All rights reserved.
For Permissions, please e-mail: journals.permissions@oup.com

J Antimicrob Chemother 2016; 71: 2405–2413
doi:10.1093/jac/dkw158 Advance Access publication 12 May 2016

2405

D
ow

nloaded from
 https://academ

ic.oup.com
/jac/article/71/9/2405/2237835 by guest on 15 January 2026

http://www.kobe.fr/ecil


Symptoms of PCP in haematology patients
Among 55 patients with haematological malignancies who had
PCP during the period 1990–99, the characteristic clinical presen-
tation was acute onset with fever (86%), dyspnoea (78%), non-
productive cough (71%) and severe hypoxaemia (71%), while
thoracic pain (14%) and chills (5%) were less commonly
observed.9 In another retrospective analysis of 56 patients, of
whom 44 (78.6%) had haematological malignancies, 18 had
undergone HSCT and 12 patients had solid tumours, the main
symptoms were fever (85.7%), dyspnoea (78.6%) and cough
(57.1%). Their clinical course was rather acute with a median
time from symptom onset of 7 (3–14) days. PCP presented as
severe pneumonia [PaO2, 58 mmHg/Torr (range 50 –70)] with
bilateral interstitial infiltrates (80.4%) and bilateral ground-glass
attenuation (89.3%) on CT scans. Twenty-four patients (42.9%)
required referral to an ICU, 11 (19.6%) underwent mechanical
ventilation, and 11 patients died.10

Importantly, a wide range of co-infections, particularly pulmonary,
are present in 28%–71% of patients, with multiple potentially
involved pathogens such as Staphylococcus aureus, Gram-negative
bacteria, Aspergillus species or cytomegalovirus (CMV).

In allogeneic HSCT recipients, PCP is associated with CMV
pneumonia in �50% of cases.11 – 14

Criteria for initiation of PCP treatment
As delay of treatment increases the need for mechanical ventila-
tion and mortality, prompt initiation of PCP-specific treatment is
of critical importance.15 – 18 Initiation of treatment should not
be deferred by diagnostic procedures, such as bronchoalveolar
lavage (BAL), since P. jirovecii remains detectable in bronchial
secretions for many days after the start of systemic treatment.19

PCP is highly likely in patients at risk who present with clinical
symptoms mentioned above.20 Prompt diagnostic procedures
and antimicrobial treatment against P. jirovecii should be triggered
by composite criteria (A-III) (Figure 1), as single clinical diagnostic
criteria are insufficient to prove the diagnosis.

Grading of PCP severity and prognostic factors
For the decision on the planned duration and the route of admin-
istration of systemic antimicrobial treatment, PCP in HIV-positive

patients has been categorized as mild, moderate or severe
(Table 1).21 For moderate and severe PCP, treatment recommen-
dations do not differ substantially. In non-HIV patients, differenti-
ation of PCP severity has not been specifically addressed in
prospective clinical studies. However, recommendations regard-
ing first-line antimicrobial treatment refer to a grading of PCP
severity also in non-HIV patients, while in clinical practice most
non-HIV patients do have severe disease at the time of diagnosis.
It appears therefore appropriate to grade the severity of PCP in
non-HIV patients into mild versus moderate-to-severe (B-III).
For assessment of PCP severity, the use of conventional grading
systems used for community-acquired pneumonia (such as
A-DROP, CURB-65 or Pneumonia Severity Index) has been shown
to underestimate the severity of PCP in non-HIV patients;22 there-
fore, their use in this setting is not recommended (D-IIu; formerly
B-II against use). The grading system of Miller21 appears to pro-
vide the most useful criteria for PCP severity assessment in
non-HIV patients (B-III). Importantly, not only oxygen saturation
should be used, but also clinical criteria such as respiratory rate,
age, co-morbidities or additional organ dysfunction must be
taken into account (A-IIu, formerly A-II).

For prediction of poor clinical outcome in non-HIV patients with
PCP, both factors present at treatment onset and factors present-
ing later during antimicrobial therapy have been identified
(Table 2).

First-line treatment

Selection of drugs

In haematological patients, prospective randomized clinical trials
on the optimal selection of antimicrobial agents for the treatment
of PCP have not been conducted. Therefore, therapeutic recom-
mendations are based on those in HIV-associated PCP and obser-
vational studies on treatment including haematological patients
(Table 3). In a comprehensive literature review, we have assessed
the outcome of different treatment regimens among non-HIV
patients with PCP. Published reports on treatment results in this
patient cohort included �800 patients treated first-line with
trimethoprim/sulfamethoxazole23 – 27 and ,40 patients who
received this regimen in combination with other antimicrobials
or other drugs including pentamidine, atovaquone or prima-
quine/clindamycin.9,13,28 – 31 For first-line treatment (Table 4),

∑   Patient at risk 

with

∑   Clinical signs and symptoms

–  Dyspnoea and/or cough

–  Fever (may rarely be absent)

–  Hypoxaemia (may not yet be present) 

–  Chest pain (rare; from pneumothorax)

with 

∑   Suggestive radiology finding compatible with PCP (preferably thoracic CT scan)

with or without

∑   Unexplained serum lactate dehydrogenase (LDH) elevation

Figure 1. Indication for starting systemic antimicrobial treatment against P. jirovecii in patients with haematological diseases.
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trimethoprim/sulfamethoxazole at a dosage of 15–20 mg/kg (tri-
methoprim) and 75–100 mg/kg (sulfamethoxazole) for ≥14 days
is recommended as primary choice (A-IIr, formerly A-II).
Co-medication with methotrexate should be avoided because of
potentially serious adverse drug effects. For very obese patients,
no specific dose limits have been defined. While not routinely
available, therapeutic drug monitoring may be recommended
in individual patients32,33 with target peak concentration for sulfa-
methoxazole of 100–200 mg/L.34 Alternative treatment regimens
for patients with contraindications to trimethoprim/sulfamethoxa-
zole include intravenous pentamidine (4 mg/kg/day),29 prima-
quine/clindamycin (30 mg/day+600 mg every 8 h daily)30 and
atovaquone (750 mg every 8–12 h daily)30,31 (C-IIt, formerly
C-II, for each regimen). Prior to the use of primaquine, patients

should be checked for glucose-6-phosphate dehydrogenase
deficiency.

Route of administration

In patients with mild PCP (which are rarely seen in haematology),
an oral strategy is possible from the beginning for compliant
patients in whom enteral absorption is not compromised (B-IIt,
formerly B-II).35 The dosage of drugs should be identical for
oral and intravenous administration (A-IIt, formerly A-II). In
patients with moderate-to-severe PCP, treatment should be
started intravenously (A-IIu, formerly A-II). A switch to oral
therapy can be considered, once clinical improvement is achieved
in compliant patients in whom enteral absorption is not compro-
mised (A-IIu, formerly A-II).36,37

Assessment of treatment response
The efficacy of systemic antimicrobial treatment should be
assessed on a daily basis. While early clinical deterioration (within
the first 3– 5 days after treatment initiation) is common,
re-evaluation should not be done before 8 days of full-dose treat-
ment (A-III). In a study on non-HIV patients with PCP, radiologic
improvement by repeated thoracic CT scan during treatment was
seen in 57% of patients at a median of 13 days after initiation of
therapy.38

In patients without clinical improvement and/or with worsen-
ing of respiratory function documented by arterial blood gases
after 8 days of adequate anti-PCP treatment, clinical failure
should be suspected. b-D-Glucan monitoring is not recommended
for response assessment (D-IIu), as there are conflicting data for
serum b-D-glucan during the course of PCP; elevated levels may
indicate treatment failure or another fungal co-infection, whereas
decreasing levels are not clearly predictive of treatment
success.29,39

In patients with clinically documented treatment failure at day
8, a repeat bronchoscopy and BAL to look for co-infections should
be ordered (A-III). Co-infections are present in 20% of patients at
time of admission to an ICU, while another 22% of patients with
PCP acquire relevant second infections during ICU treatment.40

Table 1. Grading of severity of Pneumocystis pneumonia21

Severity grading

Variable mild moderate severe

Symptoms and signs increasing exertional dyspnoea with
or without cough and sweats

dyspnoea on minimal exertion,
occasional dyspnoea at rest,
fever with or without sweats

dyspnoea at rest, tachypnoea at rest,
persistent fever, cough

Arterial oxygen tension (PaO2)
at rest, room air

.11.0 kPa (.82.5 mmHg) 8.1–11.0 kPa (60.75–82.5 mmHg) ,8.0 kPa (,60 mmHg)

Arterial oxygen saturation
(SaO2) at rest, room air

.96% 91%–96% ,91%

Chest radiograph normal or minor perihilar
shadowing

diffuse interstitial shadowing extensive interstitial shadowing with or
without diffuse alveolar shadowing
(‘white out’) sparing costophrenic
angles and apices

Table 2. Poor prognostic factors for outcome in non-HIV patients with
PCP13,20,23,25,28,31,40,56,75

Poor prognostic factors at onset
Poor control of underlying disease
ECOG PS .2
Long-term glucocorticosteroids
Delayed onset of PCP treatment
Hypoalbuminaemia
Co-infection with HSV or CMV
High neutrophil count in BAL
High APACHE-II or SAPS-II score

Poor prognostic factors during PCP treatment
Vasopressor use/shock
Need for high-dose glucocorticosteroid treatment
Respiratory failure/high oxygen support
Need for mechanical ventilation
ARDS
Clinical worsening at day 8

ARDS, acute respiratory distress syndrome; CMV, cytomegalovirus; ECOG,
Eastern Cooperative Oncology Group; HSV, herpes simplex virus; PS,
performance score; SAPS, simplified acute physiology score.

Review

2407

JAC
D

ow
nloaded from

 https://academ
ic.oup.com

/jac/article/71/9/2405/2237835 by guest on 15 January 2026



For evaluation of BAL findings, the persistence of a positive
P. jirovecii PCR should not be interpreted as treatment failure
(D-IIt, formerly A-II against use), as P. jirovecii will remain
detectable for days or even weeks under systemic anti-PCP treat-
ment.19 With respect to BAL P. jirovecii load using quantitative PCR,
there are currently no data on the kinetics under treatment. For
b-D-glucan in follow-up BAL, no data from clinical studies have
been reported so far.

In addition, a new thoracic CT scan should be ordered to moni-
tor the course of PCP-related lung infiltrates and to check for PCP
complications such as spontaneous pneumothorax or pleural
effusion (A-III).13

An unnecessary switch to second-line PCP treatment in
patients receiving high-dose trimethoprim/sulfamethoxazole
should be avoided (A-IIt, formerly A-II), as the efficacy of
second-line treatment is less well documented than that of front-
line trimethoprim/sulfamethoxazole. A switch to second-line
treatment should therefore only be considered after exclusion of
a co-infection or another cause of (clinical and/or radiologic)
deterioration.

Dihydropteroate synthase gene mutations, while associated
with failure of sulfa-based PCP prophylaxis,41 are not associated

with failure of high-dose trimethoprim/sulfamethoxazole treat-
ment in HIV-positive or -negative patients.42,43

Salvage treatment (second-line treatment)
In patients with intolerance to or treatment failure under high-
dose trimethoprim/sulfamethoxazole treatment, second-line (or
‘salvage’) therapy is required (Table 5). While clinical trials on
this indication in non-HIV patients have not been reported, reports
from the literature23,44,45 suggest that first choice of drugs in this
setting is the combination of primaquine and clindamycin (B-IIt,
formerly B-II). In the setting of HIV-positive patients with PCP,
Helweg-Larsen et al.46 reported the results of a large observa-
tional study, in which second-line treatment with primaquine/
clindamycin was superior to pentamidine, translating into
reduced mortality. Prior to the use of primaquine, patients should
be checked for glucose-6-phosphate dehydrogenase deficiency.
Alternatives are intravenous pentamidine (4 mg/kg/day)
(B-III)9,28,44,45 or the combination of high-dose trimethoprim/
sulfamethoxazole with caspofungin (70–50 mg per day) (C-IIu,
formerly C-II); however, the possible efficacy of this combination

Table 3. Studies on first-line and salvage antimicrobial treatment of PCP

Population Intention Intervention References Comment

First-line treatment
HM, SOT, cancer,

autoimmune/inflammatory
diseases

cure TMP/SMX 15–20 mg/kg (TMP)
75–100 mg/kg (SMX) per day for
≥14 days

9,24,26–29,31,45 no randomized trials; high number
of cases; low toxicity

pentamidine iv 4 mg/kg/day 29 retrospective; 5 non-HIV patients
primaquine+clindamycin

30 mg/day+600 mg×3/day
30 retrospective; 5 non-HIV patients

atovaquone 750 mg×2 (or 3)/day 30,31 retrospective; 3 non-HIV patients

Second-line (salvage) treatment
HM, SOT, cancer, autoimmune

diseases
cure primaquine (30 mg)+clindamycin

(600 mg×3) per day
23,44,45 few cases

pentamidine iv 4 mg/kg/day 9,28,44,45 few cases
TMP/SMX (15–20 mg/kg)+caspofungin

(70–50 mg/day)
47–49 few cases, no haematological patients

echinocandin alone 76,77 only case reports

HM, haematological malignancies; iv, intravenously; SOT, solid organ transplant; TMP/SMX, trimethoprim/sulfamethoxazole.

Table 4. Recommended first-line treatment in non-HIV patients with PCP

Population Intention Intervention SoR QoE

HM, SOT, cancer, autoimmune/
inflammatory diseases

to cure TMP/SMX 15–20 mg/kg (TMP) 75–100 mg/kg (SMX) per day for ≥14 days A IIr

pentamidine iv 4 mg/kg/day C IIt

primaquine+clindamycin 30 mg/day oral+600 mg×3/day iv or oral C IIt

atovaquone 750 mg×2(or 3)/day oral C IIt

HM, haematological malignancies; iv, intravenously; QoE, quality of evidence; SoR, strength of recommendation; SOT, solid organ transplant; TMP/SMX,
trimethoprim/sulfamethoxazole.
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has only been reported in individual patients.47 – 49 An echinocan-
din alone should not be considered (D-IIu, formerly A-II against
use), because a sufficient anti-PCP efficacy has not been demon-
strated,45,50 and reports of breakthrough PCP in patients being
treated with an echinocandin for other purposes have been
published.51

Drug-related side effects and drug–drug
interactions
Most of the drugs recommended for PCP treatment are associated
with a substantial rate of drug-related adverse events (AEs). While
a detailed discussion of these potential AE exceeds the scope of
this guideline, an overview of the main side effects is given in
Table 6.

Clinically important drug–drug interactions may be relevant in
patients being treated for PCP. Atovaquone interacts with rifampi-
cin and rifabutin, clindamycin with macrolide antibiotics, dapsone
with rifampicin, trimethoprim and probenecid, pentamidine with
foscarnet, and trimethoprim/sulfamethoxazole with dapsone and
rifampicin. It is of utmost importance to check all co-medications
for drug–drug interactions in patients treated for PCP.

Treatment duration
Standard duration of drug treatment in PCP is 3 weeks (B-IIt). In
mild cases, it should be at least 2 weeks (A-IIt, formerly A-II). In
case of slow clinical improvement, the unmodified treatment

should be continued for at least 3 weeks (A-IIu, formerly
A-II).13,30

ICU management
Short- and long-term survival rates of ICU patients with haemato-
logical malignancies have improved markedly in recent years,52,53

and haematological outcomes may not be affected by temporary
organ dysfunction(s).52,54,55 Therefore, evidence-based expert
consensus recommends full ICU support for a growing number
of patients.53

Almost every second patient with haematological malignancy
and PCP develops acute respiratory failure (ARF) requiring ICU
admission.9,10,56 While mortality rates of non-HIV patients with
PCP-associated ARF are generally higher than in HIV-positive
patients,57 – 59 the prognosis of haematological patients with
PCP-associated ARF may not be different from ARF due to other
aetiologies.60 In patients with haematological malignancies,
any signs or symptoms of respiratory deterioration (dyspnoea,
cough, sputum, chest pain, rales, haemoptysis, increasing pul-
monary infiltrates, demand for O2 .1 L/min) are associated
with the development of ARF, ICU admission and adverse out-
come.61,62 Timely recognition of such situations in patients with
PCP is crucial, since late ICU transfers are associated with
increased mortality rates (A-IIh, formerly A-II).63,64

Historical data suggested that non-invasive ventilation (NIV)
was associated with reduced intubation rates and improved mor-
tality in immunosuppressed patients with hypoxic ARF, when
compared with standard oxygen.65 In accordance, a current
meta-analysis of earlier, mainly observational data showed a sur-
vival benefit with NIV used as an initial ventilatory strategy when
compared with invasive mechanical ventilation in patients with
haematological malignancies.66 However, a recently published
large propensity score matched analysis in haematological
patients67 and a large interventional trial in immunosuppressed
(mainly haematological) patients with hypoxic ARF did not show
any harm or benefit of early NIV when compared with standard
oxygen.68 The discussion of these study results prompted a revi-
sion of the provisional preference (B-I) of the group for NIV, as sta-
ted in the original ECIL-6 slide set. While survival rates of primarily
intubated haematological patients with ARF have improved
steadily over the last two decades,60 NIV failure with secondary
intubation may be associated with excess mortality in (at least
subgroups of) haematological patients.66,69 – 71 In general, NIV
failure rates in haematological patients with severe hypoxic ARF
(acute respiratory distress syndrome)60 and specifically in those
with PCP are particularly high (�70%).58 If clinicians decide to

Table 5. Options for second-line treatment in non-HIV patients with PCP

Population Intention Intervention SoR QoE

HM, SOT, cancer, autoimmune diseases cure primaquine (30 mg)+clindamycin (600 mg×3) per day B IIt
pentamidine iv 4 mg/kg/day B III
TMP/SMX (15–20 mg/kg/day)+caspofungin (70–50 mg/day) C IIu
echinocandin alone D IIu

HM, haematological malignancies; QoE, quality of evidence; SoR, strength of recommendation; SOT, solid organ transplant; TMP/SMX, trimethoprim/
sulfamethoxazole.

Table 6. PCP treatment: main drug-related adverse events

TMP/SMX Clindamycin/primaquine Pentamidine iv

† rash and fever
† nephrotoxicity
† electrolyte

disorders
† bone marrow

depression
† hepatotoxicity

† nausea and vomiting
† neutropenia
† Clostridium

difficile-associated
diarrhoea

† haemolysis in patients
with glucose-6-
phosphate
dehydrogenase
deficiency

† bone marrow
suppression

† nephrotoxicity
† electrolyte disorders
† dysglycaemia,

insulin-dependent
diabetes mellitus

† pancreatitis
† Q-T prolongation

TMP/SMX, trimethoprim/sulfamethoxazole.
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use NIV as primary ventilation strategy, the development of incipi-
ent NIV failure must be monitored closely: poor tolerance of NIV,
no clinical improvement within 6 h, no improvement of arterial
blood gases within 6 h, respiratory rate remaining .30/min,
NIV dependency .3 days, clinical or respiratory deterioration,
unknown aetiology of ARF (A-IIh, formerly A-II).72 If NIV failure
becomes imminent, patients must be evaluated for prompt intub-
ation and invasive mechanical ventilation (A-III).

Glucocorticosteroids as adjunctive therapy in
non-HIV patients with PCP
In HIV-positive patients with moderate-to-severe PCP, evidence
derived from a meta-analysis on six randomized controlled
trials suggests a survival benefit of adjunctive GCS therapy.73

Accordingly, in these patients, adjunctive GCS are strongly recom-
mended by current guidelines.74 However, there are no interven-
tional trials in non-HIV patients with PCP and the results of several
retrospective observations are conflicting. All reports have typical
limitations of retrospective observational analyses with a substan-
tial risk of confounding by indication: most report on small patient
numbers, different doses and (often non-reported) timing of GCS
treatment, different definitions regarding PCP severity, as well as
considerably heterogeneous cohorts with respect to underlying dis-
eases and proportions of haematological malignancies. No detailed
data on patients with leukaemia (or subgroup analyses) are avail-
able. Furthermore, there may be considerable patient overlap
between some studies (Table 7). The most recent investigation
with the largest number of patients performed a pooled analysis
of 139 non-HIV ICU patients with severe PCP by first employing
multi-variable statistics. High-dose GCS treatment (.1 mg/kg body-
weight per day) was an independent predictor of ICU mortality but
not associated with the rate of ICU-acquired infections.40

The routine adjunctive use of GCS in non-HIV patients with PCP
and respiratory failure is not recommended. The decision to add
GCS in a non-HIV patient with PCP and respiratory failure has to
be made on an individual basis (B-IIh, formerly B-II). A significant

proportion of non-HIV patients with PCP have been treated with
GCS prior to PCP onset. It remains unclear how to treat these
patients (maintaining the dose versus escalation versus tapering).
Investigational trials on the use of GCS accounting for previous
GCS treatment and PCP severity are needed in haematology
patients with PCP.

Secondary anti-PCP prophylaxis
All non-HIV patients who have been successfully treated for PCP,
should be given secondary anti-PCP prophylaxis (A-IIh, formerly
A-II). Preferred and alternative regimens for secondary PCP
prophylaxis should be chosen as for primary prophylaxis.7

Co-medication with methotrexate may cause substantial toxicity.
A stopping rule for secondary PCP prophylaxis in patients

whose immune system is recovering has not yet been defined;
therefore, the decision to discontinue secondary PCP prophylaxis
has to be made on an individual basis.

Conclusions
Early treatment of PCP through intravenous antimicrobial therapy is
of high importance in patients with haematological malignancies,
and high-dose trimethoprim/sulfamethoxazole is currently the
treatment of choice. Recent recommendations from ECIL-6 provide
updated, evidence-based guidelines for the treatment of PCP in this
patient population, including guidance on first-line and salvage
treatment, therapy duration, assessment of the treatment
response and ICU management in non-HIV patients with PCP.

High-dose trimethoprim/sulfamethoxazole for over 2 weeks
remains the recommended treatment in non-HIV patients with
PCP (A-II), with primaquine plus clindamycin the preferred
second-line therapy (B-II). The routine adjunctive use of GCS in
non-HIV patients with PCP and respiratory failure is not recom-
mended but may be used on an individual patient basis (B-IIh).

These recommendations should assist healthcare profes-
sionals in making timely and effective decisions in regards to
treatment of PCP in this patient population.

Table 7. Adjunctive GCS in non-HIV patients with PCP

n (%); mortality (%)

First author (year) Number (haematological malignancy) Years with GCS without GCS Mortality, total (%)

Bolléea (2007)10 56 (44) 2001–06 21 (38); 10 35 (62); 26 20
Burke (1973)78 46 (20) 1959–71 — — 80
Delclaux (1999)79 31 (24) 1988–96 23 (74); 39 8 (26); 50 42
Overgaardb (2007)80 44 (33) 2002–04 33 (77); 12 11 (23); 20 14 (PCP)
Kofteridis (2014)26 62 (31) 2004–13 50 (81); 30 12 (19); 25 29 (PCP)
Lemialea (2013)40 139 (55) 1988–2011 107 (77); 26 32 (23); 25 26 (ICU)
Moon (2011)27 88 (26) 2007–10 59 (67); 31 29 (33); 34 32 (3 months)
Pagano (2002)9 55 (55) 1990–99 22 (37); 36 33 (63); 36 29 (PCP)
Parejaa (1998)81 30 (8) 1989–95 16 (53); 44 14 (47); 36 40
Roblot (2002)31 103 (60) 1995–99 58 (56); ND 42 (51); ND 38 (1 month)
Zahara (2002)82 39 (28) 1989–99 33 (79); 68 6 (15); 20 33 (3 months)

GCS, glucorticosteroids; ND, no difference.
aSubstantial overlap of patients.
bData reanalysed in 2015 by J. H.-L.
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Empirical and targeted antimicrobialtherapy in patients
with febrile neutropenia and haematological malignancy or

after haematopoietic cel I transplantation : recom me ndatio ns

from the loth European Conference on lnfections in

Leukaemia
Dina Averbuch*,YuriVanbiervliet, Francesco Bqccelli, Malgorzata Mikulska, Dionysios Neofutos, CarolinaGarcia-Vidal, Manuela Aguilar-Guisodo,

Nicole Blijlevens, Patricio Munoz, Catherine Cordonnier, Murat Akovo,Thierry Calandra*

Febrile neutropenia can lead to life.threatening infecions in patients with haematological malignancies or after

hematopoietic cell transplantation. Infection management is challenged by rising antibiotic resistance and regional

differerrces in baderial epidemiology. The 10th European Conference on Infections in Leukaemia panel recommends

a personalised 
"ppto".h 

guided by local resistance patterns and individual risk factors. For patients who are

haemodynamically stable without colonisation or infection by resistant Gram-negative bacteria in lowresistance

prevalence settings, empirical monotherapy sparing carbapenems or novel p-lactams with or without p'lactamase

itthibitott (BLI) is recommended. For patients who are critically ill or haemodynamically unstable, those with previous

resistant Giam-negative bacteria colonisation or infection, or in high-resistance prevalence settings, broader'sPectrum

therapy is indicated. Tlreatment options include BJactam plus aminoglycoside combinations, carbapenem with or

without BLI, anti-pseudomonal cephalosporin and BLI combinations, or cefiderocol, individualised by local

epidemiology and patient factors. Antimicrobial stewardship is recommended, induding antimicrobial de-escalation

once resistant Gram-negative bacteria infection is exduded; and antibiotic discontinuation regardless of neutrophil

count, in patients who aie afebrile and stable after completing the intended course. We provide treatment strategies

for resistant Gram-negative bacteria infections.

Given the growing concem of antibacterial resistance ili:ff&T-T#il"t
and geographical variations in bacterial epidemiology
and resistance pattems, the previous European

Conference on Infections in Leukaemia (ECIL) recom'

mendations introduced a personalised approach for EAT

in 20ll.t7 tE However, epidemiological challenges posed by

the rise of multidrug resistance continue to evolvett and

new antibiotic treatments were recently licensed to

counter the development of resistance. Therefore,

recommendations for fever in patients with neukopenia
published over a decade ago by ECIL and Infectious

Diseases Society of America might no longer reflect

current best practices.lT'rs'20 Due to this urgent need, we

updated the ECIL recommendations based on review of
literature in haematology and patients with HCT (adults

and children) published after 2011' These revised

recommendations, based on the antimicrobial steward'

ship principles, provide gu:idance on treatment options

for patients with neutropenia due to chemotherapy or

conditioning for HCT and with suspected or confirmed
infections due to resistant Gram-negative bacteria.

Development of recommendations
ECIL is a collaborative initiative of the Infectious

Diseases Working Party of the European Society for
Blood and Marrow Tiansplantation, the Ewopean

Organization for Research and Tieatment of Cancer,

the Intemational Immunocompromised Host Society

and the European LeukemiaNet. The standardised

@\"Q.

lntroduction
Patients with haematological malignancies with
chemotherapy-induced neutropenia or after haema-

topoietic cell transplantation (HCI) are at high risk for
severe, life-tlrreatening infections. Fever in patients with
neutropenia is often the first and sometimes the only sign

of infection justifying the immediate initiation of empirical

antibiotic therapy (EAT) before microbiological results

become available.' Approximately half the patients with
febrile neutropenia have dinically or microbiologically

documented infections, while others present with
unexplained fever or non-infectious fever.' Bacterial

infections are the most common cause of fever dwing
neutropenia, complicated by bloodstream infection in
approximately 20-30% of patients.H The proportion of
Gram-negative bacteria (30-670/0l and Gram-positive

bacteria (3248%) varies across centres and geogaphical

locations.rt' Infections due to Gram-negative bacteria are

associated with high mortality, especia\ when appropriate

therapy is delayed.''" The increasing prevalence of
antibiotic resistance among Gram-negative bacteria

complicates the choice of EAI and is associated with
long-term hospitalisation and increased mortality'!
Resistance rates vary substantially between centres, with
30-50% of Gram-negative bacteria producing extended-

spectnrm B-lactamases (ESBL) or showing resistance to

third generation cephalosporins, while 9-32% elJl':ibit

carbapenem resistance. Among Pseudomonos aeruglnosa

isolates, 2U37% are reported as multidrug resistant.z1ou1516
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Key messages

. Empirical antibiotictherapy selection: base empirical

therapy on local epidemiology, previous colonisation or

infection with resistant bacteria, and the patient's clinical

presentation.
. Monotherapy versus combination therapy: empirical

monotherapy is appropriate for most patientswith febrile

neutropenia. Consider combination thetapy in Patients

who are haemodynamically unstable or when resistant

bacteria are likely.

. Coverage for resistant bactetia choose emPi rical p-lactam

therapytargeting known resistant Gram-negative

colonisers or previously infecting pathogens. De-escalate

therapyto narrower spectrum antibiotics once the patient

is clinically stable orwhen microbiologically documented

infection with resistant organisms is notdocumented'

Reserve empirical coverage against resistant Gram-positive

bacteria forpatients who are haemodynamically unstable.

have suspected catheter-related or skin and soft-tissue

infections. or have known colonisation with methicillin-

resistant Stophylo cocats (urcus.

. Persistent fever management: in clinically stable patiens

with penistent fever during neutropenia. continue

diagnostic evaluation and consider non-bacterial causes

ratherthan broaden empirical antibiotictherapy'
. Discontinuation of empirical therapy: consider stopping

antibiotics in the following scenarios: after at least 72 h of

treatment in patients with fever of unknown origin who

remain stable and afebrile for at least 48 h; after

completing the intended therapy couIse in patientswith

documented infections who are dinically stable and

afebrile for at least 72 h, regardless of neutrophil count or

duration of neutropenia.
. Targeted therapy for multidrug-resistant Gram-negative

infections: use an active B-lactam as backbone therapy'

Consider combination therapy when clinically appropriate

or supported by suscePtibility testing.

methodology used by ECIL recommendations has been

previously reported.'E The grading system Previously
used by ECIL with strength of recommendation and level

of evidence is shown in the appendix (P 23)."

Group leaders (DA and TC) invited intemational experts

in haematology, infectious diseases, and clinical

microbiology to join the working group, who identified

topics and dinical questions for review by team members.

Topics included empirical therapy for fever in patients

with neutropenia, optimal duration of therapy, and

targeted treatrnents of resistant Gram'negative bac-

teria. Resistant Gram-negative bacteria comPromised

carbapenemase-producing Enterobacterales (CPE)

stratified by the type of carbapenemase produced

(eg, Kebsinlla pneumaniae catbapenemase [KPC], OXA4tl-

like BJactamases, and metallo-B-lactamase [MBtl'
producing Gram-negative bacteria), dificult-to'treat

resistant P aeruglnoso, carbapenem-resistanl Acinetobacter

baumannii (CRAB), and Stenotrophotnonas maltophilia.

Recommendations were prepared and discussed in an

iterative process involving subgroup teams and the entire

working group, and were later presented and interactively

discussed by a forum of 54 exPerts in haematology,

infectious diseases, HCI and clinical microbiology from
19 countries at the plenary session of the 10th ECIL

(ECIL-10) meeting held on Sept 20-21, 2024, in Sophia

Antipolis, France. After refinement and approval by the

ECIL-10, consensus recommendations were made

available for public consultation and comments on the

ECIL website from Oct 7 to Nov 8, 2024.

Results
Empirical antibiotic therapy in patients with febrile
neutroPenia
G e n e r ol r e c o m m e n dati o ns

The ECIL-IO recommendations advocate for a risk-

stratified personalised approach to EAI in patients with
febrile neutropenia. Key factors guiding the choice of
empirical antibiotic therapy include the local microbial
ecology, the history ofcolonisation or previous infections

with resistant Gram-negative bacteria, the suspected

primary site of infection, and the severity of the clinical

Presentation.

Low +isk cli ni col settin gs

Low-risk settings are characterised by a low local prevalence

ofresistant Gram-negative bacteria, absence of colonisation

or previous infection with resistant Gram-negative

bacteria, and patients with neutropenia who are hemo'

dynamically stable with fever and presenting with an

uncomplicated dinical condition. In these favourable

clinical contexts, the ECIL-l0 panel recommends imple-

menting carbapenem-sparing empirical monotherapy

with piperacillin-tazobactam, ceftazidime, cefepime, or
cefoperazone-sulbactam (table 1).

The evidence supporting these recommendations draws

from a large body of literahrre, including seven meta-

analyses, four randomised controlled trials (RCT;

three single-centre and one multicentre), four retrospective

studies (trvo single-centre and two multicentre), and

one post-hoc analysis of a multicentre prospective

study.ttut-rs These studies failed to show reduced all'cause

and infection-related mortality when combination therapy

was rxed (appendix pp L1-72,2+281.

Hi gh - ri sk clinical settings
High-risk settings are characterised by a high local

prevalence of resistant Gram-negative bacteria, previous

colonisation, or infection with resistant Gram-negative

bacteria, or in patients who are critically ill or haemo-

dynamically unstable presenting with sepsis or septic

shock. In these challenging dinical contexts, the rislc-

benefit balance shifu considerably, favouring broader

spectrum coverage with either single-agent or combination

2 rm.thelancet.com/infection Published online November 25, 2025 https://doi.oig/10.1015/S1473-3O99(25)OO519-X
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Rsommendations

I

EqL-1O grade

Low-risk cllnicel settings

(1) Low local prevalence of resistant bacteria, and (2) no

known colonisation or previous infection with resistant

bacteria, and (3) haemodynamic stability

High-risk dinical settings (any of the following)

High local prevalence, colonisation, or previous infection

with ESBL-producin g Ente robocterules u Gram-negative

bacteria resistant to first-line agents (but susceptible to
carbapenems)*

Colonisation or previous infection with carbapenem

resistant Gram-negative bacteria

Patient who is critically ill (eg, haemodynamic instability,

sepsis, septic shock, or Pneumonia): (1) without colonisation

or previous i nfection with carbapenem-resistant Gram-

negative bacteria, or (2) with colonisation or Previous
infection with resistant Gram-negative bacteria

Coverage of resistant Gram-positive bacteriat

Coverage of resistant Gram-positive bacteriat

Coverage of resistant Gram-Positive bacteriat

Coverage of resistant Gram-positive bacteriat

Persistent fever

Carbapenem-sparing monotherapywith extended-spectrum penicillins orthird-generation or fourth-genemtion

cephalosporin (eg, piperacillin-tazobactam, cefepime, ceftazidime, or cefoperazonesulbactam)

Carbapenem

Referto table 2 for specific recommendations by bacterial resistance type

Carbapenem with or without p-lactamase inhibitor; p-lactam plus aminoglycoside combination therapy (refer

to table 2 forspecific recommendations by bacterial resistancetype)

consider coverage for streptococcal infections when using agents with limited Gram-positive activity

(eg, ceftazidime with orwithout avibactam or cefiderocol), particularly in patients with severe mucositis

lnclude anti-resistant Gram-positive coverage in patients with: (1) suspicion of catheter-related infection or

skin and soft-tissue infection, or (2) sepsis, septic shock, or pneumonia (regardless ofcolonisation status)

lnclude methicillin-resistant StoPhylococcus oureus coverage in colonised patients with: (1) haemodynamic

instability (eg, sepsis or septic shock) or pneumonia, or (2) haemodynamic stability

tn all other clinical conditions, the routine empirical use of agents targeting resistant Gram-positive baderia is

not recommended

ln patients who are hemodynamically stable with persistent feverwithout source, ECIL-10 panel recommends

against addition ofantibioti6targeting (1) resistant Gram-positive bacteria and (2) resistant Gram-negative

bacteria

AI

Allu

Allu

cilt

(1) Bilr, (2) cilr

(1) Allt, (2) Bllrt

Dllru

(1) Dr, (2) Dilu

' cefepime, ceftaldime, or cefopemnuulbactam. tFor sample, vancomycin, lineolid, ot daptomycin (daptomycin should not b€ used in patients with pneumonia)

Iable 1: Reommendationsformpirical antibioticthenP}r inpatients with febtile mutopenia

therapy. The ECIL-10 panel reconmends EAI with one of
several options: a carbaPenem with or without
pJactamase inhibitors (BLI), an anti-pseudomonal

cephalosporin with a BLI, cefiderocol, or a B-lactam Plus
aminoglycoside combination. Detailed sPecifications for
each therapeutic oPtion are Provided in tables 1 and 2.

Among these recommended regimens, the pJactam

plus aminoglycoside combination represents the only
true combination theraPy aPProach. Several retrospective

studies, primarily conducted in high'resistance settings
(eg, Spain, Ti.iLrkiye, and Italy), suggest Potential survival

benefits in selected subgrouPs, particularly patients with
septic shock, Gram-negative bacteria (including
P aeruglnosol bloodstream infection, ot P aeruginoso

pneumonia, who received combination therapy with a

pJactam and an aminoglycoside for at least 2 or 3 days

(appendix pp 26-281.?'1s'x'' The combination emPirical

therapy should be maintained throughout the initial
management period until bloodstream infection can be

definitely ruled out. Current recommendations for
cephalosporins-Bll or carbaPenem-Bll combinations
are primarily based on clinical experience with targeted

use in resistant Gram-negative bacteria infections, as

evidence supporting their empirical use for fever in
patients with neutropenia remains scarce (table 2 and

appendix p 13).

Considerotions for rcsistant otgonism history and screening

Recommendation on EAI should consider recent

colonisation or previous infection with resistant Gram-

negative bacteria. This consideration is supported by

evidence from a large number of studies showing an

increased risk of invasive infections with colonising

resistant bacteria in patients with haematological

malignancies or HCT (appendix pp 12, 29\ and higher
mortality when appropriate therapy is delayed (appendix

P 13).s'11'12'34'rz3e4 The median interval fiom colonisation

detection to the bloodstream infection with the same

resistant Gram-negative bacteria was 5-48' 5 days

(range 0-180 days) across multiple studies,n44er'

including three studies where patients were followed for
180-365 days after colonisation detection, indicating that

recent colonisation might be associated with increased

risk of bloodstream infection. In the most recent

publication, the median time since colonisation detection

to concordant bloodstream infection in patients with
haematological malignancies ranged from 10 days for
third-generation cePhalosPorin-resistant Escheichia coli

to 58.5 days for difficult-to-treat resistant P aerug1nosa."

Therefore, screening for colonisation with resistant

Gram-negative bacteria, including ESBl'producing
EnterobacNerale.s, carbapenem-resistant Enterobocterales

(CRE), and difficult-to-treat resistant Pseudomonas, based

or
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ECIL-1o gmde

Empirielthenpy Targetedtherapy

4

CPE: KPC (ambler class A)

Ceftazidim*avibactam

Meropenem-vaborbactam

lmipenem{ilastatin-relebactam

Cefiderocol

CPE: O)G-48Jike (ambler clss D)

Ceftazidime-avibactam

Cefiderocol

CPE: MBL(eg, NDM,VIM. and IMP; amblerclas 8)

Ceftazidime-avibactam plus aztreonam

Cefiderocol

Combination therapywith a non-B-lactam agent is generally not recommended but it might be considered in the

following clinical conditions; (1) patients who are critically ill with sepsis or septic shock until clinical improvement,

or (z) difficult-to-treat infections (eg, pneumonia oruncontrolled infection source), or (3) infections dueto CPE with

MIC values nearthe resistance breakpoint (MlC can vary byone dilution)

Trcatment of difFcuh-to-trcat Gsistant Pseudomnos aeruginon

Ceftolozanetazobactam (hiqh dose of 9 grams per day)

Ceftazidime-avibactam

I mipenem{ilastatin-relebactam

Cefiderocol

Addition ofan active non-p-lactam antibiotic (eg, aminoglycoside, fluoroquinolone. or fosfomycin) can be considered

in: patientswho are critically ill (eg, sepsis, septic shock, orpneumonia) until clinical imProvement, or Poeruginoso infections

with MIC values near the rsistance breakpoint (MlC can vary by one dilution), or uncontrolled infection source in

combinationwith (1) ceftoloane-tazobactam, (2) ceftazidimuvibactam, (3) imipenem{ilastatirlelebactam,

or (.[) cefiderocol

TRatment of carbapenem-roistant Aci n etobader bauman nii

Sulbactam-durlobactamt plus high-dose imipenem

High dose sulbactam (>9 grams per day) plus other drug^'

Other combinationsr

Treatment of Stsnotruph omonos malld4,hilia

First-line therapy (whenever feasible), TMP-sMX in combination with levofloxacin*, or high dose tetracycline derivatives

(eg, minocycline or tigecycline) or cefiderocol

lfTMp-sMX not feasible (eg, resistance or intolerance) use one ofthe following two oPtionssi (1) two-drug combination

of levofloxacin (ifsusceptible). high dose tetracycline derivatives (eg, minorycline ortigerycline), or cefiderocol,

or (2) triple combination of ceftazidime-avibactam plus aztreonam and one of levofloxacin (if susceptible) or high dose

tetrarycline derivatives (eg, minocycline ortigecycline)

Dumtion of tfi enpy fot Gnm-negative b3ctcaemia

AntibiotiG can be discontinued after at least 7 days oftreatment when all symptoms and clinical signs of infection are

resolved and infection is microbiologically eradicated: (1) with neutrophil recovery, or (2) without neutrophil recovery

Forthe ECIL-10 gndc, sethe appqdix (p 23). CpE=Grbapeneme-produdng fnterobdcterole. ECIL-10=1Oth European Confrroceon lnfections in Leukaemia-

lMp=metallcpJactamde actjveon imipenem. KpC=(ebsiellc pneumonioe carbapenemoe. Mlc=minimal inhibitory concentration. MBL=metallo-P-lactmde, NDM=New

Delhi metallo-p-lactamse. OM-48-lik€=oEcillin-type 48 Flactamas. TMP-SMX=trimethoprlmulfamethoxazole. MM=Verona integrcn-encoded metallo-p-lactamre

'Empincd thenpy in patients coloni5ed orpreviously infectedwith ths Grm-negauve bact€ria tDurlobactam is curently not approvedfor use in Europe bytie European

Medicins Agency. (r) in @ sulbactam-durlobactam is not available; (2) in combination with any ofthe following agstr collstin (prefered agotwheneverposible),

cefidercol, tigecycltne, minocydine, md fosfomycin; or (l) combination oftwo ofthe follfling agenB-+refenbly colistin and cefidercol-if not posible or not available

un tigecyclini. mlnocydire, oifofomycin. tlevofloKin is llkely rct reiiable empiricalcoverag€ fot stenotrePhononc in centru where levoflorein is used for neutmpenic

propliyloir. 5St"p domto monotheapy might be coroidued after cliniol {ud microbiological, if applioble) rsponse is obtained andsuseptibilitytothe slngle agent is

confimed

, Ioblc2;Recommendationsforempiri6l*andtargetedthcrePyforresistantGnm-negativebacteria

Allu

Blltu

cllt

clll

Alltu

Blltu

cllt

cllt

Alltu

cltt

Alltu

Ellt

cilt

Alltu

cilt

Alltu

clll

Alltu

Alltu

Bllt

cilt

Alltur

Alltu

BIIt

Blltur

(1) Bllr, (2) Blll,

(3) Bilr, (4) Bilr

(1) Bllu, (2) clll

(1) Allu, (2) Bllu

Allt

Bilt

Bilt

Blltu

on the local prevalence of these bacteria, should be

considered in patients with haematological malignancies

or after HCT. This screening should start upon hospital

admission and continue regularly thereafter to guide

timely adjustment in emPirical theraPy. While the

optimal frequency of screening remains undefined in the

literature, the ECIL-l0 panel suggests weekly screenings,

as has been done in several shrdies.l'1e'5r-$ Additional
research is needed to establish a correlation between

screening for resistant bacteria, especially using
diagnostic platforms enabling raPid diagnosis of
resistance determinants and survival.

www.thelancet.com/infection Published online November 25, 2o25 https://doi.otglL0,LOl6157473-3099(25)00619'X



Review

Identifying an exact resistance prevalence threshold
that warrants broader sPectrum antibiotic therapy proves

challenging, as no specific cutoffs are established in the

current literature. Therefore, empirical choices should be

guided by comprehensive assessment incorporating
local epidemiology, patient-specific factors (eg, previous

antibiotic exposure and origin from high'resistance

regions), and results from colonisation screening

Progmmmes.

Empirical addition of antibiotics against resistant

Gram-positive bacteria
Although Gram-positive bacteria cause a substantial

amount of bloodstream infection in patients with febrile

neutropenia, most infections are due to low-virulence
pathogens, such as coagulase'negative staphylococa, and

mortality is generally low in Gram-positive bacteria

bloodstream infection."'tt'tu'7 Bloodstream infection
causedby Staphylococcus aureusis uncolnmon in patients

with neutroperna (0-3%o),'-s'B'145658 zlthough methicillin
resistance rates are substantial when it does occur.t'rt This

pattem mirrors S aureus resistance rates in the general

population, which varies considerably across European

countries (15-5I%), with rates gteater than 20y" in
southem Europe (eg, Porhrgal, Spain, Italy, Croatia,

Romania, Greece, and Cyprus)." Typical mucosal injuty-
associated infections due to streptococci and enterococci

are also uncorrunon, accounting for less than I5%o

of bloodstream infection in most studies; and
pJactam-susceptible strains are covered by some empirical
protocols, such as piperacillin-tazobactam.Hr3sE Routine

empirical addition of antibiotics targeting resistant Gram-

positive bacteria is not recommended for patients with
neutropenia and fever as this approach has not been

shown to decrease mortality when added for all these

patients upfront, or for these patients with persistent

fever.z6o Even empirical addition of antibiotics active

against vancomycin-resistant Enterococci infections and

penicillin-non-susceptible viridans-group streptococcal

infections did not decrease mortality in patients who

eventudly had bloodstream infection caused by these

pathogens (appendix p 13). However, there are specific

situations where the addition of empirical anti-Gram-
positive bacterial agents should be considered-for
example, adding anti-streptococcal coverage for patients

receiving p-lactams with limited activity against Gram'
positive bacteria (eg, ceftazidime, ceftazidime-avibactam,
and cefiderocol), especially in case ofsevere mucositis. The

beneflts of empirical addition of the anti'Gram-positive
bacterial agent cannot be ruled out in patients with septic

shock, as data in this specific situation are limited;
therefore, antibiotics active against resistant Gram-positive

bacteria should be added in patients who are

haemodynamically unstable.
Data fiom the general population, including some

patients who are immunocompromised, revealed that
inappropriate EAI was associated with mortality in

patients with methicillin-resistant S aureus (MRSA)

bloodstream infection.tt Therefore, agents targeting

resistant Gram-positive bacteria should be added

empirically during the first few days of management in
patients colonised with MRSA, or when there is a

suspicion of clinical infections caused by Gram-positive
bacteria, such as skin and soft tissue infections (table 1).

Data on MRSA screening at admission for haematological

malignancy or HCT and its association with subsequent

infection are scarce (appendix p 29). Therefore, the panel

could not make specific recommendations regarding

routine MRSA screening.

Recommendations for clinical management after

72-95 h from the onset of fever in patients with
neutropenia
ECII-10 panel recommendations imply antimicrobial
stewardship as a crucial comPonent in the management

of febrile neutropenic cancer. After 72-96 h, physicians

have to reassess the need for continuation, escalation,

de-escalation, or discontinuation of empirically started

antibiotic therapy based on the patient clinical condition,

documentation of infection, and microbiological results

(appendix pp 13-16; figures 1 and 21. The goals are to

minimise unnecessary antibiotic exposure, reduce the

risk of resistance development, and prevent the

occurence of adverse events.

Clinical algorithms (figures I and 2l and recom'

mendations with grading and levels of evidence guide

patient management aftet72-96 h of empirical therapy.

Figwe 1 addresses patients started on empirical mono-

therapy with piperacillin-tazobactam, ceftazidime,

cefepime, or cefoperazone-sulbactam, while figute 2

focuses on patients who presented with one of the

following: critical illness, haemodynamic instability,

previous colonisation or infection with resistant Gram-

negative bacteria, or treatment in high prevalence

resistance settings. Regardless of the initial treatnent
regimen, deterioration of a patient's condition should

prompt a thorough diagnostic workup and reassessment

of antimicrobial coverage with antibiotic escalation based

on the patient's history colonisation, and risk factors

(figures 1 and 2). Conversely, persistent fever in a stable

patient calls also for a comprehensive diagnostic workup
looking for other infectious and non-infectious

aetiologes, including opportunistic pathogens, but does

not impose an immediate change in antibiotic therapy.

In patients with microbiologically documented infections,

treatrnent shor.rld be based on susceptibility tests. C,onsider

de-escalating therapy to narrower spectrum, regardless of
the initial approadr (figures 1 and 2). The safety of this

approach has been shown in several non-RCIs (appendix pp

13-14). When a patient presents with a bloodstream infection

secondary to other infection focus (eg, abdominal),

antibiotics should targathe main potential pathogens ofthe
primary infectious site. Specific therapy for resistant Gram'

negative bacteria is addressed in the section on targeted
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lnitial therapy with carbapenem-

sparing monotherapy

Microbiologically documented
infection

Clinically documented inf€ction or

fever ofunknown origin

Clinical deterioration Patient5who arestablePatientswho are stable

FebrileAfebrile

fu sess microbiological response;

de-scalate to narrower 5Pectrum,

ifapplicable (Alluh)

Perform diagnostic workup;
re6sss antimicrobial coverage

based on patient's history,

colonisation, and riskfactors, and

in microbiologically documented
infection (b6ed on culture
resulti); consider resistant bacteria,

fungal, viral, and

non-infectious (auses (Bll)

Perform diagno5tic workup;
considerfungal, viral, and

non-infectious causes

Feverofunknown origin
Con5ider stopping antibiotics after

{8 h ofapyrexia (Al for patients at
intemediate riskand Bl forthose
at high risk)

Clinically documented infection
Considerstopping antibioti6 after
finalising the intended treatment

course ifafebrile for at lext 72 h,

when all symptoms and clinical

signs of infection are resolved

(Bllu)

Feverofunknown origin

Continue currenttherapy (Bl);

do not add anti-rsistant
Gram-negative (Dllu) or
Gram-positive (Dl) coverage; fever

alone i5 not acriterion to escalate

antibiotic

Clinically docum€nted infection
Evaluate appropriatene5s of initial
therapy (8lll)

Figure 1: lnitialtherapywith carbapenem-sParing monotheraPy

Forthe ECIL-10 grades, see the appendix (p 23).

therapy. In a Patient who is deteriorating with
microbiologically documented infection, apProPriate

supportive care should be initiated and transfer to the

intensive care unit (ICU) should be considered' Source

control, induding central venous catheter (CVC) removal, is

cnrcial in patients with sepsis when the CVC is the susPected

source ofinfection. CVC removal is indicated for comPlicated

CVC-related bloodstream infection (ie, sepsis, suppurative

thrombophlebitis, endocarditis, or Possible metastatic

seeding); for short-term CVC-related uncomPlicated blood-

stream infection due to coagulase-negative snphylococci,

S oureus, Entzronccus, Gram-negative baolli, Candida'

and mycobacterium; for long-term CVC-related uncom'

plicated bloodstream infection that continues despite longer

than72 h of antimicrobial therapy to which the infecting

microbes are susceptible; or infections dtte Io S aureus,

P oeruginam, fingi, or mycobacteria.6'z

Microbiological data should be reviewed considering the

identified pathogen and potential induced resistances, and

the likelihood of co-pathogens based on the clinical

presentation and source of infection. Antirnicrobial
coverage should be broadened as needed until the

diagnostic workup is complete. Also, antimicrobials

should be dosed appropriately based on their pharma-

cokinetic and pharmacodynamic proPerties, with
therapeutic dnrg monitoring performed if available. Other

infections (eg, virai, fungal, and parasitic) and the non-

infectious carxes ofdeterioration should be considered.

In patients with clinically documented infections, the

appropriateness of the antibiotic regimen should be

evaluated (figures 1 and 2). In patients who are afebrile,

consider discontinuation of aminoglycosides or of anti-

resistant Gram-positive bacteria antibiotics if these

agents were part ofthe initial empirical regimen (figure 2;

appendix pp 13-14).
In patients with fever of unknown origin who were

started with carbapenem-sParing monotherapy, continue

this therapy and consider stopping antibiotics after 48 h of
apyrexia. Persistence of fever in patients who are

haemodynamically stable with fever of unknown origin
should not automatically warrant escalation of antibiotic

therapy (fig*" 1). Consider discontinuation of
aminoglycosides or anti-Gram.positive bacteria antibiotics

if these agents were part of the initial empirical antibiotic
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lnitial therapywith a carbapenem with orwithout a

p-lactamase inhibitor, an anti-pseudomonal cephalosporin

with a p-lactamase inhibitor, cefiderocol, ora BJactam plus

aminoglycoside combination therapy

Microbiologically documented
infection

Clinically documented lnfection or
feverofunknown origin

Patients who are stableCritical illnessor
haemodynamic instability
atprsentation, no clinical

deterioration

Clinical deteriorationPati€nts who are stable

FebrileAfebrile

Asses microbiological

response; de-escalate to
narrowerspectrum, if
applicable (Alluh)

continue initial antibiotic
regimen (Blll)

Perform diagnostic workup;
re6sss antimicrobial
coverage based on patient's
history, colonistion, and

riskfactors, and in
microbiologically
documented infection-
based on culture results;

consider resistant bacteria,

funqal, viral, and non-
infectious causes (Blll)

Perform diagnostic workup;
considerfungal, viral, and

non-infectious caus$

Clinically documented
infection
Consider stopping

aminoglycoside orany
anti-16istant Gram-

positive componentof
combination therapy
(Blluh); consider stopping
antibiotic afterfi nalising

the intendedtreatment
course ifafebrile forat least

72 h, when all 5ymptoms
and clinical signs of
infection are resolved (Bllu)

Feverofunknown origin
Stop aminoglycoside orany
anti-resistant Gram-

positive componentof
combination therapy
(Blluh); switch to a

narower5pectrum agent

(Blluh); considerstopping
antibiotiG after 48 h of
apyrexia (Al forpatients at
intermediate riskand Bl for
tho5e at high risk)

Clini6lly documented
inf€ction
Evaluate appropriateness of
initial therapy (Blluh)

Fever ofunknown origin
Stop aminoglycoside orany
anti-rsistant 6ram-
positive componentof
combination therapy;

continue the same P-lactam
orswitch to a narrower

spactrum agent (Blll)

aminoglycoside combination thenPy
Forthe ECtL-10 grades, see the appendix (P 23).

regimen; de-escalation to narrower sPecblm; and

stopping antibiotics after 48 h of apyrexia (figure 2;

appendix pp 13-16).

Discontinuation of antibiotic therapy
Five RCIs, 29 non-RCIs, and three meta-analyses have

examined early antibiotic discontinuation before

neutrophil recovery in patients with fever of unknown
origin, dinically documented infections, and micro'
biologkally documented infection (appendix Pp 14-76'

30).''o' In patients who are afebrile, short duration of EAI
was associated with decreased antibiotic exPosue in most

studies without increasing the risks ofsepsis, septic shock,

ICU admission, or mortality when compared with
long-term treatrnent duration. However, one RCT rePorted

increased overall and infection-related mortality in patients

who discontinued EAT while still febrile't This study also

found increased treatrnent failure risk with short versus

long EAI duration in patients with an initial Multinational
Association of Supportive Care in Cancer (MASCC) score

less than 21 (ie, patients with more severe illness) while no

difference ocflrred in the patients with less severe illness

with a MASCC score equal or greater lhan 21."7 Mortality
was not increased following early antibiotic discontinuation
in two meta-analyses.q6t Another meta-analysis reported

that early EAT de-escalation and discontinuation were
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associated with decreased mortality.6r Yet, these studies

combined outcomes from patients at high risk
(eg, allo-HCT recipients or patients with acute leukaemia
with anticipated neutropenia lasting more than 10 days),

together with patients at intermediate-risk (eg, auto-HCT
or lymphoma with an expected profound neutropenia of
7-10 days), with patients at intermediate'risk representing
most patients included in the RCL" The limitations of
these data are presented in the appendix (pp 15-16).

Based on these data, ECIL'10 recommends considering
EAI discontinuation before neutrophil recovery in patients

who are afebrile and haemodynamically stable with fever

of r.rnknown origin, dinically documented infections, or
microbiologically documented infection. For patients with
fever of unknown origin, discontinuation after confirming
negative blood cultures is strongly recommended for
patients at intermediate risk and moderately recommended
for patients at high risk (table 3). For patients with dinically
documented infections or microbiologically documented
infections, discontinuation can be considered after
completing the intended treatrnent course with confirmed

dinical and, if appropriate, microbiological resolution, if
the patient is afebrile for at leastT2h (table 3).

Universal follow-up blood cultures to document
clearance ofbloodstream infection should be considered

selectively based on the specific pathogen involved and
dinical circumstances, such as bloodstream infection
caused by S aureus, enterococci, resistant Gram-negative

bacteria, Candida spp, suspected or proven infective

endocarditis, and endovasctrlar infections.t''' In other
dinical scenarios, follow-up blood cultures are typically
unnecessary in patients with febrile neutropenia,
particularly in those who have defewesced and show
clinical improvement The yield of follow-up blood ctrlture
is very low in patients who are persistently febrile, except

when evaluating for breakthrough pathogens resistant to

current antibiotic therapy or in the setting ofnew dinical
instability.'G"

As patients with neutropenia remain at risk for severe

infections, close monitoring and Prompt reinitiation of
antibiotics at the first sign ofa new infection are essential.

Centres using antibiotic prophylaxis should consider
restarting prophylaxis upon discontinuation of empirical
therapy if neutropenia persists according to individual
centre policy.

Targeted therapy for Gram-negative infections
National and international recommendations have

established clinical management protocols for infections
caused by resistant Gram-negative bacteria in patients
who are not immunocompromised.toorol In tlhe current
document, the ECIL-10 panel provides treatment
recommendations for patients with febrile neutropenia
for four key resistant bacterial types: CPE categorised

by specific enzyme type, difficult-to-treat resistant
P aeruginosa, CRAB, and Stenotrophomonos maltophilia
(table 2).

21 indication-based RCIs (and two sub-analyses) have

shown the non-inferiority of the cephalosporins with BLI,

carbapenems with BLI, and cefiderocol compared with
other treatrnents for nosocomial pneumonia, complicated

intra-abdominal infections, and complicated urinary tract
infections (appendix pp 16, 18, 31-36). However, few

patients with CRE or CPE, multidrug-resistant or

carbapenem-resistant P aeruginosa (CRPA), CRAB, and

S malnphilia were included in these trials, and outcomes

of patients with resistant Gram-negative bacteria were

rarely reported. All but one trial excluded patients who are

immunocompromised.lo' The new antibiotics were

predominantly used as monotherapy (except when

metronidazole was added for complicated intra-abdominal
infections).

Six pathogen-based RCT and eight follow-up analyses

specifically examined treatrnent of resistant Gram'negative

bacteria. Eight studies covered multidrug-resistant Gram-

negative bacteria, t}ree carbapenem-resistant Gram-

negative bacteria, one CRE, one CRAB, and one CRPA.

Three ofthese studies induded patients who are immuno-
compromised (appendix pp 31-36). Observational data for
patients who are immunocompromised (including those

with haematological malignancy or HCT) remain scarce.

Most available information focused on ceftazidime-
avibactam treatment for KPC-producing CPE, with there

being limited data on OXA-48-like CPE and dfficult-to-
treat resistant P aeruginoso, and minimal data on

MBl-producers (appendix pp 16-19, 37-49). Studies often
failed to dearly report on patient numbers and on the

specific underlying immunocompromising conditions,

and few compared different treatrnent options. Among
studies of patients with haematological malignancies

and HCI, very few specified how many patients had

neutropenia. For example, observational studies on

ceftolozane-tazobactam treatrne nt of P aeruginosoinduded

136 patients with neutropenia across studies.'q'o'

Eight studies reported 547 neutropenic patients with CPE

treated with ceftazidime-avibactam, while one study
induded iust eight patients with neutropenia treated with
meropenem-vaborbactam.'*11'z Notably, neutropenia was

associatedwith greater mortality in flve ofthese studies.t*tot

Multiple studies have doctrmented the development of
antibiotic resistance during treatrnent with these newer

antibiotics (appendix pp 37-49).36'r0r'105'16'tr2-tr6

T r e otm e nt of c arb ap e n e m ase - p r o du ci n g E nter ob o cte r al es

infections
Observational studies including patients who are

immunocompromised have reported higher clinical cure

and survival rates in patients with CRE (including CPE)

treated with ceftazidime-avibactam (combined with
aztreonam for MBl-producing CPE) compared with
older best available treatments (appendix pp 37a\.
These findings align with those in the general population
(appendix pp 50-53). Recommendations for imipenem-
cilastatin-relebactam, meropenem-vaborbactam, and
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Recomrnendatioro ECIL-10 Grade

Feverofunknown odgin

Patientswho are afebrile for at least 48 hours and

remained haemodynamically stable since presentation

Patients who are afebrile whose antibiotics were

discontinued, particularly if neutropenia persists

Patients who are afebrile with antibiotic discontinued

before neutrophil recovery in centreswhere prophylactic

antibiotic are routinely used for neutropenia

Patients who develop recurrent fever after stoPPing

antibiotiG (after initial deferuescence)

Patients with persistent fever and haemodynamic

stability (patients at high riskor intermediate risk)

Discontinue empirical antibiotictherapy after at least 72 h, regardless of

the neutrophil count orthe anticiPated duration of neutroPenia

Close inpatient or outpatient clinical obseruation is recommended

Consider resuming antibiotic prophylaxis

Bl forpatients at high

risk* and Al for patients

at intermediate risk*

Allu

cilt

Allu

(1) Br, (2) cilr

Allu

Antibiotic should be promptly restarted after clinical evaluation and

appropriate microbiological workup

(1) Continue empirical antibiotictherapy; or (2) continue diagnostic

efforts to identi! occult infections or alternative explanation offever;

discontinuation of empirical therapy can be considered at a later stage,

once a bacterial source has been reasonably ruled out

Microbiologically d*umented infectiom, clinically documented infectioro

patients who have completed the i ntended treatment Consider discontinui ng antibiotic therapy before neutroph il recovery

course, are haemodynamically stable, afebrile for
at leastT2 h, have resolution ofall symptoms and

clinical signs of infection, and have microbiological

eradication of infection (when re-sampling is feasible)

patientswho are afebrile whose antibiotiG were Close inpatientor outpatient clinical observation is recommended

discontinued, particulally if neutropenia Persists

patients who are afebrile with antibiotics discontinued consider resuming antibiotic prophylaxis

before neutrophil recovery in centreswhere prophylactic

antibioti6 are routinely used for neutropenia

patients who develop recurrent fever after stopping Antibioti6 should be promptly restarted after cli nical evaluation and

antibiotic(afterinitialdefewescence) appropriatemicrobiologicalworkup

,f*th"tC-fOgoao,stieappendix(p23).*Forpatientiathighrislcallogeneichaematopoieucstemcellva6plmtattonredpi€ntsorpatientswitiacuteleukamiawith
ilticipated neutrcpenia of more than 10 days, For patists at intemedlate rislc autologous haematopoietic stem cll ttatrplmtation rccipients or other patients (eg, with

' tmphoma) wift an expcted prcfound reutrop€nia of7-10 dat6.? l

'TcUcarRecommendationsfortfiedrrationofantibiotictherapyardmanagcmentfollowingantibioticdiscontinuation

Bllu

Allu

cefiderocol are based on scarce evidence, including
pathogen-targeted RCT with few patients with
CRE and CPE and few non-comParative studies in
patients who are immunocompromised (appendix

pp 16-18). No data on aztreonam-avibactam in patients

who are immunocompromised were available at the time
these recommendations were develoPed. A recent RCT

in a general population included only a few patients with
MBl-producing CPE.il? Due to insufficient evidence, no

recommendation could be made for this antibiotic
combination.

Current evidence does not suPPort routine use of
combinations of p-lactam antibiotics with non-p'lactam

agents for treating CPE infections. This conclusion is
supported by RCTs in the general population, meta'

analyses, and observational studies, including Patients
who are immunocompromised (appendix Pp 3749'
54-551.r0s'rozmr'ru'11r'iltsr26 However, these studies have notable

limitations: they are low quality observational studies,

they often used cePhalosporins-Bll or carbapenem-Bll
combinations or cefiderocol in combination without
analysing specific drug combinations separateh they did
not stradfy results by individual antibiotics, and they did
not separately analyse patients who are immuno-
compromised. Selectionbias was possible as combination

therapy was often reserved for patients who are critically
ilI. Given these limitations, combination therapy

involving active pJactam and a non-p'lactam antibiotic
(mostly aminoglycoside) might still be considered for
patients who are critically ill or those with difrcult+o'
treat CPE infections (table 2).

Treatment of diffi cult-to-treot resistant Pseudomonss

aeruginosainfections
P aeruginosa can develop resistance to multiple antibiotic
classes, primarily via non-enzymatic mechanisms. These

recommendations focus on difficult-to-treat resistant

P aeruginoso infections."T Observational studies in
patients with haematological malignancies or undergoing
HCT have shown improved outcomes in P aeruginosa

infections, particularly multidrug-resistant, extensively-

drug-resistant P aeruglnoso and CRPA, treated with
ceftolozane-tazobactam (often with high doses of
9 g per day) or ceftazidime-avibactam, comPared with
the best available therapies (appendix pp 18-19' 3749,
54-55;.'r'trt,tt, Both agents were frequently used in
combination with other antibiotics-ie, in 42-75ol" ofcases.

No data are available for imipenem-cilastatin-relebactam
in patients who are immunocompromised. Data on
cefiderocol treatment in patients with haematological
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malignancies or undergoing HCT with P oeruginosa

infection are restricted to small case series and individual
case reports, with some showing resistance development

during treatment.1l6
Mixed results were obtained from combination therapy

for P oeruginosa infections (appendix pp 37-49, 54-55). In
observational studies in patients with haematological
malignancies or undergoing HCT newer antibiotics
were often used in combination. One meta-analysis of
eight non-RCTs, which included 238 (60'9%) of
391 patients with P aeruginosa infections, found a

significant reduction of mortality when ceftolozane-
tazobactam was used in combination versus

monotherapy.t'o However, two other meta-analyses found
no significant outcome difference when ceftazidime-
avibactam was used alone versus in combination.lrer2'Yet,

while patients who are immunocompromised were

included in these analyses, they were not analysed

separately.
Given the available data, reports of resistance

developing during treatrnent, and the particularly poor
prognosis of patients with neutropenia and P aeruginosa

infections, the ECIL-l0 panel recommends a different
approach than standard intemational guidelines for the

general population.toorot In recognition of the unique
challenges and higher risks faced by patients with
neutropenia, the panel suPports the use of combination
therapy for selected infections caused by difficult-to-treat
resistant P aeruginosa, as specified in table 2.

Tr eatm ent of catbopene m-r esistont Aci n etobacter bou m an nii

infections
Sulbactam remains a comerstone in the treatment of
CRAB, particularly when administered in high dosages

(>9 g daily) and combined with other agents (table 2;

appendix pp 19-20,37-61;.'o'''-'n The preferred regimen
is sulbactam-durlobactam combined with imipenem.''
In settings where durlobactam is unavailable, the panel

recommends combining high-dose sulbactam with
colistin, which has historically been widely used for the

treatment of CIll\B.101't3r 131 While cefiderocol monotherapy

has been associated with higher mortality in RCTs,

cefiderocol-based combination therapies have shown

improved clinical outcomes in meta-analyses and

retrospective studies.tttt* Therefore, these combinations
are considered a favourable option in cases ofsulbactam
resistance and when colistin cannot be used.

Evidence supporting the use ofother agents, such as

fosfomycin, minocycline, and tigecycline, which are

often used in combination for CRAB infections, is scarce

and primarily derived from retrospective studies with
variable outcomes. High'dose tigecycline can be used if
tolerated but should be avoided when the minimum
inhibitory concentration (MIC) exceeds 2 mg pet L, and
is not recommended for bacteraemia, pneumonia, or
urinary tract infections. High-dose tigecycline use should
be limited to intra-abdominal infections and skin and

soft tissue infections. High-dose minocycline can serve

as an alternative to tigecycline. In case of sulbactam

resistance (MIC >16 mg per L), combination therapy

should be considered. Colistin is preferred as one ofthe
components, with other options including cefiderocol,

tigecycline, or minocydine and fosfomycin.
Combination therapy is recommended as first-line

therapy in patients who are immunocompromised and

have CRAB infections, particularly until antibiotic

susceptibilities are available (table 2). This strategy is

justified by the high risk of these patients, the risk of
poor clinical outcomes with inadequately therapy, the

high prevalence of resistance, and the potential for
selection of multidrug-resistant isolates.

Treatment of Stenotr ophom o nas maltophilia inf ections

Trimethoprim-sulfamethoxazole has been the comerstone

of therapy for S maltnphilia infections. However, several

observational studies and meta-analyses, primarily
involving patients with pneumonia in ICU, have shown

similar or even superior outcomes with fluoroquinolones,
and similar outcomes with tetracydine derivatives

(appendix pp 20-221.1'rtns One study showed improved

outcome with minocydine therapy.'* Cefiderocol and the

combination of ceftazidime-avibactam plus aztreonam are

newer agents with in vitro activity against S malaphilia.

However, dinical data supporting their use, particularly in
patients with haematological malignancies, remain scarce

(appendix pp 62-66).
Given the high mortality rates, exceeding 50%o in adult

and paediatric HCT recipients, emerging resistance,

and some data showing benefit of combination

therapy, ECII-10 recommends using trimethoprim-
sulfamethoxazole (8-12 mg per kg daily of trimethoprim
component) and ceftazidime-avibactam plus aztreonam

or cefiderocol in combination with another active

agent.'ot'oo Options include levofloxacin (especially for
pneumonia) or high-dose tetracycline derivatives

(minocycline or tigecycline) or cefiderocol in addition to

trimethoprim-sulfamethoxazole (table 2). For patients

who have received levofloxacin prophylaxis, levofloxacin

can be a less reliable treatment option due to the potential

risk for developing resistance from prolonged exposure.

In all cases, de-escalation to monotherapy can be

considered once a favourable clinical response is

observed and, if applicable, microbiological clearance is

achieved, provided that susceptibility to the monotherapy

agent has been confirmed.

Duration of treatment of Gram-negative bacteraemia

Four non-RCT studies compared short versus long

(11-21 days) durations of antibiotics in 432 versus

482 adult patients with haematological malignancies or

HCT with Gram-negative bacteria bacteraemia."*ttt Short

duration was defined as 7-11 days,"o 7 days,or*' or 8 days

(IQR 7-10).63 Two studies induded Patients with
P aeruginosa bacteraemia, while the third one focused

10 www.thelancet.com/infection Published online November 25, 2025 httPs://d oi.otglto.LoL6lSa4T3-3099(25)0o519-X
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exclusively on patients with P aeruginosabaderaelllia'l5o151153

A11 studies induded bacteraemia caused by resistant

Gram-negative bacteria (including ESBl-producers, CRE,

and muttidrug-resistant P aeruglnosol. Among the

four non-RCIs, resistant organisms were identified in
73 (L6.9%l of 432 patients in the short-dwation groups

and 105 (2I.8%l of ,t82 patients in the long-duration

groups. The source of bacteraemia, primarily abdominal

or CVC-related, was identified n 45-70% of cases. Source

control (induding CVC removal) was observed in most

patients (69.2-100%1. In three studies, 11-72 patients

discontinued antibiotics while still having neutropenia'"'"'
Importantly, short-course antibiotic therapy was not

associated with increased mortality, ICU admission, septic

shock, or infection relapse, even among patients with
neutropenia and those with P aeruginosabacteraemia.r''r'

Based on these findings, the ECIL-l0 panel

recommends discontinuation of antibiotic therapy after

completing the intended treatment course (at least

7 days) in patients who are afebrile and clinically stable,

regardless ofneutrophil count and expected duration of
neutropenia (table 2). Evidence for this recommendation

is limited (only four non-RCTs) and short course was not
consistently defined, sometimes including up to 11 days

oftherapy. Duration oftherapy should be individualised.

A shorter course might be reasonable for patients with
Gram-negative bacteraemia who improve rapidly and

have no clear focus ofinfection. In contrast, patients with
Gram-negative bacteraemia who have a slower clinical

response or a clear focus of infection (eg, typhlitis or
pneumonia or perirectal phlegmon) might require a

longer treatment course.

Conclusion
The ECIL-l0 consensus provides strategies for the

management of febrile neutropenia in patients with
haematological malignancies and HCT with maior

emphasis on antimicrobial stewardship in the era of
escalating antimicrobial resistance, particularly among

Gram-negative pathogens. The recommendations

highlight the need for an individualised approach driven

by illness severity and local epidemiology, with clinical

management algorithms that extend beyond the

consideration of initial empirical treatment alone.

Antimicrobial stewardship strategies are essential to
preserve antibiotic efficacy and mitigate emerging

resistance. These strategies include using combination
regimens only when dearly warranted, de-escalating to

narrower-spectrum agents, implementing shorter

treatment durations, and discontinuing therapy for all

types of infection documentation regardless of neutrophil
count. However, considerable gaPs remain in our
treatment strategies and there are still important
limitations of the existing literature (addressed in the

appendix pp 11-16). Future research should focus on

refining the assessment of infectious and non-infectious

fevers of unknown origin, including those due to the

Search strategy and selection criteria

The working group was divided into subgroupsto address

selected subtopics. Each subgroup searched PubMed for

potentially relevant articles published in English from

Jan 1, 2011 to Sept1., 2024, and analped relwant articles for

study design, population, endpoints, and main findings

(search terms are in the appendixpp 3-11). For empirical

therapy, the group specifically addressed monotherapy versus

combination therapy. the use of new piactam antibiotics and

the continuation, escalation, de-escalation, discontinuation.

and duntion oftherapy as essential elements ofantimicrobial

stewardship. Original studies performed in high-income and

middle-income countries, in children and in adults, and meta-

analyseswere included. Articles identified from these searches

and relevant references cited within them were rEuiewed. For

targeted treatment of resistant Gram-negative bacteria, the

group analysed data from nndomised controlledtrials and

meta-analyses in the general population and observational

studies in patients with haematological malignancies or

following haematopoietic cell transplantation, when

available. ln the absence of published dat4 observational

studies in the general population or case reports were

reviewed. Each topic search was performed by

two group members and approved bythe othen.

immunomodulatory therapies, and defining optimal
treatments for multidrug'resistant Gram-negative

bacteria. The lack of RCTs in patients with haematological

malignancies and HCT limits definitive guidance on the

use of newer therapeutic agents, including combinations

of p-lactam and BLI or cefiderocol, and addressing

specific scenarios and subgroups ofpatients with febrile
neutropenia.
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At the 10th European Conference on Infections in Leukaemia (ECIL), the guidelines for antifungal prophylaxis in pediatric and adult
patients with hematological malignancies (HM) were updated and some changes introduced. Regarding acute myeloid leukemia
(AML) and myelodysplastic syndromes (MDS) patients undergoing remission induction chemotherapy, a B-II grading has been
assigned to isavuconazole, micafungin, and caspofungin, based on non-randomized studies that have shown efficacy in preventing
invasive fungal diseases (IFD). Regarding high-risk MDS patients treated with azacytidine, prophylaxis with posaconazole during the
first four cycles of treatment is supported in the literature. Prophylaxis is not indicated in patients treated for myeloproliferative
neoplasms (NPM), acute lymphoid leukemia (ALL), and Hodgkin lymphoma (HL). For patients with chronic lymphocytic leukemia
(CLL) and non-Hodgkin lymphoma (NHL), prophylaxis is not generally indicated. For patients with multiple myeloma (MM),
prophylaxis is not indicated and the limited epidemiological data available do not support the use of prophylaxis in subjects treated
with bispecific antibodies. For patients undergoing allogeneic hematopoietic stem cell transplantation (HSCT), no substantial
changes were made, apart from the addition of isavuconazole with grading B-II in the post-engraftment period. In patients
undergoing auto-HSCT, antifungal prophylaxis is not indicated. Previous ECIL guidelines did not include CAR-T cells. The expert
panel proposes to endorse the use of anti-mold prophylaxis in high-risk patients during pre-infusion and post-infusion, while in
low-risk patients, anti-yeast prophylaxis can be recommended (B-II). For pediatric hematology patients, based on newly published
data, caspofungin received a B-I grading as mold-active prophylaxis. Moreover, patients with ALL with insufficient treatment
response during induction therapy, and children older than 12 y.o are now considered at high risk for IFD and are recommended to
receive antifungal prophylaxis.
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INTRODUCTION
In 2005, the European Group for Blood and Marrow Transplanta-
tion (EBMT), the European Organization for Research and
Treatment of Cancer (EORTC), the European Leukemia Net (ELN),
and the International Immunocompromised Host Society (ICHS)
inaugurated the European Conference on Infections in Leukemia
(ECIL). Its main goal was to establish guidelines or recommenda-
tions for the management of infections due to bacteria, viruses,
parasites, and fungi in patients with leukemia and in patients
undergoing hematopoietic stem cell transplantation (HSCT) [1].
The prevention of invasive fungal disease (IFD) has been one of
the key topics from the beginning [1, 2].

The ECIL committee aims to update their guidelines regularly
based on current available evidence. During the fifth and sixth
meetings (2013 and 2015), guidelines on antifungal prophylaxis
for adults were extensively revised, and during the ninth meeting
(2021) recommendations for antifungal prophylaxis in pediatrics
were developed [1, 3].
An update of previous recommendations was already done in

2018 [4], but over the last few years, several new antineoplastic
drugs have been introduced into clinical practice for all
hematological malignancies (i.e. BCL-2 inhibitors, FLT-3 inhibitors
in acute myeloid leukemias, Bruton Tyrosine Kinase inhibitors
(BTKIs) other new tyrosine kinase inhibitors (TKIs), bispecific
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monoclonal antibodies). In addition, new cellular therapy proce-
dures, such as chimeric-antigen receptor T (CAR-T) cell treatments,
are now increasingly used. Therefore, at the ECIL-10 meeting in
September 2024, a detailed review of the recent literature was
conducted, with the agreed proposals summarized in this review.

METHODOLOGY
The methodology of the ECIL conferences has previously been
reported [1, 3].
A working group of experts in the field was nominated several

months in advance of the biennial conference and was charged
with reviewing the literature published since the last update of the
guidelines.
A literature review was performed using the PubMed database

for publications up from September 2015 and the working group
co-authoring this manuscript reviewed all publications identified.
Recommendations drawn from data available only as abstracts
were provisionally graded, pending the publication of the full
papers. The quality of evidence and strength of recommendation
were graded according to the EBM grading system of ESCMID
(Table 1) [5].
The working group compiled a slide set discussed in several

consecutive online group meetings and electronic communication
until two weeks before the ECIL-10 plenary meeting held on
September 20th, 2024. The final slide set, approved by all group
members, was sent by email to all ECIL-10 participants before the
plenary. On the day of the meeting (September 20, 2024), the
slides were presented by the working group and interactively
discussed during a plenary session. The comments made during
the plenary discussion were reviewed by the members of the
working group in a closed session and recommendations revised
accordingly.
The final set of recommendations was thereafter discussed with

the ECIL-10 plenary until consensus was reached.
The approved slide set was published on the ECIL website

(https://ecil-leukaemia.com/en/resources/resources-ecil), with

comments invited for over a month (November 2024). All members
of the working group then approved the final set of
recommendations.
The final manuscript has been written and revised by all co-

authors.

ACUTE MYELOID LEUKEMIA (AML)
Two new major issues have been addressed since the publication
of the previous ECIL guidelines on antifungal prophylaxis [4].
Oral isavuconazole has been studied for primary antifungal

prophylaxis in 65 patients undergoing remission induction
chemotherapy in an open-label phase II study [6]. One patient
developed a proven IFD and another 3 a probable IFD. When
compared with posaconazole and voriconazole in a retrospective
analysis of 277 patients with newly diagnosed AML, the incidences
of breakthrough IFD were 2.9% for posaconazole, 4.8% for
voriconazole, and 5.7% for isavuconazole (p= 0.55) [7]. While
isavuconazole is not approved for antifungal prophylaxis in
Europe (nor in the United States), the expert panel consider that
isavuconazole may be considered for antifungal prophylaxis in
selected adult patients undergoing remission induction therapy
for AML and for whom posaconazole is not appropriate (e.g., liver
function abnormalities, QTc prolongation, drug-drug interactions,
intestinal absorption issues).
The benefit from systemic antifungal prophylaxis in patients

undergoing consolidation chemotherapy for AML was retrospec-
tively analyzed in a large SEIFEM study [8]. Among 2588 adult and
pediatric patients, invasive aspergillosis was diagnosed in 34/1137
(2.9%) patients receiving no antifungal prophylaxis, compared with
22/1451 (1.5%) patients who were given antifungal prophylaxis
(p= 0.01). The number needed to treat to prevent one invasive
aspergillosis was 71 patients [8]. Systemic antifungal prophylaxis has
been given a B-IIu recommendation for AML patient undergoing
consolidation chemotherapy.
For patients undergoing AML treatment with one of the newer

systemic agents such as venetoclax, FLT3 inhibitors, or ivosidenib,

Table 1. Evidence-based medicine grading system according to the European Society for Clinical Microbiology and Infectious Diseases (ESCMID).

Strength of recommendation (SoR)

Grade Definition

A ECIL strongly supports a recommendation for use

B ECIL moderately supports a recommendation for use

C ECIL marginally supports a recommendation for use

D ECIL supports a recommendation against use

Quality of evidence (QoE)

Level Definition

I Evidence from at least 1 properly designed randomized, controlled trial (orientated on the primary
endpoint of the trial)

II Evidence from at least 1 well-designed clinical trial (including secondary endpoints), without
randomization; from cohort or case-controlled analytic studies (preferably from >1 center); from multiple
time series; or from dramatic results of uncontrolled experiments

III Evidence from opinions of respected authorities, based on clinical experience, descriptive case studies, or
reports of expert committees

Added index for source of level II
evidence

Index Source

r Meta-analysis or systematic review of randomized controlled trials

t Transferred evidence, that is, results from different patient cohorts, or similar immune-status situation

h Comparator group: historical control

u Uncontrolled trial

a Published abstract (presented at an international symposium or meeting)
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the recommendations on indications and the proper selection of
agents for systemic antifungal prophylaxis, as given by the ECIL-9
guideline [9], are reinforced by the present updated guideline.
Recommendations for appropriate dose adjustments in case of
relevant pharmacological drug-drug interactions were thereby
addressed as well.
Beyond these issues, the grading of recommendations has been

modified for itraconazole (from B-I to C-I) and micafungin (from
C-II to B-II), and a recommendation for “super bioavailable”
(SUBA)-itraconazole has been added (C-II).
In comparison to posaconazole, itraconazole was shown to be

less effective and less reliable concerning drug levels than
posaconazole in AML patients [10, 11]. As SUBA-itraconazole has
become available, “classic” itraconazole has been slightly
downgraded (C-I).
SUBA-itraconazole has been clinically investigated for pharma-

cokinetics, tolerability, and safety in several cohort studies including
patients with hematologic malignancies and allogeneic HSCT
recipients as well as solid organ transplant recipients [12, 13].
In our former recommendations, echinocandins as a group were

graded as “C-II”, because of their narrower spectrum of antifungal
activity when compared to amphotericin B and most triazoles, and
sparse clinical data on their use as antifungal prophylaxis in
patients with hematologic malignancies. As more detailed data for
the efficacy and safety of micafungin are now available for AML
and myelodyplastic syndromes (MDS) patients as well as for
allogeneic HSCT recipients, micafungin has now been upgraded to
B-II [14–16].
Table 2 shows the new recommendations compared to those

suggested during ECIL-5.

Myelodysplastic Syndromes (MDS)
For patients with low-risk MDS receiving transfusion-supportive
treatment or treated with growth factors (i.e. erythropoietin), no
increased risk of IFD has been reported, and therefore no antifungal
prophylaxis is indicated (D-I). The introduction of luspatercept does
not change this recommendation. The COMMANDS study compar-
ing luspatercept versus erythropoietin which enrolled over 600
patients, did not report any case of IFD [17].
For patients with high-risk MDS receiving intensive AML-like

induction (and consolidation) chemotherapy treatment, the
recommendation to administer antifungal prophylaxis has not
changed (A-I) [4]. The situation is different for intermediate and
high-risk patients receiving treatment with azacytidine. A review
of the literature in recent years shows an increased risk of IFD,
especially during the first 4 cycles of treatment with an incidence
ranging from 3% to 12% [18]. When antifungal prophylaxis was
administered in most patients, the rate of IFD was 3-8% [18–20],
while in series where the proportion of patients receiving
antifungal prophylaxis was very low, the rate of IFD rised to 8-
12% [21–27]. The new recommendation for these patients is
therefore to use antimold prophylaxis during the first 4 cycles of
azacytidine treatment (B-IIu).

CHRONIC MYELOPROLIFERATIVE NEOPLASMS
Regarding patients with chronic myeloid leukemia treated with TKIs
(imatinib, dasatinib, nilotinib, ponatinib, asciminib) and Philadelphia
chromosome-negative myeloproliferative neoplasms, including
those treated with ruxolitinib [28–34] an increased risk of IFD is
not reported and antifungal prophylaxis is not indicated (D-I).
Table 3 shows the new recommendations compared to those

suggested during ECIL-5.

ACUTE LYMPHOBLASTIC LEUKEMIA (ALL)
Adults with ALL are usually treated with an intensive polyche-
motherapy regimen inducing prolonged neutropenia and receive

corticosteroids. Therefore, these patients are at risk of developing
IFD. The incidence of IFD in this population varies between 4 and
18%, which is rather similar compared to that observed in AML
[35]. Although TKIs (e.g. imatinib, nilotinib, ponatinib) used for the
treatment of Philadelphia chromosome-positive ALL have been
associated with IFD, the actual IFD incidence seems to be low
(< 1%) [36]. Novel specific monoclonal antibody therapies used for
ALL (e.g. blinatumomab, inotuzumab ozogamicin) have not been
associated with a higher IFD incidence compared to the standard
of care in randomized controlled trials [37, 38].
Antifungal prophylaxis in this population is hampered by the

drug-drug interaction between triazoles and vincristine, an
important component of most ALL chemotherapy regimens.
Concomitant use of triazoles may result in increased vincristine-
related neurotoxicity because this later drug is metabolized by the
CYP3A4 cytochrome. Studies in children with ALL suggest a
significantly higher risk of vincristine-related neurotoxicity with
voriconazole or itraconazole, while the use of fluconazole seems
to be safer [39, 40]. However, data on adults are lacking. Studies
assessing the efficacy of antifungal prophylaxis in ALL adult
patients for the prevention of IFD are heterogeneous and scarce
[41–43]. One randomized controlled study failed to demonstrate
the benefit of twice weekly intravenous liposomal amphotericin B
(5 mg/kg) versus placebo with a higher incidence of drug-related
adverse events in the treatment arm [44].
Antifungal prophylaxis with a mold-active triazole, such as

voriconazole or posaconazole, is not recommended because of
interactions which could increase the toxicity of vincristine (D-II).
Although data are still lacking, isavuconazole might be considered
with caution, considering its lower inhibitory effect on CYP3A4
(C-III). Similarly, fluconazole might be considered with caution for
prevention of yeast infection (C-III). Alternative anti-mold prophy-
laxis (e.g. liposomal amphotericin B, echinocandins) might be
considered in high-risk patients (i.e. prolonged chemotherapy-
induced neutropenia), but no benefit has been shown to date. No
antifungal prophylaxis is recommended for ALL patients receiving
only TKIs (D-III) (Table 4).

CHRONIC LYMPHOCYTIC LEUKEMIA (CLL)
The incidence of IFD in patients with CLL is overall low (0.5 to 3%)
and varies according to the type of treatment [45–48]. These
patients present with a large and diverse spectrum of immuno-
suppression, from untreated patients with different degrees of
neutropenia, patients treated with corticosteroids, anti-BCL2 (e.g.
venetoclax), or BTKIs (e.g. ibrutinib). Treatment with ibrutinib or
other BTKIs is associated with the highest IFI incidence in this
population (2 to 3%) [46, 49, 50]. One small retrospective analysis
showed a significantly lower IFD incidence among ibrutinib-
treated CLL patients receiving antifungal prophylaxis (mainly
fluconazole) versus no prophylaxis [51].
Antifungal prophylaxis is not routinely recommended in CLL

patients (D-III) but may be considered in selected refractory cases
with prolonged neutropenia or BTKIs therapy (C-II). In the case of
co-administration of venetoclax, antifungal prophylaxis should be
avoided or used cautiously because of drug-drug interactions (i.e.
adjustment of venetoclax dosing is needed with therapeutic drug
monitoring of the antifungal agent) (Table 4).

MYELOMA
Reported IFD incidences in myeloma patients treated with conven-
tional chemotherapy combinations have been low (< 1%) despite
the presence of risk factors for IFD such as high doses of
corticosteroids, disease-related comorbidities, myeloma-related
innate immunodeficiency and, in treatment-experienced patients,
poormarrow function [52]. Since the publication of the previous ECIL
guidelines, treatment with combinations of immunomodulatory
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drugs, proteasome inhibitors, monoclonal antibodies, and auto-
logous HSCT have been the standard of care. While no prospective
study specifically reporting on IFD in this setting has been published,
retrospective studies have reported a somewhat higher IFD
incidence than with conventional chemotherapy, 2.7%, 3.5%, and
5.6%, respectively [46, 53–60]. Recently, two new types of antibody
treatments have been introduced, bispecific antibodies activating a
T-cell response by binding to both myeloma cells and T-cells, and
B-cell binding antibodies conjugated with a cytotoxic compound
(antibody-drug compound, ADC). Although neither prospective trials
nor retrospective studies of treatment with bispecific antibodies
have reported the exact numbers of IFD, their overall incidence after
excluding Pneumocystis pneumonia has been low (< 2%) [47,
61–64]. The only registered ADC is belantamab mafotidin, which has
now been withdrawn as a single agent but is currently under

consideration as part of a combination treatment. The incidence of
IFD was not specifically reported in the treatment trials leading to its
registration, but the total infection rates were low with a 3% total
incidence of pulmonary infections in the largest trial including 218
patients [61]. Routine antifungal prophylaxis is thus not recom-
mended in myeloma patients, regardless of treatment with
bispecific antibodies (D-II) (Table 4). Expert panels suggest to
consider mold active prophylaxis in high-risk populations such as
prolonged neutropenia or prolonged steroid treatment or secondary
prophylaxis (no trials).

NON-HODGKIN LYMPHOMA (NHL)
Patients with NHL have an overall low IFD incidence (0.5 to 3%)
[46, 47]. The incidence among NHL patients receiving BKTIs (e.g.

Table 2. Recommendations for antifungal prophylaxis in patients with AML receiving intensive remission induction/reinduction chemotherapy.

Intention Intervention SoR QoE ECIL 5-6

Prevent IFD in AML patients, excluding allogeneic
HSCT

posaconazole, tablet 300mg q24h p.o. (q12h on day 1) A I1 A-I

amphotericin B, liposomal, inhalation*2,3

10mg twice weekly
B I B-I

fluconazole4

400mg q24h, p.o. or i.v.
B I B-I

voriconazole
6mg/kg/12 h first day then 4mg/kg q12h, i.v. or p.o.

B IIu B-II

isavuconazole2

200mg q8h p.o. first 2 days then 200mg q24h
B IIt NR

micafungin
50mg q24h i.v.

B II u,t NR

amphotericin B, liposomal, i.v.2

1-3mg/kg q24h
C II C-II

caspofungin2

50mg q24h i.v. (70mg on day 1, 70mg q24h in patients
>80 kg)

B IIt NR

itraconazole
2.5-7.5 mg/kg q24h i.v. or 200mg q24h p.o.

C I B-I

SUBA-itraconazole
200mg q12h p.o.

C IIt NR

AML acute myeloid leukemia, IFD invasive fungal disease, HSCT hematopoietic stem cell transplantation, NR No recommendation.
1 = recommendation for AML under remission induction chemotherapy; 2 = no approval for prophylaxis of IFD; 3 = formulation not approved; 4 =Only
recommended if the incidence of mold infections is low. Fluconazole may be part of an integrated care strategy together with a mold-directed diagnostic
approach.
*Should be combined with systemic fluconazole.
Amphotericin deoxycholate is not approved for prophylaxis and should not be considered due to drug-related toxicity.

Table 3. Recommendations for antifungal prophylaxis in patients with MDS, CML, and MPN.

Population Intervention SoR QoE ECIL 5-6

MDS low-/intermediate
No chemotherapy

Any prophylaxis D I No recommendation

MDS Intermediate/High treated as AML with
intensive chemotherapy

posaconazole prophylaxis
300mg q24 p.o. (q12h on day 1)

A I As for AML

MDS Intermediate/High Treated with Azacytidine posaconazole prophylaxis during the first 4
azacytidine courses

B IIu No recommendation

CML
Treated with TKIs

Any prophylaxis D I No recommendation

MPN
No chemotherapy

Any prophylaxis D I No recommendation

MPN
Treated with Ruxolitinib

Any prophylaxis D I No recommendation

MDS Myelodysplastic Syndromes, CML Chronic Myeloid Leukemia, MPN Myeloproliferative Neoplasms, AML acute myeloid leukemia, TKIs tyrosine kinase
inhibitors.
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ibrutinib) is roughly similar (about 1.5%) [49]. Some factors have
been associated with a higher risk of IFD, such as primary
refractoriness, use of two or more previous treatment lines, and
occurrence of neutropenia [62].
Antifungal prophylaxis is not routinely recommended in

patients with NHL (D-II) but might be considered in selected
patients with refractory lymphoma and/or repeated intensive
chemotherapies with neutropenia or high dose steroids or BTKI
therapy (C-II) (Table 4).

HODGKIN LYMPHOMA (HL)
The risk for IFD tends to be low in patients with Hodgkin
lymphoma. Two recent nationwide epidemiological studies in
hospitalized HL patients reported a total IFD incidence of 0.5% in
Australia and a 0.5% incidence of pulmonary aspergillosis in Spain
[47, 63]. In line with previous recommendations, routine antifungal
prophylaxis is not recommended (D-II) (Table 4).

ALLOGENEIC HSCT (ALLO-HSCT)
The main practice change since the previous ECIL recommenda-
tions [4] has been the development of haplo-identical allo-HSCT
using post-transplantation cyclophosphamide (haplo/PTCy) as
graft-versus-host-disease (GVHD) prophylaxis. Retrospective studies
on haplo/PTCy allo-HSCT report a one-year incidence rate of IFD
ranging from 6 to 17% [64–68]. In two retrospective studies, the IFD
incidence (especially invasive mold infections) was significantly
higher in haplo/PTCy than in patients transplanted from HLA-
matched related and/or unrelated donors receiving calcineurin
inhibitors with or without anti-thymocyte globulin (ATG) [66, 67].
However, as the reported IFD rates remained within the range of
those in post allo-HSCT outside of the haplo/PTCy setting, haplo/
PTCy was still considered at low risk of IFD by the expert panel. As
previously highlighted, [4] allo-HSCT centers should monitor the
incidence and epidemiology of IFD and be aware that construction
works may alter environmental exposure, which may warrant local
adaptation of primary antifungal prophylaxis strategy.
The use of isavuconazole as primary antifungal prophylaxis in

allo-HSCT recipients has been reported in two prospective open-
label studies [69, 70]. The reported rates of breakthrough IFD were

low (3–5%) while the treatment was well tolerated (discontinua-
tion rate for toxicity: 2–7%). Data are insufficient to recommend
isavuconazole as first-line prophylaxis; however, the expert panel
proposes to endorse the ASTCT (American Society of Transplanta-
tion and Cellular Therapy) recommendations allowing the use of
isavuconazole in cases of QT prolongation, or intolerance to
voriconazole or posaconazole (B-II) [71].
In Tables 5 and 6, the main changes in antifungal prophylaxis

recommendation are reported (with two additional references in
Table 5 [72, 73]).

ANTI-CD19 CHIMERIC ANTIGEN RECEPTOR (CAR) T CELLS
Previously published ECIL guidelines did not include CAR-T cells
[4]. The EBMT/JACIE (Joint Acreditation Committee International
Society for Cellular Therapy (ISTC) EBMT) and EBMT/ASTCT
guidelines recommend the use of an anti-Candida prophylaxis
and suggest discussing an anti-mold prophylaxis in case of
prolonged neutropenia and/or steroid use [74, 75].
Retrospective studies, along with two literature reviews, report a

1–15% incidence of IFD in patients treated with anti-CD19 CAR-T cells
[76–80]. These studies highlight a significant association between the
occurrence of cytokine release syndrome (CRS) and a higher incidence
of infections, attributed to the use of systemic immunosuppressive
agents. In the literature review by Garner et al. [80], a combination of
pre-and post-infusion factors seemed to increase the risk of IFD. The
panel endorses the proposal of Garner et al., published after the EBMT/
ASTCT recommendations, and integrating new data not available at
the time of publication of the EBMT/ASTCT recommendations. The use
of anti-mold prophylaxis is thus proposed to patients with pre-infusion
(such as neutropenia, previous IFD, previous allo-HSCT, refractory
disease) and post-infusion (CRS/immune effector cell-associated
neurotoxicity syndrome [ICANS] necessitating steroid therapy and/or
tocilizumab, prolonged neutropenia, use of alternative immunosup-
pressive agent) risk factors for mold infections, while patients without
these risk factors could receiveanti-yeast prophylaxis (B-II) [80].

AUTOLOGOUS HSCT
In the previous ECIL recommendations, patients undergoing
autologous HSCT, for whatever underlying condition, were

Table 4. Recommendations for antifungal prophylaxis in patients with ALL, CLL, NHL, HL and MM.

Population Intervention SoR QoE ECIL 5-6

ALL TKIs Any prophylaxis D III No data

Chemotherapy including vincristine posaconazole voriconazole D II Against

isavuconazole 200mg q8h p.o. first 2 days then
200mg q24h

C III No data

Fluconazole 400mg q24h, p.o. or i.v. C III C-III

CLL Conventional treatment Any prophylaxis D III No recommendation

Refractory treated BTKIs and/or
venetoclax

Mold-active prophylaxis C II No recommendation

NHL Treated with chemotherapy Any prophylaxis D II No recommendation

Refractory treated BTKIs or high doses
steroids

Mold-active prophylaxis C II No recommendation

Treated with
Bispecific antibodies

Any prophylaxis D II No data

HL Treated with chemotherapy Any prophylaxis D II No recommendation

MM Treated with IMiDs Any prophylaxis D II No recommendation

Treated with
Bispecific antibodies

Any prophylaxis D II No data

ALL Acute Lymphoblastic Leukemia, CLL Chronic Lymphocytic Leukemia, NHL non-Hodgkin’s Lymphoma, HL Hodgkin’s Lymphoma, MM Multiple Myeloma,
BTKIs Bruton tyrosine kinase inhibitors; IMiDs immunomodulatory drugs.
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considered at low risk of IFD. Primary antifungal prophylaxis is not
recommended, although fluconazole (400 mg q24h) should be
considered to prevent mucosal Candida infection during the
neutropenic phase (B-III) [4]. There are no recommendations for
change for autologous HSCT recipients.

PRIMARY ANTIFUNGAL PROPHYLAXIS IN PEDIATRIC
HEMATOLOGICAL MALIGNANCIES
Mold-active antifungal prophylaxis is recommended for pediatric
patients at high risk of IFD (incidence ≥10%), encompassing a
subgroup of children with ALL, though their specific risk profile is
less precisely defined [81].
A recent analysis of 6316 children with ALL enrolled in the

international AIEOP-BFM ALL2009 trial reported an incidence of
proven/probable IFDs at 3.8%, with a 12-week mortality rate of

11.2% [82]. In this cohort, 68% of infections were mold-related,
with significant risk factors for IFD being ≥12 years of age and
insufficient treatment response. A diagnoses of proven/probable
IFD were associated with a elevated hazard ratio for event-free
survival and overall survival [82]. Consequently, older children
(≥ 12 years) with ALL and those with insufficient treatment
response are identified as being at elevated risk for IFD and are
now recommended to receive antifungal prophylaxis.
Since the 2021 update by ECIL, advances in pediatric antifungal

development have been significant. A recent multicenter, non-
randomized, open-label, phase 1b dose-escalation trial demon-
strated that posaconazole intravenous solution (IV) and powder
for oral suspension (PFS) were well tolerated in children, with
safety profiles similar to adults [83]. Following this dose-finding
trial, the European Medicines Agency (EMA) approved posacona-
zole IV and PFS in 2021 for high-risk patients aged ≥2 years and

Table 5. Recommendations for allo-HSCT recipients: pre-engraftment.

Antifungal agent Pre-engraftment
risk of mold
infection

ECIL 5-6

low high low High

Fluconazole 400mg q24h A-I a D-III A-I a A-III against

Posaconazole tablet 300mg q24h following a loading dose of 300mg q12h on day 1 or oral
solution 200mg q8h

B-II B-II B-II B-II

Itraconazole
2.5–7.5 mg/kg q24h i.v. or 200mg q24h p.o

B-I B-I B-I B-I

Voriconazole 6mg/kg q12h first day then 4mg/kg q12h i.v. or p.o. B-I B-I B-I B-I

Micafungin 50mg q24h B-I C-I B-I C-I

Caspofungin and anidulafungin no data no data no data no data

Liposomal amphotericin B C-II C-II C-II

Aerosolized liposomal amphotericin B (10mg twice weekly) in combination with systemic
fluconazole 400mg q24h

C-III C-III B-II

Isavuconazole 200mg q24h following a loading dose of 200mg q8h on days 1 and 2 b B-II B-II no data no data
aonly when combined with a mold-directed diagnostic approach (biomarker and/or CT scan-based)or a mold-directed therapeutic approach (empirical
antifungal therapy).
bIsavuconazole can be used as second-line mold active prophylaxis, in case of intolerance to posaconazole / voriconazole, or QTc prolongation.
Pre-engraftment risk of mold infection as previously defined: high risk includes active leukemia, cord blood transplantation and unrelated donor [72]. Haplo-
identical HSCT using post-transplantation cyclophosphamide should be considered at low risk (B-II) In case of prior IFD, secondary prophylaxis should be
tailored according to the previous documentation [73].
HSCT hematopoietic stem cell transplantation.

Table 6. Recommendations for allo-HSCT recipients: post-engraftment.

Antifungal agent Steroid treated acute GVHD ECIL 5-6

Posaconazole tablet 300mg q24h following a loading dose of 300mg q12h on day 1, or oral
solution 200mg q8h

A-I a, b A-I a, b

Itraconazole
2.5-7.5 mg/kg q24h i.v. or 200mg q24h p.o

B-I b B-I b

Voriconazole 6mg/kg q12h first day then 4mg/kg q12h i.v. or p.o. B-I b B-I b

Micafungin 50mg q24h C-II C-II

Caspofungin and anidulafungin no data no data

Liposomal amphotericin B C-II C-II

Aerosolized liposomal amphotericin B (10mg twice weekly) in combination with systemic
fluconazole 400mg q24h

no data no data

Fluconazole 400mg q24h D-III D-III

Isavuconazole 200mg q24h following a loading dose of 200mg q8h on days 1 and 2 c B-II no data

After engraftment, in patients without GVHD, fluconazole can be continued until D+ 75.
a No difference compared with placebo was seen in patients with chronic GVHD.
b It is recommended to monitor serum drug concentration.
c Isavuconazole can be used as second-line mold active prophylaxis, in case of intolerance to posaconazole/voriconazole, or QTc prolongation.
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weighing ≤40 kg, including those with AML/MDS or undergoing
HSCT with GVHD [84]. Delayed-release tablets were approved for
patients ≥2 years and >40 kg with the same conditions [84],
although oral suspension remains unapproved by EMA [85].
Additionally, a prospective, randomized, open-label trial among

pediatric allo-HSCT patients found caspofungin to be as effective
as voriconazole and other triazoles in preventing IFD, including
aspergillosis, with a 1.4% infection rate across both trial arms [86].
Hence, the caspofungin grade of recommendation has been
updated to a B-I.

FUTURE PROSPECTS
The characteristics of an ‘ideal’ agent for antifungal prophylactic
use include (a) broad spectrum of activity - covering both yeast
and mold pathogens - with low risk of development of resistance,
(b) availability in oral and parenteral formulations, (c) low potential
for clinically problematic drug-drug interactions, (d) low risk of
acute and chronic treatment-limiting toxicities, and (e) predictable
pharmacokinetics. Several molecules with antifungal activity with
a novel mechanism of action are currently in various stages of
clinical development [87]. These new molecules tackle some of
the shortcomings of the currently available aramamentarium.

● Rezafungin, a second generation echinocandin with enhanced
PK/PD pharmacometrics, is active in vitro against most wild-
type and azole-resistant Candida species (including C. auris),
Aspergillus species (including azole-resistant A. fumigatus and
cryptic species) and Pneumocystis jirovecii. The drug has
minimal risk of drug-drug interactions and has recently been
approved for the treatment of candidemia and invasive
candidiasis [88]. Its prophylactic efficacy and safety, when
given intravenously once weekly, is currently being tested in a
phase 3 randomized double-blind study versus a standard
antimicrobial regimen (including fluconazole/posaconazole
plus trimethoprim-sulfamethoxazole) in allo-HSCT recipients
(The ReSPECT Study) [89].

● Ibrexafungerp, a first-in-class oral glucan synthase inhibitor
(a triterpenoid), is approved for the treatment of recurrent
vulvovaginal Candida infection. The spectrum of activity is
similar to the spectrum of rezafungin, but also includes
Alternaria and Cladosporium species. The drug is generally well
tolerated with a low risk for drug-drug interactions [90].
Ibrexafungerp has not yet been studied as prophylactic agent
but has the potential for use in primary prophylaxis (similar to
rezafungin).

● The fungicidal orotomide olorofim is a potent inhibitor of
fungal dihydroorotate dehydrogenase. The drug is given
orally, has a good tissue distribution and is generally well
tolerated. Although olorofim has activity against a variety of
mold pathogens (excluding Mucorales species) and dimorphic
fungi, the drug displays no activity against yeast pathogens
[91]. As such, olorofim is not a good candidate for primary
prophylaxis, but may be used for secondary prophylaxis in
patients with well documented prior mold infections (e.g.,
scedosporiosis or aspergillosis).

● Fosmanogepix (the active moiety is manogepix) targets fungal
glycosylphosphatidylinositol-anchored cell wall transfer pro-
tein 1, inhibiting cell wall synthesis causing loss of viability.
Manogepix has a very broad spectrum of activity covering
most clinically important fungal pathogens. The drug is
available as an oral and IV formulation, has a wide tissue
distribution and displays linear pharmacokinetics. The drug
has favorable drug-drug interaction and safety profiles [92]. A
phase 1 safety and PK study has been performed in
neutropenic leukemia patients receiving the drug prophylac-
tically [93]. Given these characteristics, the drug has potential
for being investigated as prophylactic antifungal agent.

● Opelconazole is an azole with activity against Aspergillus
species and other fungi including various Candida sp.
(including C. auris), Rhizopus oryzae, Cryptococccus neoformans,
Chaetomium globosum, Penicillium chrysogenum and Tricho-
phyton rubrum. Opelconazole was specifically designed for
inhaled delivery; the drug accumulates in the lung and has a
long residence time in airway cells, potentially enhancing the
ability of host cells to clear the fungus, both in treatment and
in prophylaxis. Systemic exposure is very low (ratio of lung:
systemic concentrations is ~7000:1), resulting in a low risk for
drug-drug interactions [94].

CONCLUSION
IFDs remain potentially fatal events in patients with hematological
malignancies undergoing chemotherapy, transplantation or cel-
lular therapies. Identification of the main risk factors is necessary
to establish appropriate antifungal prophylaxis.
In recent years, various antineoplastic drugs directed against

specific surface proteins or molecular targets have been devel-
oped for almost all hematological malignancies. This has opened
new therapeutic possibilities, but has also increased the popula-
tion at risk of developing IFDs. Development of cellular therapies,
i.e. CAR-T therapy, and increasing use of allo-HSCT has further
expanded the number of patients at risk of IFD. The main
differences in this updated ECIL guidelines is the inclusion of
recommendations for these new risk groups, such as venetoclax
combined with azacytidine in patients with AML, treatment with
bispecific antibiodies, and CAR-T cell therapies.
We aimed to give solid indications based on randomized clinical

trials, but in some cases, in the absence of randomized trials,
clinical evidence from observational studies has been the base for
a grading of recommendation (i.e. isavuconazole in AML).
New bispecific monoclonal antibodies have been introduced

during the past 5 years for the treatment of myelomas and
lymphomas, but current knowledge on the possible epidemiology
of IFDs in these settings is still very limited and does not allow us
to suggest any recommendation.
Until now, in Europe, lymphoma patients have been identified

as receiving the most benefit from CAR-T cell therapies. However,
the number of these procedures is constantly increasing, including
myeloma and ALL patients, while their timing is changing, shifting
from “the last line therapeutic change” to earlier treatment
settings, and now being also used as a bridge to allo-HSCT.
The expectations for the near future are the introduction of new

antineoplastic agents that will be more effective but which will
also lead to increased immunosuppression. At the same time, we
expect that new antifungals with greater efficacy and fewer
pharmacological interactions will be available, which will hopefully
have an important impact not only on the treatment of IFD but
also on prophylaxis.
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