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Résumeé

Les levures du genre Candida figurent parmi les pathogeénes majeurs isolés chez les patients
en soins intensifs et sont responsables d’infections systémiques : les candidoses invasives. Le
retard et le manque de fiabilité du diagnostic sont susceptibles d’aggraver 1’état du patient et
d’augmenter le risque de déces a court terme. Pour respecter les objectifs de traitement, les
experts recommandent de traiter le plus précocement possible les patients a haut risque de
candidose invasive. Cette attitude permet de proposer un traitement précoce aux malades
atteints, mais peut entrainer un traitement inutile et coliteux et favoriser I’émergence de

souches de moindre sensibilité¢ aux antifongiques utilisés.

Ce travail applique des méthodes statistiques modernes a des données observationnelles
longitudinales. Il étudie I’impact des traitements antifongiques systémiques sur la répartition
des quatre principales espeéces de Candida dans les différents prélévements de patients en
réanimation médicale, sur leur sensibilit¢ a ces antifongiques, sur le diagnostic des
candidémies ainsi que sur le pronostic des patients. Les analyses de séries de données
temporelles a I’aide de modéles ARIMA (moyenne mobile autorégressive intégrée) ont
confirmé ’'impact négatif de 1’utilisation des antifongiques sur la sensibilité¢ des principales
especes de Candida ainsi que la modification de leur répartition sur une période de dix ans.
L’utilisation de modé¢les hiérarchiques sur données répétées a montré que le traitement
influence négativement la détection des levures et augmente le délai de positivité des
hémocultures dans le diagnostic des candidémies. Enfin, [utilisation des méthodes
d’inférence causale a montré qu’un traitement antifongique préventif n’a pas d’impact sur le
pronostic des patients non neutropéniques, non transplantés et qu’il est possible de
commencer une désescalade précoce du traitement antifongique entre le premier et le

cinquiéme jour apres son initiation sans aggraver le pronostic.

Mots clés : traitement antifongique systémique; unités de soins intensifs; candidoses
invasives ; inférence causale ; données observationnelles longitudinales ; modeles structurels

marginaux.



Abstract

Candida species are among the main pathogens isolated from patients in intensive care units
(ICUs) and are responsible for a serious systemic infection: invasive candidiasis. A late and
unreliable diagnosis of invasive candidiasis aggravates the patient's status and increases the
risk of short-term death. The current guidelines recommend an early treatment of patients
with high risks of invasive candidiasis, even in absence of documented fungal infection.
However, increased antifungal drug consumption is correlated with increased costs and the
emergence of drug resistance whereas there is yet no consensus about the benefits of the

probabilistic antifungal treatment.

The present work used modern statistical methods on longitudinal observational data. It
investigated the impact of systemic antifungal treatment (SAT) on the distribution of the four
Candida species most frequently isolated from ICU patients', their susceptibilities to SATs,
the diagnosis of candidemia, and the prognosis of ICU patients. The use of autoregressive
integrated moving average (ARIMA) models for time series confirmed the negative impact of
SAT use on the susceptibilities of the four Candida species and on their relative distribution
over a ten-year period. Hierarchical models for repeated measures showed that SAT has a
negative impact on the diagnosis of candidemia: it decreases the rate of positive blood
cultures and increases the time to positivity of these cultures. Finally, the use of causal
inference models showed that early SAT has no impact on non-neutropenic, non-transplanted
patient prognosis and that SAT de-escalation within 5 days after its initiation in critically ill

patients is safe and does not influence the prognosis.

Keywords: systemic antifungal treatment, intensive care units, invasive candidiasis, causal

inference, observational longitudinal data analysis, structural marginal models.



Introduction



Depuis les années 1990, le progrés médical a contribué¢ a améliorer significativement
I’espérance de vie des patients séveres, notamment en unités de soins intensifs (USI). [1]
Cette amélioration est associée a une hausse des actes invasifs, des traitements
immunosuppresseurs et des thérapies antibactériennes a large spectre et a entrainé une

augmentation du nombre de patients a risque d’infections fongiques invasives.[2-4]

Les candidoses invasives, dues a des levures du genre Candida, constituent la premiére cause
d’infections fongiques en milieu hospitalier observées chez I’homme. [5-8] Alors que ces
infections étaient principalement identifiées chez les patients immunodéprimés, leur incidence
a augment¢ de facon importante ces trente derniéres années chez les patients non
immunodéprimés, [9] et plus particulierement en USL.[1] Bien qu’il s’agisse d’un événement
rare, dont I’incidence est estimée entre 2 a 10 cas pour 1000 patients admis en USI, [10] la
mortalité attribuable est considérée comme étant élevée, avec des estimations variant de 30 a
60 % en fonction des situations cliniques, [11-15] faisant de ces germes I’un des pathogénes

ayant le taux de mortalité attribuable le plus élevé. [16]

L’absence de spécificité clinique des candidoses invasives et le manque de fiabilité¢ des
méthodes biologiques rendent le diagnostic difficile et tardif, ce qui entraine un retard de
I’initiation d’un traitement antifongique adapté et aggrave le pronostic des patients. [17-19]
Pour faire face au retard de diagnostic et limiter le risque d’aggravation du pronostic, des
stratégies prophylactiques et probabilistes ont été mises en places. [20] L’apparition dans les
années 2000 des échinocandines, famille de molécules antifongiques ayant une action
fongicide a large spectre et n’entrainant pas d’effets indésirables ni d’interactions
médicamenteuses importantes, [21] a modifié¢ les pratiques. Ces molécules sont maintenant
recommandées en premiere intention pour la prise en charge des candidoses invasives en USI
par les principaux guides internationaux, et en traitement empirique chez les patients a risque

de candidose invasive sans infection documentée.[22, 23]



Alors que ces traitements probabilistes représentent trois traitements antifongiques
administrés sur quatre en USI, [20] leur bénéfice individuel, en I’absence de documentation
mycologique de I’infection, reste discutable. [24, 25] Au risque d'un sur-traitement inutile des
patients, s’ajoute une augmentation des colits d’hospitalisation, car ces traitements font partie
des médicaments onéreux, [26-28] et entrainent une sélection des espéces Candida résistantes
pouvant conduire a des échecs cliniques.[29-31] Une des possibilités pour réduire la pression
de sélection est de diminuer la durée du traitement en mettant en place une désescalade
thérapeutique.[22, 23] Cette désescalade peut se faire en remplagant la molécule initiale par
du fluconazole par voie orale, ou en arrétant le traitement. Cependant, il n’y a pas de
consensus sur de telles stratégies, et aucune étude n’a évalué I’effet potentiel de la désescalade

sur le pronostic des patients. [22, 23, 25]

Ce travail de thése a pour objectif de mieux répondre aux problématiques soulevées par la
prise en charge des candidoses invasives sur les patients séveres, non neutropéniques en USI.
Pour cela, nous avons choisi d’explorer des données observationnelles en appliquant des
méthodes statistiques innovantes, adaptées aux données évoluant dans le temps et permettant

une approche causale.

La premiére partie est une revue non systématique de la littérature qui vient compléter cette
introduction avec pour objectif de situer la problématique de la prise en charge des patients a

haut risque de candidoses invasives sans infection prouvée.

A vpartir de 13, nous explorerons, dans une deuxiéme partie, des bases de données
mycologiques du centre hospitalier universitaire (CHU) de Grenoble, fusionnées avec des
données cliniques et pharmaceutiques, d’une part pour évaluer la pression exercée dans le
temps par la consommation des traitements antifongiques sur la sélection des espéces
Candida au service de réanimation médicale et d’autre part pour estimer la valeur diagnostic

des hémocultures dans le cas des candidémies, en présence de traitement antifongique.



Dans une troisiéme partie, nous nous intéresserons a des bases de données cliniques de haute
qualité pour étudier I’impact de la désescalade précoce et du traitement empirique sur le
pronostic a court terme des patients. L’objectif est d’utiliser des méthodes statistiques récentes
permettant d’estimer ’effet causal moyen entre 1’exposition et le pronostic. Nous verrons
dans cette partie plus particulierement les modeles structurels marginaux qui ont été
développés au début des années 2000. [32] Ces méthodes, simples a mettre en ceuvre d’un
point de vue technique, reposent sur des hypotheses fortes et peuvent donner lieu a des
résultats biaisés en cas de mauvaise application. Etant donné que ces méthodes présentent un
intérét particulier pour 1’exploitation des données observationnelles en USI et que leur
utilisation se développe dans la littérature médicale, nous avons proposé un article

d’introduction pour les cliniciens.



Premiére partie : Etat des lieux sur le

traitement probabiliste des candidoses invasives



Cette premicre partie est une revue non systématique de la littérature qui compléte

I’introduction sous forme d’un article publi¢ dans la revue en ligne F1000.

Aprés un rappel des principaux facteurs de risque de candidose invasive, dont la colonisation
a Candida observée sur plusieurs sites qui joue un role clé, [10, 33] cet article fait le point sur
les principales méthodes de diagnostic des candidoses invasives existantes et leurs limites. La
difficulté de poser un diagnostic précis entraine souvent un retard dans la mise en place d’un
traitement antifongique adéquat qui est significativement associé¢ a une hausse de la mortalité.
[11, 19, 34] Pour réduire 1’aggravation du pronostic, les recommandations internationales
préconisent la prescription probabiliste de traitement antifongique.[22, 23] L’efficacité de ces
stratégies préventives pour des patients séveres, a haut risque de candidose invasive, avec un
choc septique, une colonisation extradigestive a Candida et de multiples défaillances
d’organes n’a pas été clairement démontrée. Cet article explore les différentes études ayant

exploré I’impact d’une stratégie probabiliste sur le pronostic des patients.

En conclusion, en I’absence de diagnostic fiable et précoce des candidoses invasives, il est
nécessaire d’approfondir les connaissances sur le bénéfice attendu des thérapies antifongiques

probabilistes des patients en ICU.
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Abstract

The potential of the systemic antdfungal treatment of non-immunocompromised patdents with sepsis,
extra-digestive Candida colonization and mulkiple organ failure is unknown, although it represents
three out of four antifungal treatments prescribed in intensive care units. It may allow an early
treatment of invasive fungal infection at incubation phase, but exposes patients to unnecessary
antifungal treatments with subsequent costs and antifungal selection pressure. As early diagnostic
tests for invasive candidiasis are stll considered insufficient, the potential of this strategy needs to be
demonstrated by a randomized controlled mial. Such a trial is currently ongoing.

Candidiasis is a mortality risk factor

Candida is one of the most frequently recovered
pathogens in patients with hospital acquired bloodstream
infections [1-3 ], where it is associated with a mortality rate
from 30 to more than 60% in case of septic shodk [4-8].

Major risk fadors for Candida colonization indude
length of intensive care unit (ICU) stay, use of parenteral
nutrition, broad-spectum and long-term antibiotics,
central lines, and abdominal swrgery. Imporantly, a
continuum exists between Candida colonization and
candidemia [9-11]. Thus, a colonization index (number
of colonized sites/number of sampled sites) of >0.5, with
recovery of the same Candida speces or genotypes in the
colonized sites and bloodstream, has been set up and is
assodated with an increased nsk of candidemia [11].
Studies conducted to develop a Candida score showed
that factors assodated with candidemia were surgery,
multiple-site Candida colonization, severe sepsis, and
parenteral nutrition [12]. Thus, Candida colonization,
although not unique, is a reliable independent risk
factor for candidemia [ 13-15]. Therefore, early systemic
antifungal therapy (SAT) deserves consideration in ICU
patients in whom they are increasingly used [16,17].

The diagnosis of candidemia is ofien difficult and delayed
because the sensitivity of blood culture bottles (even
in spedfic milieu) is not higher than 75% and decreased
by previous antifiungal therapy [18].

Non culture-based assays have been developed to
improve the diagnosis of invasive candidiasis. These
new tools have been mainly tested in hematological
patients and in surgical ICUs. (1-3)3-D-glucan is a cell
wall component of Candida sp. and other fungi. It
becomes detectable early during invasive candidiasis but
may also rise in other fungal infections. Indeed, (1-3)+3-
D-glucan rises in cases of aspergillosis, and Prneumocystis
jirmecii infections, but also in rare infections, such as
infection with Fusarium spp., Acremonium spp., Sporothrix
schenksi, Coacidioides immits, Histoplasma capsulatum, Blas-
tomyces dermatitidis, Trichosporon spp. and Saccharomyces
cerevisiae. Impornantly, (1-3)-3-D-glucan is not found
in Cryptococcosis or Zygomycetes infections (Adsidia,
Mucor, Rhizopus). (1-3)-3-D-glucan remains detectable
for more than one month after invasive candidiasis
[19,20]. The cut off value proposed for hematological
patients is 80 pg/ml but it appears to be higher in ICU
patients [20,21].
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False positive results have been reponted in cases of
dialysis with cellulose membrane, albumin perfusions,
intravenous immunoglobulin administration, antibiotic
therapy with coamoxicdlav or Piperacillin-Tazobactam,
and bacteremia |21]. The reported sensitivity and
specificity of (1-3)-3-D-glucan is 57-97% and 56-93%,
respectively. Given the low prevalence of invasive
candidiasis in non-neutropenic patients, a negative test
is adequate to rule out a diagnosis of infection [22]. In
the recent study of the FUNGINOS group [23], in a
selected population of surgical ICU patients, two
consecutive measurements of ( 1-3)-3-D-glucan of more
than 80 pg/ml were assodated with a reasonable
diagnostic value (positive predictive value of 72%,
negative predictive value of 80%) that need to be
confirmed in further study on other non-surgical 1CLUI
populations. Importantly, (1-3)-3-D-glucan positivity
preceded the diagnosis of invasive candidiasis by 5 days

in mean.

Mannan, a polysaccharidic antigen from Candida cell
wall, is another potential diagnostic test. Both mannan
antigen and anti-mannan antibodies could be measured
using one enzyme-linked immunosorbent assay (ELISA)
kit. Mannanemia is more specific than (1-3)-3-D-glucan
but showed a lack of sensitivity in a recent study on
candidemia [20]. The combination of both tests pos-
sesses an acceptable diagnostic value (86% specificity
and 83% sensitivity) in a recent meta-analysis [24].

Finally, detection of Candida DNA using polymerase
chain reaction (PCR) seems to be both sensitive and
spedific in the available literature but standardization of
tests is lacking [25].

Early treatment of candidemia decreases
mortality of ICU patients with septic shock
Delays in initiating appropriate treatment have been
associated with increased moraality in patients with
bloodstream infections [4,26]. Similar findings have
been reported in patients with candidemia [26-29]. This
is especially the case for critically ill patients with septic
shock [8]. Imponantly, the control of the infected source
acts in synergy with the antifungal therapy. In a recent
study, both a delay in antifungal treatment of more than
24 hours (odds ratio=5.99, P=0.048) and the absence of
source control within the first 48 hours (odds ratio=2.99,
P=0.001) were associated with the risk of death in the
case of septic shock due to candidemia [7].

Overuse of antifungals modifies fungal ecosystem
and promotes antifungal resistance

The usual risk factors described in the more recent
predictive scores included variables that are frequent, and

lead us to treat 10-20% of the ICU patients | 13,30]. More
than two-thirds of these treatments are given without
definitive proof of invasive fungal infections [30].

As an example, the colonization index's positive pre-
dictive value is less than 9% in the EPCAN study [14]. In
medical ICU patients, 39% developed a colonization
index of more than 0.5, while, in the same period. no
invasive fungal infections were diagnosed [10].

New antifungal agents are well tolerated and over-
treatment might be considered safe on an individual
basis. However, new data from the US and Europe clearly
demonstrate that the overuse of antifungal drugs
contributes 1o both the emergence of Candida species
that are known to be less sensitive to antifungal agents, as
well as to the increased occurrence of sensitive Candida
species with inaeased minimum inhibitory concentra-
tions (MICs). Recently, Lortholary et al. reported that
azole derivatives and candins pre-exposure increased the
risk of fungemia due to species with higher MICs 1o the
corresponding antifungal agents |31]. Pfaller et al. found
an inaease in rates of fluconazole-resistant Candida
glabrata intermediate or resistant to candins over time,
from less than 4% between 2000 and 2002 to more than
12% between 2008 and 2010 |32]. Dannaoui et al.
reported 20 episodes of fungal infections caused by
candin-resistant Candida spp. that were harboring diverse
and new resistance mutations [33]. For 12 patients, the
initial isolates (low MICs, wild-type FKS gene) and the
subsequent isolates (after caspofungin treatment, high
MICs, FKS mutation) were genetically identical [33]. We
also recently described a significant relationship between
systernic antifumgal therapy ( SAT) consumption and MICs
of colonizing and infecting fungi in ICU patients [34].

Finally, two studies clearly showed that the pre-exposure
to candins was associated with episodes of C. glabrata
septicemia with strains of reduced susceptibility to
candins that harbored FKS mutation. Such strains were
associated with a higher rate of dinical failure of
echinocandin therapy [35,36).

Obviously, SAT should be used applying the same rules
as for other antimicrobial agents. It must be effective
and safe for the patient himself, and also for future
patients.

Empiric/pre-emptive treatment of ICU patients

has never proved to be effective

Regarding which benefits to expect from an empirical or
pre-emptive SAT in critically ill non-immunocompro-
mized patients, the current literature is inconclusive,
and trials demonstrating the efficacy of SAT in
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colonized patients with unresolved sepsis and organ
dysfunction are warmanted.

Empiric therapy is usually defined as a therapy instituted
in patients with dinical signs suggestive of ongoing
invasive infection (new systemic inflammatory response
syndrome, organ failures), while pre-emptive therapy is
given to patients with nisk factors and one or more
positive markers such as a rising colonization index or
(1-3)-3-D-glucan elevation above a threshold value that
remains to be determined in the ICU setting,

One may question the potential of empirical therapy of
ICU patients with sepsis and nisk factors of invasive
fungal infection, and of pre-emptive therapy of 1CU
patients with a positive biomarker such as Candida
colonization or (1-3)-3-D-glucan.

Regarding the so-alled empincal therapy, no dear
demonstration of efficacy has been published. In a
randomized controlled double-blind trial, a high dose of
fluconazole failed to reduce survival free of invasive
fungal infection in medical-surgical ICU patients with
non-resolving sepsis. In this study, Candida colonization
was diagnosed at inclusion of patients in only a quarter
of the cases [37]. The issue remains uncentain because the
diagnosis of invasive fungal infecion remains a challenge
in ICU. In a one-day prevalence swudy, the authoms
dedared 17% of nosocomial infections to be due to
Candida spp. |38], but only 99/14 4 14 patients developed
proven candidemia.

Candida colonization is a frequent event in ICU
patients [14]. The colonization index, validated 20-years
ago in long-term surgical ICLI patients, has been broadly
challenged. For instance, its positive predictive value is less
than 9% in the EPCAN study [14). Furthermore, in
medical ICU patients, 39% developed a colonization
index of more than 0.5, while, within the same period, no
invasive fungal infections were diagnosed |10]. Coloniza-
tion index remains an imporiant way to characterize the
dynamics of the colonization of ICU patients, which
increases early in patients who will go on to develop
invasive candidiasis, bur its bedside practicality remains
limited [39].

One before-and-after study showed decreased 1CU-
acquired candidemia rate when using a colonization
index-based fluconazole therapy, but without any
survival benefits [40].

Likewise, we are looking forward to having improved
diagnostic strategies to increase the sensitivity, specifidty
and prdicive values of the available tools, as well as

to reduce diagnostic delays. New tools such as assays to
measure (1-3)-8-D-glucan levels provided promising
results in ICU populations |23,41,42|. However, (1-3)-3-
D-glucan is not specific to candidiasis, is higher than 80
pg/ml in many ICU patients without invasive candidiasis,
and deaeases slowly under effective treatment [19,43,44].

Over the last 15 years, several smdies have evaluated
the potential benefits from SAT in ICU patients overall
[45-50], and in the subset of ICU patients with risk
factors for candidemia or sepsis of unknown origin
[37,40]. Pre-emptive SAT has been suggested for the
sickest surgical ICU patients, most notably those with
peritonitis [51]. More recently, an exploratory study
compared the efficacy and safety of micafungin as a pre-
emptive treatment of invasive candidiasis vs. placebo in
high nisk surgical subjects with intra-abdominal infections
in a multicenter randomized control trial (INTENSE NCT
NCT01122368 ). Results are available in clinicaltrials.jp
( http:/ /www.clinicaltrials.jp/user/display/file/94 63-EC-
0002%20synopsis.pdf?fileld=983). A total of 241 patients
were analyzed in the full analysis set. In this study, the rate
of independent data reviewing board-confirmed invasive
fungal infection after inclusion was similar in the
micafungin and placebo arms (8.9 vs. 11.1%). There was
no difference in mortality, invasive fungal infection-free
survival, and improvement of organ failures between the
micafungin and placebo arms. Micafungin significantly
reduced the colonization index.

In another multicenter, randomized, double-blind,
placebo-controlled trial (MSG 01) Ostrosky-Zeichner et al.
tested the use of caspofunginin 222 adults who were in the
ICLI for at least 3 days, were ventilated, received antibiotics,
had a central line, and had 1 additional risk factor
(parenteral nutrition, dialysis, surgery, pancreatitis, sys-
temic steroids, or other immunosuppressive agents) [52].
The primary endpoint was the incidence of proven or
probable invasive candidiasis. Unfortunately, in terms of
trial protocol, patients with sepsis and with two consecutive
(1-3)-3-Dglucan samples above 80 pg/ml were dassified as
probable cases of invasive candidiasis, which allowed the
investigators to break the blind and to administer themn
pre-emptive therapy with caspofungin. The pre-emptive
approach analysis included all patients who received the
study drug, induding those positive at baseline. The inci-
dence of proven/probable invasive candidiasis in the
placebo and caspofungin arms was 30.4% (31/102) and
18.8% (22/117) for the pre-emptive approach (P=0.04).
There were no significant differences in the secondary
endpoints of mortality, antifungal use, or length of stay.

Both studies give nse to commentis. The rate of proven
invasive candidiasis was low (6.9% and 11.1% in the
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piacebo arms of INTENSE and MSG-01 studies); it
suggests that the targeted population is not fully under-
stood and leads to suggestions that the studies are
considerably underpowered. The decrease in the risk of
probable infection in the MSG-01 study was not
associated with an improvemnent of vital status or duration
of ICU stay. This may be explained by the fact that (1-3)-3-
D-glucan serum level above 80 pg/ml should not be
considered an acaurate biomarker of invasive candidiasis.

Patients that may possibly benefit from early (empiric
or pre-emptive) antifungal treatment are those with a
high risk of invasive candidiasis. Given the results of the
study from Schuster et al. [37] and the work performed
by the EPCAN groups [12,53], we postulated that the
combination of multiple organ failure, sepsis of
unknown origin and multiple colonization with Can-
dida in mechanically ventilated patients for more than
four days and receiving board spectrum antibacterial
agents, should select a population with a particulardy
high risk of life-threatening invasive candidiasis. The
potential benefits ascribable to SATin this population is
currently being tested in the EMPIRICUS trial |54].
Results will be available in early 2015.

Conclusion

We consider that definite rules could not be derived for
systemic antifungal therapy. We need to strongly
encourage and promote studies able to improve diag-
nostic strategies, and randomized control trials further
defining the efficacy of SAT in colonized patients with
sepsis and multiple organ failures.

Pre-emptive treatment should be dedded at bedside,
after sampling at least two separate blood cultures with
10 ml volume of blood preferably on selective miliew, in
view of the uncertainty involved. To contain the
amtifungal selection pressure that is stanting to rise, we
also propose considering “stopping rules” after 5 days
when no proven invasive candidiasis occurs.

Until the development of acaurate early diagnostic tests
or the results from ongoing trials are available, a
demonstration of a clinical benefit of treatment of such
patients is warranted to solve uncertainties in the issue
dedding antifungal treatment in ICU setting.

Abbreviations
ICL, intensive care unit MIC, minimal inhibitory
concentration; SAT, systemic antifungal therapy.
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Deuxiéme partie : Exploration de données

mycologiques longitudinales



I.

Présentation des données

Pour cette partie, nous avons privilégié une approche rétrospective a partir des informations

disponibles dans les bases de trois systémes d’information du CHU de Grenoble :

Le systtme d’information du laboratoire de mycologie (Synergie software,
Technidata, Meylan, France) qui rassemble les examens biologiques réalisés et
comprend les données générales des patients et les données des prélévements
biologiques (date de prélévement, type de prélévement, résultats et especes identifiées
notamment). Cette base est couplée a 1’automate d’hémoculture qui enregistre en
continu le temps de positivité des flacons dans le logiciel BD EpiCenter' ™ (Beckton
Dickinson, USA).

La base de données de la pharmacie hospitaliere (Opium) qui centralise les
prescriptions réalisées par service et par patient. L’informatisation n’étant pas
généralisée a tous les services, il a été nécessaire de compléter avec la lecture des
dossiers patients.

Les dossiers cliniques des patients qui sont enregistrés dans une plateforme commune
accessible au sein du CHU de Grenoble (Critalnet) et recensent 1’ensemble des

¢léments associés au parcours de soins des patients.

Les différentes données ont ét¢ fusionnées pour chaque patient dans deux bases de données

longitudinales distinctes pour aborder deux questions concernant ’impact des pratiques de

prescription des traitements antifongiques.

La premiere question traitée concerne l’effet de la consommation sur 1’évolution de la

pression de sélection des levures dans le service de réanimation médicale. La deuxiéme

question porte sur I’effet du traitement antifongique sur la détection des levures dans les

flacons d’hémocultures et sur le choix du type de flacon a privilégier.



II. Effet du traitement antifongique sur la pression de sélection des especes
Candida en USI : analyse de séries temporelles
En milieu hospitalier, 40 % des infections fongiques sont recensées en USI ou elles
représentent pres de 20 % de I’ensemble des infections, [1, 7] entrainant une augmentation de
la consommation en antifongiques dans le temps. Une des possibilités d'étudier 1'effet de cette
hausse sur la sélection des levures est d'exploiter des séries de mesures de 1’évolution des
prescriptions d’antifongiques mensuelles, de la distribution des différentes espéces de
Candida et de leur sensibilité aux antifongiques évaluée par leurs concentrations minimales

inhibitrices (CMI) mesurées par antifongigrammes.

Pour exploiter ces séries temporelles, définies par un ensemble d’observations indexées sur le
temps a des intervalles réguliers, les méthodes d’analyse de variance supposant que les
données observées correspondent a des réalisations indépendantes de variables aléatoires sont
souvent utilisées quoique non adaptées. En effet, lorsque des données se suivent dans le
temps, il est fort probable que les observations consécutives soient dépendantes les unes des

autres. [35]

De méme, les régressions multi variées, a partir du modele linéaire généralisé, supposent que
les termes d’erreurs aient la méme variance dans le temps, soient indépendants les uns des
autres et aient une distribution normale, ce qui n’est pas toujours le cas dans les séries
temporelles. Enfin, les méthodes standards se basent sur des comparaisons de périodes assez
longues, par exemple la comparaison de différentes années, qui ne prennent pas en compte les

petites évolutions de consommation d’agent anti-infectieux ou de CMI observées. [36]

C’est pourquoi il est plus pertinent d’utiliser des méthodes adaptées a I’analyse de séries
temporelles, notamment les modeles ARIMA. [37, 38] Ces modéles s’appuient sur

I’information contenue dans les données en utilisant trois processus :



- Autorégressif (AR) qui suppose que la ou les observations précédentes déterminent la
valeur de I’observation présente. Autrement dit, le modele n’est pas déterminé par une
valeur de référence, mais chaque point peut-étre prédit par la somme pondérée d’un
ensemble de points précédents a laquelle s'ajoute un terme aléatoire d’erreur.

- Intégration (I) qui permet de rendre la série stationnaire. En effet, les modéles ARIMA
ne fonctionnent que sur des séries temporelles dont la moyenne est constante dans le
temps. Si cela n’est pas observé naturellement, il est nécessaire de remplacer la série
originale par une série intégrée dans laquelle toute tendance a été supprimée.

- Moyenne mobile (MA) qui suppose que chaque point est fonction des erreurs
entachant les points précédents plus sa propre erreur. C’est-a-dire que la valeur de

référence de la série n’est pas constante, mais varie d’une observation a 1’autre.

La méthode développée par Box et Jenkins [35] explore chacun de ces processus pour définir
le meilleur modele ajustant les séries chronologiques étudiées. De plus, a I’aide d’une
fonction de transfert, il est possible de déterminer s’il existe une corrélation dans le temps
entre deux séries et de définir quel est le délai le plus significatif associé a cette corrélation.
[36, 39] Une premicre étude réalisée sur le CHU de Grenoble avait établi un lien entre
I’augmentation de la consommation d’antifongiques et I’évolution de la résistance des especes
Candida a ces molécules, malgré un faible recul pour la caspofungine. [30] En appliquant ces
modeles sur une période plus longue, de dix ans, nous avons pu étudier ’impact de la
consommation de cinqg molécules : I’amphotéricine B, le voriconazole, le fluconazole, la
caspofungine et la micafungine sur quatre espeéces Candida : C. albicans, C. glabrata, C.

parapsilosis et C. tropicalis

Cette étude a été présentée dans un article en cours de révision au Journal of Infection.
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Résumé de ’article

Depuis 2003, de nouvelles molécules antifongiques ont été introduites pour la prise en charge
des candidoses invasives en USI : les échinocandines. Ces molécules présentent un spectre
d’action plus large pour les levures du genre Candida incluant les especes C. glabrata et C.
krusei et leur consommation a augmenté¢ avec 1'évolution des recommandations en faveur de
ces traitements. Les pratiques de prescription des antifongiques ont été évaluées en
réanimation médicale au CHU de Grenoble en 2010 sur une courte période et ont mis en

évidence un lien entre la consommation d’antifongique et 1’évolution des CML.

L’objectif de cette ¢étude est d’évaluer I’effet de la prescription d’antifongiques
(amphotéricine B, fluconazole, voriconazole, caspofungine et micafungine) sur la sensibilité
et la distribution des principales espeéces Candida (albicans, glabrata, parapsilosis et

tropicalis) au service de réanimation médicale de Grenoble de 2004 a 2013.

Pour cela, la consommation d’antifongique a été¢ déterminée en nombre de doses journaliéres
définies pour 1000 jours d’hospitalisation (DDD/HD). Les données concernant la distribution
des especes Candida et les CMI des antifongiques ont été recueillies sur la période d’étude.

Les données temporelles ont été analysées a 1’aide de modeles ARIMA.

Cette étude a montré que sur 2.403 espeéces Candida isolées sur 5.360 patients, C. albicans est
I’espece majoritaire (53,1 %) suivie de C. glabrata (16,2 %), C. parapsilosis (7,9 %) puis C.
tropicalis (7,5 %). Les principaux antifongiques prescrits sur le CHU sont les échinocandines
avec une consommation mensuelle moyenne de 44.8 (+19.2) DDD/HD. Cette consommation
a augmenté significativement dans le temps, avec un minimum observé en 2004 a 17.9
DDD/HD et un maximum en 2013 de 71.3 DDD/HD. Sur la méme période, il n’y a pas eu de
variation significative de la consommation de fluconazole, avec une consommation mensuelle

moyenne de 31.5 (£11.6) DDD/HD.



Les analyses des séries temporelles ont montré une corrélation significative entre 1’évolution
de la consommation d’antifongique et la distribution des principales especes Candida. De
méme, I’augmentation de la consommation d’antifongique est associée dans le temps a une
augmentation des CMI de C. parapsilosis, C. glabrata et C. albicans pour la caspofungine et

C. glabrata pour I’amphotéricine B.

Pour conclure, les antifongiques augmentent la pression de sélection sur les espeéces Candida
en USI. Le supplément électronique présenté a la suite de 1’article montre I’évolution de la
fréquence des especes classées comme sensibles, intermédiaires ou résistantes aux différents
antifongiques. Si les modifications observées n’ont pas d’impact clinique, les résultats
soulignent tout de méme la nécessité d’assurer un suivi des prescriptions dans le temps pour

éviter I’émergence de phénomenes de résistance liés a la pression de sélection.
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Abstract

INTRODUCTION: The incidence of Candida spp. infections is worrisome, particularly in
critically ill patients. Previous reports suggested that the increasing use of antifungal therapy
might affect resistance profiles of invasive strains. The study objective was to describe the
distribution resistance profiles of Candida spp. strains, and to correlate it with antifungal
consumptions within one ICU.

METHOD: Antifungal drug consumption was measured as the number of defined daily doses
per 1000 hospital days. The distribution of Candida spp. over a 10 year period (2004-13) and
the MICs of antifungal drugs over 2007-13 were determined. Time series analyses were
performed.

RESULTS. Of 2,403 identified Candida spp. from 5,360 patients, C. albicans predominated
(53.1%), followed by C. glabrata (16.2%), C. parapsilosis (7.9%) and C. tropicalis (7.5%).
C. parapsilosis increased from 5.7% in 2004 to 8.4% in 2013 (P=0.02). The increase in
caspofungin use is correlated with the increase in caspofungin MICs of C. parapsilosis
(P=0.01), C. glabrata (P=0.001) and C. albicans (P=0.02). Polyenes consumption correlated
with an increase in amphotericin B MICs of C. glabrata (P=0.04).

CONCLUSION. Previous history of antifungal prescription within an ICU influences
Candida species distribution and susceptibility profile to antifungal agents. The significant

selective pressure exerted by caspofungin and amphotericin B on C. glabrata is a concern.



Introduction

Candida spp. strains are the most common causes of fungal infections, and the incidence of
Candida spp. infections has risen over the last two decades. They account for up to 17% of all
ICU-acquired infections and are associated with a high and worrisome increasing trend in
mortality rate (1, 2). This increase is partly explained by the increased exposure of ICU
patients to multiple-site Candida colonization along with invasive procedures (promoted by
severe underlying illness, renal replacement therapy, prolonged antibacterial therapy,
complicated abdominal surgery, parenteral nutrition, urinary catheter, intravascular lines) (3).
The diagnosis of infected patients still relies mainly on blood or sterile-site cultures, although
their lack of sensitivity results in detrimental delay in initiating targeted antifungal therapy (4,

5).

In an attempt to limit Candida-related mortality, appropriate treatment of proven infection
should be started as early as possible. (6) This approach-was extended to an increasing
number high risk patients with suspected candidiasis.(7, 8) Thus systemic antifungal
treatments (SAT) are widely prescribed in ICU (9, 10) despite the controversies about the
actual benefits of this strategy (11, 12). Concerns about misuse of SAT in ICU patients
include possible increase of adverse effects, drug interactions and costs (5). In addition,
previous studies suggested that antifungal exposure may favor the selection of acquired
resistance among isolates recovered from both colonization and infection (5, 13). Indeed,
recent reports established the rise of clinical failures associated with acquired resistance (4,
14, 15). Molecular resistance to echinocandins is mainly mediated by mutations in the FKS
genes, which confer cross-resistance to all three echinocandins. FKS mutations are associated

with clinical failure in patients receiving echinocandin treatments (15).

Over the past 15 years, antifungal drugs have been increasingly prescribed. However, the

commonly used antifungal armamentarium is poor and targets actually only two main fungal



components (the membrane and the cell wall). Because global resistance emergence is a
slower process on eukaryotes organisms, ecological impact of drug pressure have to be
monitored on longer periods than for bacteria. Ecological changes on a wide period can be
multifactorial. We previously reported limited data suggesting that antifungal use predisposes
to select some Candida species and to increase their minimum inhibitory concentrations

(MICs). (13)

The objective of this study was to describe both the distribution and the antifungal
susceptibility profiles of Candida spp. isolates recovered from colonized and infected sites in
ICU patients during a 10-year period. The correlation between antifungal consumptions and
both Candida spp. distribution and susceptibility profiles was assessed using autoregressive
integrated moving average (ARIMA) models and a transfer function. This method is well
adapted to demonstrate temporal relationship between two time series such as consumption

modification and ecological changes.



Methods

This is a retrospective study which was carried out in the Grenoble University Hospital ICU,
France, between January 2004 and December 2013. This 18-bed ICU serves medical and
surgical adult patients, including transplant recipients and patients with hematological and
solid malignancies. It was an observational study based on anonymous monthly data. It was

not necessary to obtain patient’s consent and ethic approval.

Antifungal drug use

Data on antifungal drug use were extracted from the electronic database of the hospital
pharmacy. Targeted antifungal drugs were polyenes (including amphotericin B and liposomal
amphotericin B), caspofungin, micafungin, voriconazole and fluconazole. Regarding
itraconazole, posaconazole, 5-fluorocytosine and anidulafungin, the levels of use in our ICU

was considered too low during the study period to exert major effects.

We converted antifungal drug doses from milligrams to defined daily dose per 1000 hospital
days (DDDs/1000HD), in accordance with the Guidelines for ATC classification and DDD
assignment (WHO collaborating Centre for Drug Statistic Methodology; www.whocc.no).
The DDDs were 70 mg for amphotericin B, 210 mg for liposomal amphotericin B, 50 mg for
caspofungin, 100 mg for micafungin, 400 mg for voriconazole and fluconazole. In a second
step, we pooled the data for amphotericin B and liposomal amphotericin B to define overall

polyene use.



Sampling and Candida spp. identification

All Candida-positive specimens from blood culture, respiratory tract, oropharyngeal tract,
urine, stools, surgical site, and drains were considered (table 2). When multiple isolates were
obtained from the same patient at the same time, all Candida spp. were included in the study

but only the first isolate of a given species was considered in the analysis.

Specimens were inoculated onto CAN2 chromogenic isolation plates and/or Sabouraud
chloramphenicol tubes (bioMérieux, Lyon, France) and incubated for 3-6 days at 35°C. The
following rapid tests were used for identification: rapid assimilation or agglutination tests
(Glabrata RTT, Bichro-Latex Albicans and Krusei-Color; Fumouze Diagnostics, Levallois-
Perret, France) and api-ID32C (bioMérieux, Lyon, France). Blood samples were inoculated
on Mycosis IC/F, Bactec Plus Aerobic/F, Bactec plus Anaerobic/F media and incubated up to

5 days in a Bactec 9240 automated system (Becton Dickinson Inc., Sparks, MS, USA).

Antifungal drug susceptibility

Yeast isolated from blood cultures, deep sites and normally sterile sites were tested routinely.
For non-sterile sites (e.g. the lower respiratory tract and stools), the decision to perform
antifungal drug susceptibility testing was based on the underlying disease and on the
physician’s request. The Etest® method (bioMérieux) was used during the 2007-2013 period.
Fluconazole, amphotericin B, caspofungin and voriconazole Etest strips were placed on RPMI

1640 agar (AES, Reuz, France) and incubated at 35°C for 24h as recommended.

MICs were classified in subcategories (sensible (S), intermediate (I) and resistant (R)) for the

four main species (C. albicans, C. glabrata, C. parapsilosis and C. tropicalis) following the



official EUCAST and CLSI recommendations (9, 15). (Additional details on MICs

subcategories are provided in the Supplemental Digital Content SDCI).

Statistical analysis

For the most commonly isolated Candida spp. the monthly incidences and their changes over
time were assessed using linear regression with correction for autocorrelation (AUTOREG
procedure, SAS Inc. Cary, NC, USA). The Durbin-Watson statistic was used to identify
significant autocorrelation terms. The same method was used to test linear trends in antifungal
drug use over time. Fisher’s test was performed to evaluate relationships between MIC sub-
categories and time periods; the Chi? test for trend was used when only two MIC categories

were available.

The relationship between monthly antifungal drug use and 1) monthly median MIC of the
same drug 2) proportion of Candida spp. were assessed using a dynamic regression model. In
our study, this method consisted of modeling MIC or Candida spp. using the ARIMA model
and adding drug consumption as an explanatory variable through a specific function (called
‘transfer function’). ARIMA was designed to model a quantitative series over time by
identifying the correlation with the past values of the same variable (AR stand for
autoregressive) and abrupt changes in the recent past (MA stand for moving average). This
method allowed us to determine the most likely time for the occurrence of the potential effect
of antifungal drug use on the MIC or species proportions for each particular drug (16). The
model-building process for each antifungal drug-Candida spp. pair involved four steps: (i) a
linear interpolation for MIC missing values (i) an ARIMA model was fitted to the MIC or
species proportions series and to the drug-use series; (iii) the cross-correlations of the series

were estimated to identify any significant and relevant delayed association over time; and (iv)



the drug-use series was entered in the MIC or strain proportions model using the transfer

function in ARIMA (0,0,0) according to the lag found in step 2.

Series stationarity was tested (Dickey and Fuller test) and ensured by data differencing or
transformation. The model yielding the lowest Akaike information criterion was chosen as the
best model. Goodness-of-fit was assessed throughout model fitting using a white noise test of

residuals and cross-correlation check of residuals.

Statistical analyses were performed using SAS 9.3 (SAS Inc).



Results

Patient population

During the 10-year period, 5,360 patients were included, among whom 1,712 had at least one
specimen that yielded Candida spp. The mean number of ICU admission per year was 882
(SD 131 ; median 911), and the mean hospitalization days per year was 5823 (SD 572 ;
median 5765). The mean simplified Acute Physiology score II (SAPS II) in the ICU per year
was 45 (SD 1.65), the mean number of ICU death per year was 140 (SD 35) and the mean

number of hospital death per year was 204 (SD 45).

Antifungal drug use

Table 1 reports the overall antifungal drug use during the study period. In 2013, micafungin
was the most recently introduced (2010) and the most heavily used antifungal drug (38.8
DDDs/1000 HD), followed by fluconazole (37.7 DDDs/1000 HD), caspofungin (32.5
DDDs/1000HD), voriconazole (31.4 DDDs/1000 HD) and amphotericin B (19.1
DDDs/1000HD). Echinocandins use, including caspofungin and micafungin, increased
significantly from 2004 to 2013 (p <0.0001). There was a trend to a non-significant decrease
of amphotericin B use (p=0.15). The use of fluconazole, voriconazole remained unchanged

over the whole study period (p=0.29, and p=0.46 respectively).

Distribution of Candida spp.

Table S1 in the Supplemental Digital Content reports the source of the samples and the
culture results. Of the 42,873 samples collected during the study period, 8,362 (19.5%)
yielded a Candida spp. Each species was counted only once per patient, which yielded a total
of 2,403 Candida spp. isolates. Table 2 shows the distribution of Candida spp. C. albicans

predominated (53 %), followed mainly by C. glabrata (22.2%), C. parapsilosis (7.9%), and



C. tropicalis (7.5%). The proportion of C. parapsilosis isolates increased significantly, from
5.7% (10/174) in 2004 to 8.4% (19/225) in 2013 (p=0.02). No changes occurred over time for

the other Candida spp.

Correlations between antifungal drug use and Candida spp. distribution

We observed many significant correlations between previous use of antifungals and Candida
spp. distribution (Table 3). The correlations were maximized for time lags varying from 2 to 7

months according to analyzes.

Antifungal susceptibility profiles

Table S2 in the Supplemental Digital Content reports the antifungal susceptibility data. The
statistical analysis of drug susceptibility data for 2007-2013 was confined to the four most
common species, namely, C. albicans (n=380), C. glabrata (n=107), C. parapsilosis (n=65)
and C. tropicalis (n=49), resulting in 892 Etest determination. The proportion of C. albicans
isolates showing fluconazole MICs between 0 and 0.5 mg/L increased significantly from 52%
in 2007 to 90% in 2009 (p<0.0001) and stabilized thereafter. Resistant strains for fluconazole
were found for C. albicans (2007: 3% and 2008: 1%), C. glabrata (2008: 13% and 2012:
11%) and C. parapsilosis (2007: 14% to 2012: 25%) without significant trend for the resistant
phenomenon. Resistance to voriconazole was observed for two species: C. albicans (2007:
2% and 2008: 1%), C. glabrata (2008: 20%, 2012: 11% and 2013: 11%) without significant
trend. All but one were susceptible to amphotericin B. No resistance to caspofungin was

observed for the four Candida spp.

Correlations between antifungal drug use and Candida spp. MICs



Increased caspofungin use correlated significantly with increased caspofungin MIC values of
C. parapsilosis isolates (p=0.01) 3 months later, and of C. glabrata isolates (P=0.001) 2
months later and of C. albicans (p=0.02) 7 months later (Table 4). As an example, Figure 1
shows the influence of high caspofungin use in periods 61 or 88 on predicted caspofungin
MICs of C. glabrata in periods 63 or 90 (2 months later) (Figure S1 in the Supplemental
Digital Content shows the influence of high caspofungin use on predicted caspofungin MICs
of C. parapsilosis). Echinocandins (caspofungin and micafungin) consumption is significantly
correlated with increased echinocandins MICs for C. tropicalis (p=0.04) two months later.
Greater amphotericin B use significantly correlated with increased amphotericin B MICs for
C. glabrata (p=0.04) 6 months later and there was a trend to a non significant increase of
amphotericin B MICs for C. albicans 5 months later (p=0.08). Fluconazole consumption is
significantly associated to a significant increase of fluconazole MICs for C. tropicalis 1

month later (p=0.001). No other significant correlations were found.



Discussion

The present study assessed the effect of antifungal drug use on the epidemiology and
susceptibility of Candida spp. in ICU patients over ten years. The results confirm that history
of antifungal use in ICUs influences both Candida species distribution and MICs of antifungal
agents against major Candida spp. The observed effects of the drug exposure were drug- and
species-dependent. In particular, echinocandins consumption was correlated with MICs rise in
all the four species analyzed, except caspofungin and C. tropicalis. By contrast, significant
selective pressures were exerted by amphotericin B only on C. glabrata, by fluconazole only
on C. tropicalis, and by echinocandins on C. parapsilosis, C. tropicalis and C. glabrata. The
latter effect confirms the findings of Fournier et al. over a shorter period regarding C.
parapsilosis (13). These results are completely in accordance with other reports describing the
emergence of C. parapsilosis and C. glabrata which are constantly gaining ground on C.
albicans as responsible of candidemia (17), and the emergence of echinocandin-resistant C.
glabrata strains (14, 18). Other recent studies have raised the question of the impact of
antifungal use on emerging resistance, especially for echinocandins. Fekkar et al. described
the emergence of 11 isolates of Candida spp. resistant to echinocandins during the year 2011,
following ten years of increasing level of prescription of caspofungin (19). Our analysis
comforts their hypothesis of the deleterious influence of overprescription on Candida spp.

susceptibility profile.

The delays of these effects were also species-dependent; they were shorter in C. glabrata, C.
parapsilosis and C. tropicalis than in C. albicans. The quick impact of echinocandins on C.
parapsilosis susceptibility may be explained by the natural polymorphism in the target gene
FKS. C. glabrata decreased rapidly its susceptibility to echinocandins, and this can be partly
due to its haploid genome making it more prone to phenotypical changes after gene mutations.

The C. glabrata MIC modification under amphotericin B confirms our previous observations,



although still unexplained (20). Multi-drug-resistant phenotypes in C. glabrata have recently
been increasingly reported (21, 22); according to our result, a selective pressure of
amphotericin B on C. glabrata might explain amphotericin B resistance emergence. This is an
emerging concern because amphotericin B is commonly seen as the ‘last chance’ pan-species

antifungal agent.

Results for C. tropicalis are concerning because they affect fluconazole and echinocandins,
which are considered has highly active against this species. C. tropicalis is frequently
involved in invasive candidiasis in patients with malignancies, whilst these patients are
commonly treated with these antifungals. Thus, specific attention should be paid to the

susceptibility profile of this species subjected to drug pressure.

Impact of echinocandin use has also been highlighted on C. albicans. This result is important
as this species has long been regarded as protected from resistance selection due to the very

low prevalence of clinical resistant strains (15).

This study has not shown significant correlation between fluconazole and voriconazole
consumption and MICs for the main Candida spp at the exception of the correlation between
fluconazole consumption and MICs for C. tropicalis one month later. The later finding for C.
tropicalis is surprising and needs to be confirmed by further studies. The lack of fluconazole
and voriconazole impact on C. glabrata MICs is quite unexpected, owing to the intrinsic low
azole susceptibility of this species. The currently low consumption of voriconazole in ICUs
might explain its minor impact compared to that of other antifungals. Concerning the
fluconazole, the absence of observed significant correlation might be explained by other

parameters that were no taken into account in the ARIMA models.

The present study had several limitations. First, it is a retrospective study carried out in a

single ICU; an extension to several ICUs will ensure a better understanding of the



determinants and extents of fungal resistance. Second, the ARIMA model used could have
omitted several confounders, which might have biased the results and led to the observed
associations. However, the determination coefficients for antifungal consumption and MIC
suggest that a large part of MIC variability was explained by the model. A selection bias was
also possible because not all Candida strains of all infection or colonization cases were
submitted to the E-Test for assessment of susceptibility. Third, the MICs for caspofungin
were assessed with routine caspofungin E-Test whereas these tests might have failed to detect
non-susceptible isolates (9). In fact, after the recent recommendations (23), anidulafungin
MICs was introduced in the study laboratory to assess yeast susceptibility to caspofungin, but

the data were not available at the time of the present analysis.

Despite these limitations, results of this study confirmed that antifungal consumption can
influence Candida spp. distribution and susceptibility profiles in ICUs where the impact of
the emergence of resistance strain could lead therapeutic failure. Indeed, despite the fact that
resistance among Candida strains is already known for several years (22), empirical SAT
remain widely used by many ICU physicians, because of the high attributable mortality of
Candida infections. Recent consensus guidelines all encourage the use of echinocandins as
first-line therapy for candidemia with a poor encouragement for fluconazole step-down
therapy (11, 24-26). In this context, particular attention should be paid by ICUs physicians to
C. glabrata when empirical SAT is prescribed. This is particularly important when resistance
to echinocandins and azole are detected in the same isolate (21). Currently, the multidrug
resistance of C. glabrata is considered to be a threat to the effective empiric SAT of patients
at risk for Candida bloodstream infection (27), especially where there is a shift in infection

toward C. glabrata. (28)

Conclusion



Despite the new SAT and the new recommendations, prognostic of invasive Candida
infection has not improved in ICU patients (2). This worrisome observation and our results
highlight that effort to avoid the misuse of antifungal drugs is essential in intensive care units
and comfort the recommendations for a better monitoring of the antifungal prescription,
aiming to avoid resistance phenomenon without jeopardizing the efficacy of antifungal

therapy .



List of abbreviations

ICU: intensive care unit

DDD: defined daily dose

HD: hospital days

MIC: minimum inhibitory concentration

SAT: systemic antifungal treatment

ARIMA: autoregressive integrated moving average

SD: standard deviation



Key messages

e We explored 10 years data for Candida spp. distribution and antifungal consumption.
e Increasing use of antifungal prescription influences MICs of antifungal agents.
e Increasing use of antifungal prescription influences distribution of Candida spp.

e Caspofungin and amphotericin B exerted a selective pressure on C. glabrata.
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SDC1 : Details on MICs subcategories

The subcategories for MICs were : fluconazole, 0-0.5mg/L (S), 0.5-4 mg/L (I) and >4 mg/L
(R) for C. albicans, C. parapsilosis and C. tropicalis and 0-32 mg/L (I) and >32 mg/L (R) for
C. glabrata; amphotericin B, 0-1 (S) mg/L, >1 mg/L (R); voriconazole, 0-0.12 mg/L (S) 0.12-
0.5 mg/L (I) and >0.5 mg/L (R) for C. albicans, C. parapsilosis and C. tropicalis and 0-0.25
mg/L (S), 0.25-0.5mg/L (I) and >0.5 mg/L (R) for C. glabrata; and caspofungin, 0-0.25 mg/L
(S), >0.25-0.5 mg/L (I) and >0.5 mg/L (R) for C. albicans, and C. tropicalis and 0-0.125
mg/L (S), 0.125-0.25 mg/L (I) and >0.25 mg/L (R) for C. glabrata, 0-0.25mg/L (S), 0.25-4 (I)

and >4 for C. parapsilosis.



Table S1. Number and sources of specimens, and frequency of isolation of Candida spp. in a

French ICU, 2004-13

Negative, n Positive, n Total
(%) (%)
Blood culture 20520 (47.86) 196 (0.46) 20716
Respiratory tract 2900 (6.76) 2437 (5.68) 5337
Oropharyngeal 1486 (3.47) 2255 (5.26) 3741
Urine 2898 (6.76) 706 (1.65) 3604
Stool 1587 (3.70) 1594 (3.72) 3181
Surgical sites 2532 (5.91) 436 (1.02) 2968
Drains 1485 (3.46) 303 (0.71) 1788
Other 1103 (2.57) 435 (1.01) 1538

TOTAL 34511 (80.50) 8362 (19.50) 42873




Table S2. MICs of fluconazole, amphotericin B, caspofungin and voriconazole for C.
albicans, C. glabrata, C. parapsilosis and C. tropicalis from 2007 to 2013

Candida Drug and MIC
species range (mg/L) Number of isolates in the MIC range
2007 2008 2009 2010 2011 2012 2013
C albicans (n=58) (n=54) (n=65) (n=47) (n=60) (n=53) (n=43)
Fluconazole ~ S*:0-0.5 30(52)  43(80) 59(90)  37(79) 52(87) 50(94) 34(79)
1:05—4 26 (45) 10(19) 69 10 (21) 8 (13) 3 (6) 921
R:>4 203) 1(1)
Ampho B S:0-1 58 (100) 54 (100) 65(100) 47(100) 59(100) 53 (100) 43 (100)
Voriconazole S:0-0.12 53(91) 52(96) 65(100) 43 (100) 50(100) 53(100) 43 (100)
1:0.12-0.5 4(7) 1(2) - - - - -
R:>0.5 1(2) 1(2) - - - - -
Caspofungin ~ S:0-0.25 56 (97) 54(100) 65(97) 47 (100) 60 (100) 53(100) 43 (100)
1:025-0.5 20) - 20) - - - -
2007 2008 2009 2010 2011 2012 2013
C glabrata (n=18) (n=15) (n=18) (n=13) (n=7) (n=19) (n=17)
Fluconazole 1:0-32 18 (100) 13 (87) 18(100) 13 (100) 7(100) 17 (89) 17 (100)
R:>32 - 2(13) - - - 23D -
Ampho B S:0-1 18 (100) 15(100) 18(100) 13 (100) 7 (100) 19 (100) 17 (76)
Voriconazole S:0-0.25 14(78)  11(73) 18(100) 9(75)  5(71) 16(84) 16 (94)
1:025-0.5 4(22) 1(7) 3(25)  2(29) 1(5) 1(5)
R:>0.5 - 3(20) - - - 23D 2(11)
Caspofungin ~ S:0-0.125 15(83) 13(87) 14(78) 13(100)  5(71) 16(84) 15 (88)
1:0.125-0.25 37 2(13) 422 - 229 306 2(12)
C. 2007 2008 2009 2010 2011 2012 2013
parapsilosis (n=7) (n=10) (n=17) (n=8) (n=12) (n=4) (n=7)
Fluconazole ~S:0-0.5 3(43) 4400 5(29) 2(25)  5(42) 1(25) 6 (86)
1:05-4 3(43) 6(60) 11(65) 6 (75) 5(42) 3(75) 1(14)
R:>4 1(14) - 1(6) - 2 (16) 1 (25) -
Ampho B S:0-1 7 (100) 10(100) 17 (100) 7(88) 12 (100) 4 (100) 7 (100)
R:>1 - - - 1(12) - - -
Voriconazole S:0-0.12 5(71) 9(90) 14(82) 5(1)  8(67)  2(50) 7(100)
1:0.12-0.5 2(29) 1(10)  3(18) 2(29)  4@33) 2(50) -
Caspofungin  S:0-0.25 2(29) 2 (20) 3(18) - 10(83) 1(25) 6 (86)
1:025-4 5D 8(80) 14(82) 8 (100) 2(17) 3(75) 1(14)
2007 2008 2009 2010 2011 2012 2013
C. tropicalis (n=10) (n=6) (n=8) (n=8) (n=5) (n=7) (n=5)
Fluconazole ~ S:0-0.5 6(60)  6(100)  7(88) 7(88) 5(100) 7(100) 3 (60)
1:05-4 4 (40) - 1(12) 1(12) - - 2(40)
Ampho B S:0-1 10 (100)  6(100) 8 (100) 8 (100) 5(100) 7 (100) 5(100)
Voriconazole S:0-0.12 9(90)  5(83) &(100)  8(100) 5(100) 7 (100) 5(100)
1:0.12-0.5 1(10)  1(17) - - - - -
Caspofungin ~ S:0-0.25 10 (100) ~ 6(100)  8(100) ~ 8(100) 5(100)  6(86) 5(100)
1:0.25-0.5 - - - - - 1(14) -

" S : Susceptible, I : Intermediate, R: Resistant strains — MIC: Minimum Inhibitory

Concentration — Ampho B : amphotericin B
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III. Impact du traitement antifongique sur le diagnostic des candidémies :
analyse de données répétées

Nous avons vu précédemment que le diagnostic des candidoses invasives est imparfait et

souvent tardif. Dans le cas des candidémies, le diagnostic de référence est défini par

I’observation d’un ou plusieurs flacons d’hémoculture positifs. [10, 40] Cependant leur

sensibilité est faible, elle est estimée a 75 % dans le meilleur des cas. [41]

En routine, trois flacons peuvent étre utilisés : deux flacons non sélectifs des levures,
contenant des résines qui agglomerent les agents anti-infectieux, dont les antifongiques, et un
flacon sélectif des levures qui ne contient pas de résines adsorbantes. Des études in vitro ont
montré que les performances de ces flacons sélectifs diminuent lorsqu'un traitement
antifongique a ¢été initié, [41, 42] mais il n’y a pas eu d’étude permettant de confirmer ces

observations en situation clinique.

De plus, le choix du type de flacon d’hémoculture le plus approprié pour la détection et le
suivi des candidémies n’est pas clair. La question reste posée de savoir si 1’ajout d’un flacon
sélectif des levures, entrainant un surcolt de sang prélevé, de matériel et de temps d’analyse,

présente une réelle valeur ajoutée pour le diagnostic.

Pour répondre a ces questions, nous avons collecté les données nécessaires pour évaluer le
taux de positivité, le temps de positivité et la concordance de l’ensemble des flacons

d’hémocultures des patients candidémiques du CHU de Grenoble sur 4 ans.

Les données recueillies étaient longitudinales et présentaient une structure particuliere :
chaque patient pouvait avoir plusieurs jours de prélévement, et chaque jour plusieurs flacons
(avec ou sans résine) pouvaient étre prélevés. Il s’agit d’une structure hiérarchique définie par

un emboitement de différents niveaux : le niveau flacon emboité dans le niveau jour de



prélévement et le niveau jour emboité¢ dans le niveau patient. Il s’agit également de mesures
répétées, un patient pouvant étre prélevé plusieurs jours de suite et avec plusieurs flacons

chaque jour.

L’analyse de ces données par une méthode de régression logistique standard, implique que les
observations d’un méme patient sont indépendantes les unes des autres. Cela entraine une
sous-estimation de la variance liée a 1’absence de prise en compte de I’effet groupe et a une
inflation artificielle du nombre d’observations indépendantes aux niveaux les plus élevés
(patient et jour de prélévement). Cette approche conduit a une erreur de type I, c’est-a-dire au
risque de conclure a un lien significatif entre un facteur d’exposition et la variable d’intérét,

alors que ce lien n’existe pas en réalité. [43, 44]

L’utilisation de modé¢les hiérarchiques permet d’analyser simultanément les variations
interindividuelles au niveau flacon, ainsi qu'intragroupes (niveaux jour de prélévement et

patient).[45]

Ces modeles sont adaptés pour étudier l'impact de l'administration d'un traitement
antifongique sur la détection des levures dans les flacons d’hémocultures chez des patients
ayant une candidose invasive. Nous avons présenté les résultats de cette étude sous forme

d’un article en cours de soumission.
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Résumé de ’article

L’objectif de 1’étude est d'évaluer, en situation clinique, I’impact d’un traitement antifongique

systémique sur la détection des levures dans les flacons hémocultures.

125 patients ayant eu une candidémie au CHU de Grenoble sur 4 ans (2010 — 2013) ont été
inclus de facon rétrospective. Nous avons comparé les résultats des flacons avec résine
adsorbante (RV) de ceux des flacons sélectifs des levures (FSV) pour : le taux de positivité, le
temps de positivit¢ (TTP) et la concordance des flacons positifs, en utilisant pour chaque
caractéristique une analyse multivariée avec un modele hiérarchique a effets mixtes. Une

analyse en sous-groupe a ¢été réalisée pour les patients en USI.

Le taux de positivit¢ des flacons est diminué par la présence de traitement antifongique
(p<0.01), une chirurgie abdominale (p=0.01) et une hémodialyse (p=0.02). Le traitement
antifongique augmente significativement le TTP des deux types de flacons (RV et FSV). Si le
TTP est semblable pour les deux types de flacons, I’effet du traitement antifongique est
significativement plus €levé pour les flacons sans résines. Enfin, le traitement antifongique

diminue le taux d’agrément observé entre les deux types de flacons.

Bien qu’il s’agisse d’une ¢étude rétrospective monocentrique et que certains facteurs n’aient
pas ¢été pris en compte, comme le volume de prélévement, les résultats montrent clairement
que le traitement antifongique modifie le résultat et le temps de détection des deux types de
flacons. Cela doit étre pris en compte lors de 1’analyse des résultats biologiques. De plus, cette
¢tude a démontré I’intérét d’associer des flacons avec résines et des flacons sans résines pour

optimiser I’identification des levures, notamment en présence de traitement antifongique.
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SYNOPSIS 243 words

Objectives

Candidemia diagnostic and follow-up still relies on blood cultures (BC). Here, we present a

clinical study of the impact of systemic antifungal therapy (SAT) on yeast detection via BC.
Methods

Patients (n=125) experiencing candidemia at the Grenoble University Hospital, France were
included in a four-year retrospective study. Resin aerobic and anaerobic (RV) and fungal-
selective vials (FSV) were compared. The positivity rate (PR), the time to positivity (TTP),
and agreement between vials were analyzed using multivariate hierarchical models adjusted

by clinical characteristics.
Results

The PR was significantly decreased in patients with SAT (p<0.01), abdominal surgery
(p=0.01), and hemodialysis (p=0.02). The SAT reduced the PR in both RV and FSV by a
factor of 0.16 (95% CI: [0.08; 0.32]). The SAT increased the TTP of all vials (RV and FSV)
by a factor of 1.76 ([1.30; 2.40]; p<0.01). The impact of SAT on the TTP was significantly
higher in FSV than in RV (RR=1.76, [1.30; 2.40]), however, the TTP in FSV and RV
remained comparable. Discordances of the PR between the vials were observed with and
without SAT (37 and 58%, respectively), and SAT significantly decreased the agreement rate
by a factor of 0.29 (CI: [0.12; 0.68]).

Conclusion

We showed a significant effect of SAT on BC results and a clear benefit to concomitantly
collecting resins and selective vials especially in patients receiving SAT. Accounting for the
presence of SAT in both the BC sampling protocol and the result analysis may improve

patient management.



INTRODUCTION

Over the 20 past years, Candida spp. has become an increasingly common blood
infection.' Candidemia has poor prognosis® and relatively high mortality in part because of
delayed diagnosis.” Unfortunately, there is no optimal tool currently available for a rapid
and specific diagnosis. Despite their low sensitivity (around 50 and 75% when sampling
recommendations are correctly followed), blood cultures (BC) remain the gold standard for

7 BC are also

candidemia diagnostic® and are recommended in most guidelines.*
recommended for the monitoring of candidemia including the collection of at least one BC
per day until they are negative.>® This follow up procedure is important because systemic
antifungal therapy (SAT) should be maintained 14 days after the last positive blood culture
and because the early switch from the first line echinocandin to an azole therapy is
recommended in stable patients with negative BC.°® Currently, only an “automated validated
BC” system is promoted and there are no clear recommendations on the most efficient blood
culture sampling protocol in the guidelines.® Also, it is not clear whether the use of a fungal-
selective medium developed to enhance the retrieval of yeast from blood such as that

proposed by Beckton-Dickinson (BACTEC Mycosis IC/F®, BD Diagnostics, Sparks, USA) is

beneficial.

This selective medium contains antibiotics and lytic agents that lead to an enhanced
positivity rate (PR) versus non-selective medium. This is especially true for C. glabrata
detection and for polymicrobial (bacterial and yeast) infections.”'' Contrary to selective
media, non-selective media contain adsorbing agents (resins or charcoal) that allow the
capture of circulating antimicrobial compounds. Regarding yeast detection in BC vials,
studies based on artificially spiked blood cultures showed somewhat conflicting results
depending on the type of automated system and the in vitro protocol.'” However, it is now

well-known that the presence of antimicrobial compounds in BC vials alters the growth of the



pathogens and thus their detection by the automated system. Recent in vitro studies have
shown that the presence of antifungal agents, and more specifically fungicidal agents as
echinocandins, in spiked BC vials can significantly modify the rate and the time to positivity
of vials without adsorbing agents.'”'* As empirical or preemptive SAT based on
echinocandins is increasingly prescribed in patients for whom candidemia is suspected, the
SAT may have a direct impact on the time to diagnostic and the initiation of the targeted
antifungal therapy. In patients with documented candidemia, SAT may also modify the
follow-up strategy currently based on BC monitoring. This should also be considered in the

assessment of the time for an early step-down or the end of therapy.

Assessing the actual clinical diagnostic value of one type of BC vial is challenging
because of the lack of comparative studies in real clinical situations of candidemia. Because
candidemia is still a rare event in patients with sepsis, clinicians frequently prescribe non-
selective aerobic and anaerobic resins vials (RV) before adding fungal selective vials (FSV).
In the meantime, some patients may have already received SAT—this may further complicate
the evaluation of the BC results. This raises the following questions: 1) does SAT alter the
detection and time to detection in BC vials and, if so, does its effect vary according to the
presence of resins? 2) What is the real added value of each type of vials in the clinical setting
of candidemia when SAT is present or not? In this study, we addressed these questions in real
clinical conditions by studying the ability of FSV and RV to detect candidemia, while

considering the SAT received by the patients.



MATERIAL AND METHODS
Patients

This retrospective study was conducted from July 2010 to March 2014 at the Grenoble
University Hospital in France. All patients experiencing candidemia -defined as at least one
BC vial positive for Candida spp.- were included. Patients receiving SAT and hospitalized in

the ICU were subject to sub-group analyses.
Blood culture systems

The Bactec Mycosis IC/F (MY) vial is a FSV developed to improve the recovery of fungi
from blood. It contains antibiotic and lytic agents with no adsorbing resins.'” The Bactec Plus
Aerobic/F (AE) and Bactec plus Anaerobic/ F (ANA) vials (gathered as ‘resin’ vials’ - RV)
contain inter-alia, nonionic adsorbing resins to neutralize antibiotics. For each vial, the
recommended volume of inoculation was 8 to 10 ml blood. All vials were incubated in an
automated system BACTEC FX (Becton Dickinson, USA). The maximum incubation time
was 5 days (AE and ANA) and 6 days (MY).'® All blood cultures positive for yeasts were
sub-cultured, and the strains were identified at the species level using assimilation tests (api-
ID32C, bioM¢érieux Marcy I’Etoile, France), rapid identification tests (Glabrata RTT, Bichro-
Latex Albicans, Krusei Color; Fumouze Diagnostics, Levallois-Perret, France) or mass
spectrometry using MALDI-TOF technology (BRUKER DALTONIK GmbH, Bremen,
Germany). We considered all three BC bottles available in the hospital (AE, ANA and MY).
For each candidemia episode, the first positive vial and all subsequent vials until the last

positive one were analyzed.

Data collection



Throughout the study, biological data (sample date, type of BC bottle, time to positivity
(TTP), and species identification) were collected from the BD EpiCenter' ™ software (Beckton
Dickinson, Le Pont de Claix, France) and from the Laboratory Information System (Synergie
Software, Technidata, Meylan, France). For each patient with candidemia, information about
SAT was collected including dates and duration of treatment and antifungal classes including
azoles (“fungistatic”), echinocandins or polyens (“fungicidal”). Biological and
pharmacological data were merged to determine the presence or the absence of antifungal
compounds by the time BC was sampled. The following clinical information was collected
(Charlson score, hospital unit, age, sex, broad spectrum antibacterial therapy, presence of a
catheter, invasive mechanical ventilation, abdominal surgery, severe sepsis, and SAPSII score

for ICU patients).
Statistical analysis

Positivity rate analysis

The PR was calculated for RV and FSV. After the first positive BC, each vial collected was
considered within a 5-day interval. This 5-day interval was chosen because the positive and
negative vials during this period were considered to belong to the same episode of
candidemia. A multivariate hierarchical model was used to identify the factors associated with
an increase or a decrease in the probability of having a positive result within this period. A

negative BC belonging to a set with a positive BC was defined as a false-negative BC.
Time to positivity of resin and fungal selective vials

To assess the effect of SAT on TTP, each positive vial was considered. If a patient had a
candidemia diagnosis by at least a positive BC, the negative BC collected the same day for the
same patient were considered with a time to positivity (TTP) equal to the maximum

incubation time of the study, i.e. 144 hours.



In patients who had more than one positive vial, the TTP of each vial was considered
independently. A univariate analysis was performed using the non-parametric Kruskall-Wallis
test. Among the RV, only the vial with the shorter TTP was considered. Moreover, to study
patient variability and multiple sampling dates, we used a three-level hierarchical model for
patient, sampling day and BC bottle. A negative binomial distribution was used to identify the
factors associated with TTP. Finally, because SAT and vial types (RV and FSV) are assumed
to have a common influence on TTP, an interaction term between SAT and vial types was

introduced into the model.

Agreement between RV and FSV

Patients with one RV (AE or ANA) and one FSV vial set collected the same day were
considered. A concordant result was defined when the RV and FSV give a positive result for
the same species. To compare all three vials AE, ANA and MY individually, a
complementary analysis was performed on triplets composed of the results of the three vials
collected on the same day on the same patient. Univariate analyses were performed to assess
the concordance between vials using: 1) McNemar test for the concordance between RV
versus FSV; and 2) A Cochran Q test for the concordance between the three vials considered
individually followed by McNemar post-hoc tests using a Bonferroni correction. A
multivariate mixed model (including variables that led to a p value <0.20 in univariate
analyses) was used to identify the factors that were significantly associated with the
concordance. For the PR and TTP, two sub-group analyses were performed. The first focused
specifically on ICU patients and studied clinical variables including the SAPSII. The second
focused on SAT-treated patients to study both the impact of SAT type (fungistatic azoles
versus fungicidal candins or polyenes) as well as the impact of the time elapsed from SAT

initiation to positivity.



A normal distribution of the residuals was considered for the validity of each model. A p

value of 0.05 was considered to be significant. Statistical analyses were performed using SAS

v9.3 (SAS Institute Inc., Cary, NC, USA).

RESULTS

Characteristics of patients and vials

A total of 125 patients with candidemia were included: 72 were males (57.6%) and 64
(51.2%) were in the ICU when the candidemia was diagnosed. The median age was 61.5
years (IQR: 48-74); 37 patients (29.6%) underwent abdominal surgery and 43 patients
(34.7%) developed severe sepsis. The median Charlson score was 6 (IQR: 4; 9), and the
median SAPSII score was 47 (IQR: 42-55) for ICU patients. A more detailed description of

the clinical conditions is given in Table 1.

Three hundred and eighty vials were studied: 216 RV (56.8%) and 164 FSV (43.2%).
Candida albicans was the main identified species (37.4%) followed by C. glabrata (23%) and
other fungal species (39.6%) (Table 2). The SAT was initiated before sampling in 142 cases
(26.3%). It was mainly echinocandins (n=66, 12.2%) followed by azoles (n=53, 9.8%) and

polyenes (n=23, 4.3%) (Table 2).

Positivity rate

After adjusting the clinical characteristics, the presence of SAT was significantly associated
with a decrease in the probability of BC positivity (p<0.01) (Table 3). Indeed, regardless of
the type of vials, the SAT significantly decreased the PR by a factor of 0.16 (95% CI: [0.08;
0.32]) corresponding to a 6-fold increase in the number of false negative BC cases.
Abdominal surgery and hemodialysis were also significantly associated with a decrease in the

PR. There was a trend, although not significant, towards an increase in the PR of RV versus



FSV (OR: 1.14; 95% CI: [0.72; 1.79]) (Table 3). In ICU patients, similar trends were
observed, but no clinical characteristics were associated with the PR (Table El). In the SAT-
treated patient sub-group, neither the type of antifungal treatment (fungicidal or fungistatic)

nor the time elapsed from SAT initiation to positivity showed a significant effect on positivity

(Table E1).

Time to positivity (TTP)

The univariate analysis showed that the TTP was similar between RV and FSV in both SAT
and non-SAT sampled vials (Figure 1). However, the TTP was significantly higher in SAT

sampled vials (41 h [23; 83]) versus non-SAT sampled vials (26 h [16; 46]; p <0.01) (Figure

1.

In the multivariate analysis, the overall TTP in RV vials was prolonged by a factor of 1.15
[0.93; 1.42] compared to FSV. However, even if the TTP was systematically longer for each
Candida species in the RV, this trend did not reach statistical significance (p = 0.19; Table
E2). In the RV, ANA and AE were prolonged by a factor of 3.17 [2.58; 3.91] (p<.01) and
1.23 (95% CI; [1.01; 1.49] p=0.04), respectively, (data not shown). According to the species
involved, the TTP was significantly higher for C. albicans and C. glabrata versus other
species (p=0.02, RR=1.38 [1.06; 1.79] for C. albicans and p = 0.05, RR=1.37 [1.00; 1.87] for
C. glabrata). The impact of SAT on the TTP found in the univariate analysis was confirmed
because the SAT increased the TTP of all vials (RV and FSV) by a factor of 1.76 ([1.30;
2.40]; p<0.01). However, the impact of SAT on TTP was more important in the FSV than in
the RV, due to a significant interaction between the vial types and SAT (see Table E2).
Nevertheless, the FSV still had a comparable TTP to RV (Figure 1 and Table E3). When
focusing on SAT-treated patients, the TTP was not significantly impacted by the type of

Candida species, the type of SAT (fungicidal or fungistatic), or the time elapsed from SAT



initiation to positivity (Table E3A).When focusing on ICU patients, the previous effects seen
for the type of BC vials, the SAT, and the interaction between SAT and BC types were

confirmed—there was no effect of SAPSII on TTP (Table E3B).

Agreement rate analyses

We considered 133 combinations (133 FSV and 133 RV) from 82 patients (Figure 2).
Agreement between RV and FSV was observed for 61 combinations (63%) in the untreated
patients, and for 15 combinations (42%) in patients receiving SAT. For concordant results, the
median TTP in SAT-treated patients was comparable between RV and FSV (45 hours (IQR:
26.5; 79.5) and 44 hours (IQR: 25.5; 144) (p=0.80)) as well as in untreated patients (30 hours
(IQR: 19; 67.5) in RV and 25 hours (IQR: 19;42) in FSV) (p=0.66). Considering the
discrepancies, in the absence of SAT, 16 (16%) and 20 (21%) vials were positive only for RV
or only on FSV vials, respectively. In the presence of SAT, 13 (36%) and 8 (22%) vials were
positive only for RV or FSV, respectively (Figure 2). In multivariate analysis, the SAT was
significantly associated with a decrease of the agreement rate (OR: 0.29 [0.12; 0.68] p<0.01).
When the three vials were considered independently, some candidemia diagnoses were
achieved with only one of the three vials (Figure E1). A comparison of the paired results
showed that the combination AE-MY vials reached the best PR (99%) for all but one species
with or without SAT. Only C. glabrata was detected better by the ANA-MY combination

with a 100% PR (Table E4 and E5).

DISCUSSION

We conducted a study based on routine clinical and biological data to evaluate the impact of
SAT on the performances of different types of BC vials in patients with candidemia. To the
best of our knowledge, this is the first study to analyze agreement rate analysis between resin

vials (RV) and fungal selective vials (FSV) in the presence or absence of SAT. Using this



approach, we clearly showed that the concomitant sampling of RV or FSV is important for
patient’s care in all patients regardless of SAT. The benefit is even greater for patients
receiving SAT. We noticed that the SAT influences the PR of BC independently of the vial
type. Regarding the TTP, even if the impact of SAT was more substantial in the FSV than in
the RV, the FSV still had a comparable TTP than RV. Knowing that in ICU patients as much
as 75% of the SAT is considered empirical therapy for invasive candidiasis, our results
support the recommendation of sampling BC on both RV and FSV, and whenever possible,

before SAT prescription.'”'®

In the context of a suspected candidemia, BC sampling should be done daily. The
addition of a supplementary vial can be problematic in terms of blood depletion and cost.®
Despite a high amount of published data comparing the performances of the currently
available BC-automated system detection, the benefit of sampling both RV and FSV in the

9,11,13,19-23

context of candidemia remains unclear to many clinicians. Recent results on in vitro

simulated BC suggest that follow-up should be performed with non-selective media

containing an adsorbent system rather than on selective media without adsorbing resins.*'* I

n
this study, we could not confirm that the RV were more efficient in the presence of fungicidal
agents such as echinocandins.'* We did show that in real clinical settings, concurrent RV and
FSV sampling benefits candidemia detection especially when SAT is ongoing. This
discrepancy may be due to the fact that in real clinical settings, BCs are not sampled at the
maximal concentration (Cmax) of the SAT. Thus, the antifungal concentration may be subject

to variations. A difference between the in vivo and in vitro metabolism of echinocandins can

also be involved.

We found that there was no difference in terms of PR between RV and FSV. Because
their collection is generally performed simultaneously, we chose to compile positive results

from both aerobic and anaerobic vials (RV). Under these conditions we could not confirm the



superiority of the FSV to detect a higher amount of C. glabrata. This may be because both
positive results for aerobic and anaerobic were combined as ‘resin’ vials or simply because
previous conclusions were mostly the result of in vitro simulated BC that may not reflect real
C. glabrata bloodstream infections. The SAT was significantly associated with a decrease in
probability for BC positivity, but this was not related to the presence or the absence of resins
in the vial. Thus, in terms of the BC positivity rate with or without SAT, the performance of

RV and FSV were found equivalent in this study.

TTP is an important parameter because it can lead to quicker targeted SAT initiation
which is beneficial for patients®*. In our study 27% of the vials (corresponding to 9.6% of
patients) contained SAT by the time the BC was sampled, and we showed that the presence of
SAT extended the global TTP by a factor 1.76 ([1.30; 2.40]; p<0.01). TTP of Candida BC has
also been proposed to help with species differentiation, especially for C. glabrata whose

- 25,26
growth is slower.”™

In this study, TTP was significantly increased for C. glabrata and for C.
albicans too versus other species. Of note, TTP was also significantly higher for ANA vials
than for AE or MY vials except for C. glabrata. This is the classical case because aerobic
conditions are normally needed for yeast growth (data not shown). Others have suggested that

TTP could be used to predict clinical outcomes.””**

Kim et al. showed that the mortality rate
at 6 weeks was significantly higher in a group with a TTP <24 h.*® In their cohort, 8% of
patients received SAT prior to a positive BC but the proportion of vials with SAT and the

influence of SAT were unknown.

In this study, we considered that neither the results on PR nor the TTP were sufficient
to reveal the clear benefit of one vial at the patient level. We looked forward to the agreement
rate between the different types of vials (Fig. 2) and showed that both FSV and RV added
value to candidemia diagnosis. Choosing between the two would lead to a loss of information

for candidemia management (up to 36% in the presence of SAT). There may be several



hypotheses to explain the discordant results. First, the growth of Candida species can be
different according to the media, but in our study discordance were not significantly related to
species. Second, the SAT may also interfere with results. Indeed, we show that there is a
significant increase in the discordant results in SAT patients in multivariate analysis. This
suggests that the association of both RV and FSV is required in patients under SAT. Finally,
in cases of an extremely low inoculum, discordance may only reflect the growth of yeasts in
one vial. However, this will likely remain unusual because a blood concentration of 1 CFU/ml
is sufficient to turn aerobic make the selective media positive.'>* In Patel ef al., a higher rate
of bacteremia was detected with 30 mL of blood versus 20 mL of blood, but this strategy did

not enhance Candida identification rate.>

In contrast to studies focusing on bacteremia, we found no evidence of any microbial
or clinical determinant of time to positivity.”’ Only abdominal surgery and hemodialysis
patients correlated to lower positivity rates. For abdominal surgery, this may be the
consequence of a lower rate of circulating yeast in the context of abdominal candidiasis.
Hemodialysis is commonly associated with an increased risk of candidemia in patients,’” but
our study showed a lower number of positive vial during this candidemic episode. We cannot

explain this finding without additional study.

This study has several potential limitations. First, it was a retrospective study from a
single, university-based population, and the number of patients with candidemia is restricted.
Moreover, although local guidelines for BC sampling should be respected, we could not
monitor the filling of each BC vial. This parameter can influence the BC result.*> Monitoring
systems measuring blood volume in the BC will probably become of paramount importance in
the management of candidemia.’® Finally, the sub-group analyses for SAT-treated patients are
certainly under-powered due to the small sample size. These specific issues will need to be

assessed in the future with larger populations. A comparative multi-centric study would also



be necessary to definitively address the benefit of sampling both RV and FSV to diagnose

candidemia in the presence or absence of SAT.
CONCLUSION

Constant evaluation of BC performance is important because the incidence and mortality of
candidemia are still growing despite new antifungals and guidelines.** With a practical
clinical approach, we demonstrated that the SAT prescription significantly influences the
result of the BC regardless of whether or not adsorbing resins are present in the BC. This
should encourage clinicians to use only pertinent empirical SAT prescription and to sample
BC before any SAT initiation. We also demonstrate that there is a clear added value to
sampling with both RV and FSV because these results are often discordant. This added value
is even more significant when patients are under SAT. Thus, a systematic sampling of both
FSV and RV vials may improve not only the primary diagnostic but also the time needed for
the step-down or end of therapy. When the species are identified, the association AE-MY is
the best for all Candida sp. except for C. glabrata in which the ANA-MY gives the best
positivity rate. The recommendations on candidemia diagnosis and follow-up should be

clarified in a near future to help clinicians in their everyday practice.
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Table 1: Clinical characteristics of candidemia patients (N=125).

Variable N (%)
Age (median, IQR) 61.5 [48; 74]
Gender (male) 72 (57.6)
Broad spectrum antibacterial therapy 92 (73.6)
Presence of catheter 66 (52.8)
Intensive care unit 64 (51.2)
SAPSII Score* (median, IQR) 47 [42; 55]
IMV on blood sample day 29 (23.4)
Abdominal surgery 37 (29.6)
Pancreatitis 4(3.2)
Severe sepsis 43 (34.7)
Charlson score (median, IQR) 6 [4; 9]
Anticancer chemotherapy 40 (32.3)
Hemodialysis 14 (11.2)
Stem cell transplant 7 (5.6)
Solid organ transplant 8 (6.5)
Neutropenia 16 (12.9)
Diabetes 14 (11.3)
Diabetes organ damage 54)
Myocardial infarction 9(7.3)
Congestive heart failure 22 (17.7)
Cerebrovascular disease 10 (8.1)
Chronic pulmonary disease 32 (25.8)
Corticosteroid therapy 22 (17.6)
Moderate severe renal disease 15 (12.1)
Non metastatic tumor 29 (23.4)
Metastatic solid tumor 23 (18.5)
Moderate severe liver disease 22 (17.7)
AIDS 2 (1.6)

* SAPSII score: available only for ICU patients.

IMV: invasive mechanical ventilation



Table 2: Characteristics and time to positivity of the blood culture vials of the 125 patients

with candidemia.

RV FSV

N (%) TTP N (%) TTP
Number of vials 216 30 [19; 52] 164 26 [16; 60]
Candida species
C. albicans 78 (36.1) 31.5[21; 69] 65 (39.6) 25 [15; 40]
TTP
C. glabrata 49 (22.7) 45 [27; 66] 38(23.2) 40 [21; 86]
C. tropicalis 22 (10.2) 20 [10; 33] 20 (12.2) 20.75 [10; 39.5]
C. lusitaniae 15 (6.9) 21[10; 30.5] 8(4.9) 25 [16; 89]
C. krusei 11(5.1) 32 [20; 144] 9(5.5) 144 [32; 144]
C. kefyr 13 (6.0) 20 [17;31] 7 (4.3) 14 [10; 20]
C. parapsilosis 6 (2.8) 20.5[19; 22] 6 (3.4) 19.5 [16; 21]
Other Candida sp. 3(1.4) 144 [144;144] 4 (24) 30.5[19; 62]
Other 19 (8.8) 28 [19; 41] 7(4.3) 23 [13;27]
Antifungal treatment 55 (25.5) 46 (28.1)
Azoles 18 (8.4) 21 (12.8)
Candins 29 (13.4) 18 (11.0)
Polyenes 8 (3.7) 7 (4.3)

AE: Bactec Plus Aerobic/F; ANA: Bactec plus Anaerobic/ F; MY: Bactec Mycosis IC/F

Data are expressed as N = number of strains (%) or median and interquartile range for TTP

TTP: Time to positivity (median, IQR)

Other: Cryptococcus neoformans, Geotrichum capitum, Saccharomyces cerevisiae, and non

identified yeasts.



Table 3: Results of the multivariate mixed model for positivity

OR [95% CI] P value

Abdominal surgery 0.4210.23; 0.77] 0.01
Broad spectrum antibacterial therapy 0.570.29; 1.12] 0.10
Hemodialysis 0.37 [0.16; 0.85] 0.02
Hospital unit: ICU 1.18 [0.64; 2.18] 0.59
Presence of a catheter 0.7910.45; 1.41] 0.43
Corticosteroid therapy 1.46 [0.71; 3.00] 0.31
Candida species

C. albicans 0.86 [0.45; 1.63] 0.64

C. glabrata 1.5510.71; 3.38] 0.28

Other
Systemic antifungal treatment 0.16 [0.08; 0.32] <0.01
Resin vials (AE or ANA)* 1.14[0.72; 1.79] 0.58
Interaction term: Resin x SAT 0.9710.41; 2.32] 0.95

OR>1 favor of positivity

*FSV was taken as reference.
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Figure 2: Positive results for pairs composed of RV and FSV.

133 blood culture bottles

(82 patients)
A 4 A 4
No SAT SAT
97 36
FEV FEV
20 8
61 15
16 13
RV RV
v y v v v v
C. albicans C. glabrata Other C. albicans C. glabrata Other
FEV FEV FEV FEV FEV FEV
10 0 10 4 3 1
24 16 21 3 5 7
7 4 5 4 4 5
RV RV RV RV RV RV

Venn diagrams showing the agreement rate analysis for the pairs composed of one fungal

selective vial (FSV) and one resin vials (RV).
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Table E1: Results of the multivariate mixed model for positivity in sub-group analyses (ICU

patients only or SAT treated patients only).

ICU patients SAT treated patients
N vials = 338 N vials = 168
OR [959% CI] P value OR [95 % CI] P value

Abdominal surgery 0.53[0.25; 1.16] 0.11  0.56[0.15;2.12] 0.40
Broad spectrum antibacterial 0.48[0.16;1.42]  0.19  0.54[0.12; 2.40] 0.42
therapy
Hemodialysis 0.4210.17; 1.05] 0.07  0.4210.05; 3.26] 0.41
Hospital unit: ICU - -
Presence of a catheter 1.00 [0.45; 2.23] 1.00  0.69[0.22;2.16] 0.53
Corticosteroid therapy 1.74 [0.69; 4.41] 0.25 2.41[0.62;9.46] 0.21
Candida species

C. albicans 0.81[0.36; 1.83] 0.62  0.3310.09; 1.19] 0.10

C. glabrata 2.03 [0.70; 5.87] 0.19  0.46 [0.10; 2.09] 0.32

Other ref
Systemic antifungal treatment 0.1910.07; 0.52] <.01 - -
Resin vials (AE or ANA)* 1.05 [0.60; 1.82] 0.87 1.06[0.47;2.37] 0.88
Interaction term: Resin x SAT 0.950.28; 3.28] 0.94 - -
SAPS II score - -

0 0.53[0.22; 1.27] 0.16 - -

1 0.42[0.15; 1.18] 0.10 - -

ref ref - -
Type of SAT (Azole vs Fungicids) - - 0.74 [0.25; 2.22] 0.59
Interval from SAT initiation (days) - -

[1; 2] - - 0.51[0.14; 1.83] 0.31

[3; 5] - - 0.24 [0.06; 0.98] 0.05

>5 - - Ref

OR>1 favor of positivity



Table E2: Results of the hierarchical model for time to positivity

Relative risk

[95 % CI] pvalue
Abdominal surgery 0.98[0.76; 1.27] 0.88
Broad spectrum antibacterial therapy 1.10 [0.85; 1.44] 0.46
Severe sepsis 1.05[0.82; 1.34] 0.71
Invasive mechanical ventilation 1.38 [1.06; 1.78] 0.02
Presence of a catheter 1.09 [0.86; 1.38] 0.48
Charlson score
0-4 1.13 [0.85; 1.49] 0.41
5-7 1.10 [0.84; 1.45] 0.50
8-16 Ref
Delay from first positive (days)
0 1.13 [0.89; 1.44] 0.31
1 0.56 [0.41; 0.76] <.01
>2 Ref
Fungal species
C. albicans 1.38 [1.06; 1.79] 0.02
C. glabrata 1.37[1.00; 1.87] 0.05
Other Ref
Type of blood culture bottle
Resin vials 1.15[0.93; 1.42] 0.19
FSV Ref
Antifungal treatment 1.76 [1.25; 2.5] <.01
Interaction: SAT*RV 0.66 [0.45; 0.99] 0.04

Interaction: SAT*FSV

Ref

RR>1: increase of TTP. RR<1 :

decrease of TTP



Table E3A Results of the hierarchical model for sub-group analyses of time to positivity

(SAT treated patients only).

SAT treated patients
N=168
RR [95 % CI] pvalue
Abdominal surgery 0.93 [0.58; 1.50] 0.77
Broad spectrum antibacterial  1.13 [0.68; 1.87] 0.65
therapy
Severe sepsis 1.10[0.73; 1.66] 0.65
Invasive mechanical ventilation 1.04 [0.62; 1.77] 0.87
Presence of a catheter 1.3910.89; 2.17] 0.15
Charlson score 0.20
0-4 1.49 [0.94; 2.36]
5-7 1.45[0.88; 2.39]
8-16 ref .
Fungal species 0.20
C. albicans 1.50[0.93; 2.42]
C. glabrata 1.54 [0.92; 2.59]
Other ref
Type of blood culture bottle
Bactec aerobic 0.84 [0.63; 1.12] 0.25
Bactec anaerobic 1.95[1.43; 2.66] <.01
Mycosis ref
Type of SAT (Azole vs 1.14 [0.76; 1.72] 0.53
Fungicids)
Interval from SAT initiation 0.28
(days)
[1; 2] 0.69 [0.44; 1.09]
[3; 5] 0.88 [0.56; 1.39]
>5 Ref

RR>1: increase of TTP. RR<1 : decrease of TTP



Table E3B Results of the hierarchical model for sub-group analyses of time to positivity

(ICU patients only).
ICU patients
N=338
RR [95 % CI] pvalue
Abdominal surgery 0.9310.71; 1.22] 0.59
Broad spectrum antibacterial  0.87 [0.61; 1.24] 0.45
therapy
Severe sepsis 1.03 [0.79; 1.33] 0.84
Invasive mechanical ventilation 1.22 [0.95; 1.56] 0.11
Presence of a catheter 1.09 [0.83; 1.41] 0.54
Charlson score 0.97
0-4 0.96 [0.7; 1.33]
5-7 1[0.74; 1.35]
8-16 Ref
Delay from first positive (days) <.01
0 1.14 [0.9; 1.44]
1 0.67 [0.5; 0.9]
>)2 ref .
Fungal species 0.07
C. albicans 1.39 [1.05; 1.85]
C. glabrata 1.27[0.9; 1.8]
Other ref .
Type of blood culture bottle <.01
Bactec aerobic 1.15[0.91; 1.45]
Bactec anaerobic 3.43 [2.66; 4.43]
Mycosis ref .
Antifungal treatment 1.92 [1.29; 2.85] 0.05
Interaction: SAT*AE 0.65[0.41; 1.03] 0.07
Interaction: SAT*ANA 0.51[0.31; 0.83] <.01
Interaction: SAT*MY Ref
SAPS II score 0.67
0 1.08 [0.8; 1.47]
1 1.17 [0.82; 1.66]
ref

RR>1: increase of TTP. RR<1 : decrease of TTP



Figure E1: Description of triplets of AE, ANA and MY flasks.
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Table E4 Description of positivity rate in triplets according to flask combinations.

Species AE MY AE+ANA AE+MY ANA+MY P value
SAT All N=26 15(58) 19(73) 18(69) 23 (88) 22 (85) 0.06

C. albicans N=T7 3(43) 6(86) 3(43) 7 (100) 6 (86) 0.01

C. glabrata N=10 4 (40) 7(70) 7(70) 7(70) 10 (100) <.01
No All N=72 50 (68) 66 (90) 52(71) 71 (99) 68 (93) <.01
SAT C. albicans N=32 22 (69) 28 (88) 22(69) 32(100) 29 (91) <.01

C.glabrataN=14 12(86) 13(93) 14(100) 13(93) 14 (100) <.01

N: number of positive sample (%) SAT: Systemic Antifungal Treatment — pvalue: Cochran Q

test

Table ES: Mcnemar post hoc tests in absence of SAT.

No SAT SAT

AE vs MY <0.01 0.39
AE vs (AE+ANA) 0.50 0.25
AE vs (AE+MY) <.01 <0.01
AE vs (ANA+MY) <.01 0.12
MY vs (AE+ANA) 0.012 1
MY vs (AE+MY) 0.03 0.12
MY vs (ANA+MY) 0.50 0.25
AE+ANA vs (AE+MY) <0.01 0.23
AE+ANA VS <0.01 0.39
(ANA+MY)

AE+tMY 'S 0.22 1
(ANA+MY)

Pvalue threshold was 0.0167 after Bonferroni correction.

In presence or in absence of SAT, the combination AE + MY give the best positive rate for all
species (88% for SAT and 99% for NoSAT) and for C. albicans (100%). For C. glabrata, the

combination ANA + MY is more convenient with a positive rate of 100%.

After Bonferroni correction in presence of SAT, only combination AE+MY gave a significant
higher PR (88%) than AE vials alone (58%). In the absence of SAT, MY vials alone and
combination of AE+MY and ANA+MY vials have a significantly higher PR than AE vials
alone; combination AE+ANA vials have a significantly PR rate than MY vials alone; and
AE+MY or ANA+MY have a significantly higher PR than the combination of AE+ANA vials

(resin vials).
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Troisiéme partie : Approche causale a partir de

bases de données cliniques de haute qualite
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I. Approche causale sur les données observationnelles
La notion de causalité est large et recouvre différentes définitions qui ont été explorées a
I’origine par les philosophes, puis, depuis les années 1970, en épidémiologie avec le
développement d’approches mathématiques. [46] Une des principales difficultés est de
différencier une association entre deux événements d'une relation de causalité, et la confusion
entre les deux est fréquente.[47, 48] En recherche clinique, la question qui intéresse le
clinicien n’est pas de savoir si un facteur d’exposition, par exemple un traitement, est associé¢
a un événement, par exemple la mortalité, mais s’il en est la cause.[49] C’est-a-dire que 1’on
cherche a savoir si, toutes choses égales par ailleurs, un traitement est responsable d’une

modification, a la hausse ou a la baisse, du risque de déces.

L’essai clinique randomisé controlé est la méthode expérimentale présentant le plus haut
niveau de preuve pour établir une relation de causalité entre un facteur d’exposition et un
événement.[50] L’ investigateur n’a pas d’influence sur les modalités d’affectation des patients
dans un des groupes d’exposition au facteur étudié. Les caractéristiques des individus sont
similaires dans chaque groupe, et, si une différence est observée, celle-ci ne peut étre imputée
qu’au hasard. Cela signifie que les patients sont alors interchangeables: le risque de
I’événement dans le groupe A serait le méme que celui du groupe B si tous les patients du
groupe A avaient regu le traitement attribué aux patients du groupe B. [51] Dans cette
situation, si I’essai clinique est bien mené — c’est-a-dire en I’absence de perdus de vue, avec
une observance totale, un maintien de 1’aveugle et une puissance suffisante [51, 52] — la seule
différence observable est imputable au facteur d’exposition et correspond a une estimation de

I’effet causal moyen du traitement.

Cependant, il n’est pas toujours possible de réaliser un essai clinique car cela peut étre inutile
(par exemple pour évaluer I’efficacité de la réduction d’une fracture osseuse ou de la

prescription de pénicilline en cas d’infection bactérienne), inappropri¢ (cas des effets
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indésirables ou des événements rares, ou ¢loignés dans le futur), impossible (pour des raisons
éthiques notamment) ou inadéquat. [53] Si les essais cliniques restent la meilleure approche
pour les décisions nécessitant un haut niveau de preuve, ils ne représentent pas toujours le
monde réel. [54] En effet, la randomisation implique une affectation aléatoire des patients
dans les différents bras de traitement étudiés pour controler les différents facteurs de
confusion, connus ou non. Pour que cela soit possible, il est souvent nécessaire de procéder a
des exclusions de patients pour éviter d’éventuelles complications. Ce processus de sélection
en amont restreint la population d’étude et ne permet pas de généraliser les résultats a
I’ensemble de la population. [52, 53] De plus, les analyses expérimentales sont cotliteuses et
ne permettent de vérifier que peu d’hypotheses a la fois. Dans ces situations, les analyses sur
des données observationnelles de haute qualité, prospectives ou rétrospectives, peuvent
présenter une alternative pouvant donner des résultats proches de ceux de I’essai clinique

randomisé. [53-55]

La principale problématique rencontrée dans les données observationnelles est que le facteur
d’exposition n’est pas contrdlé par I’investigateur et que les caractéristiques des patients ne
sont pas équilibrées entre les différents groupes a l'origine. Ainsi, du fait de 1’absence
d’interchangeabilité¢ des patients, une différence de mortalité entre les deux groupes ne peut
pas étre attribuée seulement au facteur d’exposition, donc il n’est pas possible d’estimer
directement I’effet causal. [51, 53] Une des possibilités est d’utiliser une méthode basée sur le
score de propension, qui est la probabilité¢ pour un individu de recevoir un traitement sachant
un ensemble de covariables mesurées a un instant donné. [56] Lorsque les différences entre
les groupes peuvent s’expliquer par les seules variables mesurées lors de I’inclusion dans
I’étude, 1’équilibre des groupes peut étre rétabli apres ajustement ou appariement sur le score
de propension. Ceci permet de mesurer ’effet causal moyen d’un traitement chez les patients

traités. Pour estimer cet effet dans I’ensemble de la population, c’est-a-dire pour répondre a la
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question : « quelle serait la proportion d’événements observés si I’ensemble de la population
¢tait traité, ou a I’inverse, si I’ensemble de la population n’avait pas regu le traitement? » il est
possible d’utiliser un estimateur pondéré par I’inverse du score de propension ou IPTW
(inverse probability of treatment weigthing). [57] Ces méthodes, basées sur la théorie contre-
factuelle, sont simples d’application, et sous réserve du respect des hypothéses initiales —
identifiabilit¢ du modele ou positivité, présence de tous les facteurs de confusion (mesurés ou
non) et pas de mauvaise spécification des modeles — elles permettent d’estimer une relation

causale entre le traitement et 1’événement d’intérét.

II. TImpact de la désescalade précoce sur le pronostic des patients
L’administration d’un traitement précoce chez un patient atteint de candidose invasive
améliore significativement le pronostic. Cependant, si la candidose n’est pas prouvée, ou si le
patient est stabilisé, la désescalade du traitement reste une pratique dont les recommandations
divergent et dont I’impact sur le pronostic des patients a risque de candidose invasive n’a pas
¢été établi. [23, 25] Nous avons choisi d’étudier I’effet de la désescalade précoce; c’est-a-dire
dans les cinq jours apres I’initiation du traitement, sur la mortalité a 30 jours des patients en
USI en utilisant un estimateur IPTW double robuste (DR-IPTW). Deux mod¢les sont utilisés
pour les méthodes basées sur un estimateur IPTW : un premier modéle permettant de calculer
la probabilité d'étre exposé et un deuxiéme modéle de régression sur le critére de jugement
principal. L'estimation de l'effet causal moyen est correcte seulement si les deux modeles sont
correctement spécifiés. L’intérét d'utiliser un DR-IPTW est de combiner les deux régressions
de telle fagon que si I'un des deux modeles est mal spécifié, cela n'entraine pas de biais dans

l'estimation de I'effet causal moyen. [58]

Les résultats de cette étude ont été présentés sous forme d’article qui a été accepté dans la

revue Intensive Care Medicine.
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Résumé de ’article

L’objectif de cette étude est de déterminer si la désescalade dans les cinq jours apres
I’initiation d’un traitement antifongique est associée avec une augmentation de la mortalité a

28 jours chez les patients adultes non neutropéniques en USI.

Les données sont issues d’une cohorte prospective multicentrique : AmarCand2 dans laquelle
ont ¢été inclus 835 patients provenant de 84 USI frangaises ayant regu un traitement
antifongique systémique pour une candidose invasive documentée ou suspectée. Parmi ces
patients, ceux qui ¢€taient encore vivants cinq jours apres I’initiation du traitement
antifongique ont été sélectionnés et répartis en deux groupes : d’une part les patients ayant eu
une désescalade entre I’initiation du traitement et le cinquieme jour et d’autre part, les patients
n’ayant pas eu de désescalade dans les cinq premiers jours. La désescalade est définie comme
la transition d’une molécule fongicide (échinocandine ou amphotéricine B) vers le
fluconazole ou un arrét du traitement. L’effet causal moyen de la désescalade sur la mortalité

a 28 jours a été estimé par 1’utilisation d’un estimateur IPTW double robuste.

Sur les 647 patients vivants a 5 jours et inclus dans 1’étude, 142 (22 %) ont eu une désescalade
du traitement, et il n’a pas ét¢ mis en évidence d’effet délétére de la désescalade sur le

pronostic des patients.

En conclusion, la désescalade précoce n’est pas liée au pronostic des patients et a été associée
a une diminution de la consommation d’antifongiques. Cette étude est la premicre a montrer
que la désescalade ne présente pas de danger pour une population de patients critiques en USI.
Ainsi la désescalade d’un traitement antifongique vers le fluconazole peut étre recommandée
a des patients stabilisés, avec une hémoculture négative et une absence de localisation

secondaire de candidose invasive.

100



Intensive Care Med
DOI 1010074001 34-015-4053-1

ORIGINAL

Seéhastien Bailly

Olivier Leroy

Philippe Montravers
Jean-Michel Constantin
Hervé Dupont

Didier Guillemot
Olivier Lortholary
Jean-Paul Mira
Pierre-Francois Perrigault
Jean-Pierre Gangneux
Elie Azoulay
Jean-Francois Timsit

Recewved: 1 July 2015
Accepted: 1 September 2015

© Springer-Verlag Berin Heidelberg and
ESICM 2015

Take-home message: Early de-esculation
of sysiermc antifungal treatments is not
consensual. A causal analysis bused on a
multicenter praspective cohort in 87 French
ICUs has shown that antifungal de-
escalation within a 5-day interval is safe in
SAT-meated non-neutropenic adult
intensive care unit patients,

Electronic suppleme ntary material

The online version of this article
(dor:10.1007/500134-015-4053-1) contains
supplementary matenal, which i1s available
to authorized users.

S. Bailly (=) - J.-F. Timsit

Inserm UMR 1137-IAME Team 5-DeSCID:
Decision SCiences in Infectious Discases,
Control and Care INSERM/Pans Diderot,
Sorbonne Paris Cité University, Paris,
France

e-maik sbailly @chu-grenoble.ir

1.-F. Timsit

e-mail jean-francois. timsit@ beh aphpfr
Tel: +33 140 25 77 (2

S. Bailly

Grenoble 1 University, U823, Rond-pomnt
de la Chantourne, 38700 La Tronche,
France

0. Lemy

Medical ICU, Chatliez Hospital,
Touwrcoing, France

Published online: 14 September 2015

(') CrossMark

= 4

Antifungal de-escalation was not associated
with adverse outcome in critically ill patients
treated for invasive candidiasis: post hoc
analyses of the AmarCAND2 study data

P. Montravers

Paris Diderot Sorbonne Cite University, and
Anaesthesiology and Cntical Care
Medicine, Bichat-Claude Bernard
University Hospital, APHP, Pans, France

J.-M. Constantin

Peroperative Medicine Department,
Clermont-Ferrand University Hospital,
Clermont-Ferrand, France

H. Dupont
Surgical ICU, Amiens University Hospital,
Amiens, France

D. Guillemot

Inserm UMR 1181 “Biostatistics,
Biomathematics, Pharmacoepidemiology
and Infectious Diseases™ (B2PHI), 75015
Paris, France

0. Lortholary

University Paris Descartes, Necker Pasteur
Center for Infectious Diseases, Necker
Enfants-Malades Hospital, IHU Imagine,
Paris, France

0. Lortholary

Pasteur Institute, National Reference Center
for Invasive Mycoses and Antifungals,
CNRS URA3012, Paris, Fance

1.-P. Mira
Medical ICU. Cochin University Hospital,
APHP, Pans, France

J.-P. Mira
Pars Descartes, Sorbonne Paris Ciié
University, Pans, France

P.-F. Perngault
Medical-Surgical 1CU, Montpellier
University Hospital, Montpellicr, France

L.-P. Gangneux
Mycology. Rennes Umiversity Hospatal,
Rennes. France

E. Azoulay
Medical ICU, Saint-Louis University
Hospital, Paris, France

J.-F. Timsit

Medical and Infectious Discases 1CU, Paris
Diderot University/Bichat University
Hospital, APHP, 46 me Henn Huochard,
Pans 75018, France

Abstract Purpose: Systemic anti-
fungal therapy (SAT) of invasive
candidiasis needs to be initiated
immediately upon clinical suspicion.
Controversies exist about adequate
time and potential harm of antifungal
de-escalation (DE) in documented
and suspected candidiasis in 1ICU
patients. Our objective was to inves-
tigate whether de-escalation within

5 days of antifungal initiation is
associated with an increase of the
28-day montality in SAT-treated non-
neutropenic adult ICU patients,
Methods: From the 835 non-neu-
tropenic adults recruited in the
multicenter prospective observational
AmarCAND?2 study, we selected the
patients receiving systemic antifungal
therapy for a documented or sus-
pected invasive candidiasis in the
ICU and who were still alive 5 days
after SAT initiation. They were
included into two groups according to
the occurrence of observed SAT de-
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escalation before day 6. The average
causal SAT de-escalation effect on
28-day mortality was evaluated by
using a double robust estimation,
Results:  Among the 647 included
patients, early de-escalation at day 5
after antifungal initiation occurred in
142 patients (22 %), including 48
(34 %) patients whose SAT was
stopped before day 6. After adjust-
ment for the baseline confounders,

Introduction

Candida species are one of the most frequently recovered
pathogens in patients with hospital-acquired bloodstream
infections and the most common cause of invasive fungal
infection [ 1-3], which is associated with a mortality rate from
30 % tomare than 60 9% in the case of septic shock [4-8].

Early treatment of invasive candidiasis (IC) improves
patients” prognosis [4, 6, 8 9]. Given the poor sensitivity of
blood culture to diagnose IC [10], guidelines recommend
to initiate systemic antifungal therapy (SAT), mostly an
echinocandin, for cntically ill patients with risk factors for
IC and no other known cause of fever. This approach is
considered valid by many experts while waiting for further
evidence. The general opinion is that the administration of
SAT should be guided by the evaluation of risk factors, the
use of clinical prediction rules, culture data from non-
sterile sites, and biological markers [11].

Unfortunately, no diagnostic tests are available to
firmly confirm or discard the diagnosis of IC in the
absence of positive blood cultures or non-contaminated
positive sample from a sterile site. Therefore the man-
agement of antifungal treatment in suspected non-proven
invasive fungal infection is speculative.

A cross-sectional multicenter study showed that SAT was
administered to 7.5 % of ICU patient-days, although two-
thirds of them had no documented invasive fungal infection
[12]. Possible consequences of these practices are an increase
of cost and selection of more resistant yeasts [13. 14].

Similarly, the positive predictive value for IC of the
prediction rules in a general ICU ulation was lower
than 20 % in the most recent studies [15-17] and sys-
tematic pre-emptive strategies in such predetermined
patients failed to improve patients” prognosis [15, 18].

Echinocandins are the first-line therapeutic option for I1C,
because of fungicidal activity, good tolerance, and a broad-
spectrum activity [ 19, 20). For IC, the European Society for
Clinical Microbiology and Infectious Diseases (ESCMID)
and Infectious Diseases Society of America (IDSA) guide-
lines recommend a de-escalation strategy (3 days in
stabilized patients, as per IDSA, and 10 days overall, as per
ESCMID) to limit the emergence of resistant strains and to

early SAT de-escalation was the
solely factor not associated with
increased 28-day monality (RR 1.12.
95 % CI 0.76-1.66). Conclusion:
non-neutropenic critically ill adult
patients with documented or sus-
pected invasive candidiasis. SAT de-
escalation within 5 days was not
related to increased day-28 mortality
but it was associated with decreased
SAT consumption. These results

suggest for the first time that SAT de-
escalation may be safe in these
patients.

In

Keyvwords Antifungal -

Intensive care unit - De-escalation -
Invasive candidiasis -

Causal inference - Sepsis - Outcome

reduce treatment costs [ 19, 20]. However, the level of rec-
ommendation is poor because of the lack of available data.
The safety of de-escalation in the case of proven candidiasis
has been recently suggested by prospective non-comparati ve
studies [21, 22], but no comparative study exists for proven
or probable IC treated in the ICU.

The objective of this study is to investigate whether
de-escalation or stopping of SAT within 5 days of initi-
ation is associated with an increase in 28-day mortality in
SAT-treated non-neutropenic adult ICU patients. We used
a marginal structural model (MSM) to assess the causal
relationship of de-escalation on day-28 prognosis using
the prospective multicenter observational French study
AmarCAND2.

Materials and methods
Study design

The patients were selected from AmarCAND2, a multi-
center, prospective, observational study conducted in
French ICUs during 1 year (2012-2013). The investigat-
ing centers were ICUs having managed at least one IC
case within the past year and willing to participate in the
study. Investigators enrolled patients according to the
study protocol and managed them according to their own
clinical judgment, independently from the sponsor. The
Ethics Committee of the French Intensive Care Society
and the French National Committee for Data Protection
and Freedom of Information approved the study. Such an
observational study does not require patients to sign an
informed consent according to French regulations; how-
ever, written information was provided and oral consent
was obtained from all participating patients whenever
possible, or their family.

Patients

Investigators enrolled consecutive adult patients hospi-
talized in ICU and requiring SAT for documented or
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suspected invasive Candida infection during their ICU
stay. Patients receiving prophylactic SAT, those with
neutropenia (absolute neutrophil count at most 500/mm”*),
those who had undergone solid organ transplant within
the previous 15 days, or those receiving SAT for a mold
infection were excluded.

Clinical and mycological data collection and definition

Data were collected for each patient using an electronic
case report at study inclusion and throughout the study. The
following data were collected: demographics data, severity
scores (at inclusion, at SAT administration, at day 7 after
SAT administration). clinical data at SAT administration,
mycological data for confirmed invasive Candida infec-
tion. and information on the treatment If the initial
treatment was modified, the investigator was asked to
record the date and reason(s) for the modification and
information about the modification. At the end of the SAT,
the following data were recorded: the SAT end date and the
outcome of the Candida infection. The dates of ICU and
hospital discharges were also collected, as was the vital
status of all patients 28 days after the SAT initiation (alive,
dead, or lost to follow-up after ICU discharge).

Studied population

AmarCAND?2 patients who were still alive in the ICU at
day 5 after the first SAT administration were included in
the present study. Patients were divided into two groups
according to the SAT strategy observed within 5 days
following SAT initiation: (1) de-escalation group (DE)
and (2) absence of de-escalation group (NoDE). SAT de-
escalation was defined as either a switch from initial SAT
drugs (except fluconazole) to Auconazole or termination
of initial SAT drugs within 5 days following SAT
initiation.

Study outcomes

The primary outcome was to evaluate whether SAT de-
escalation within 5 days of SAT initiation was, or not,
associated with the worsening of the 28-day mortality as
compared to the mortality of adult non-neutropenic ICU
patients who received SAT without any de-escalation.
Subgroup analyses of the primary objective were per-
formed for (1) patients with SAT de-escalation observed
within 7 days after SAT initiation (allowing variation of
SOFA score between SAT day and day 7 to be added in
the model as an adjustment covariate); (2) patients who
had a documented IC at day 5 (including a distinction
between patients with C. albicans IC or patients with
C. non-albicans 1C); (3) patients who did not have a

documented IC at day 35: (4) Patients with echinocandins
as initial SAT; (5) patients with fluconazole as initial
SAT: (6) patients without secondary location for Can-
dida; (T) ICUs belonging to large hospitals with more
than 1040 hospitalization-beds. Secondary objectives
were to evaluate (1) if stopping SAT before day 5 is, or
not. associated with the worsening of the 28-day mortality
as compared o the mortality of adult non-neutropenic
ICU patients without proven invasive candidiasis at day 5
and whose SAT was not stopped; (2) to compare the
effect of SAT de-escalation for adults ICU patients on
(a) SOFA score at day 7; (b) the length of ICU stay;
(c) the number of days alive after ICU discharge; (d) the
duration of SAT administration; (¢) the number of days
alive after the end of SAT.

Statistical analysis

A descriptive analysis of the patient’s characteristics was
performed using median and interquartile range for
quantitative data and frequencies and percent for quali-
tative data. The baseline characteristics of groups (DE vs.
NoDE) were compared by means of the Chi-squared test
for gualitative data and Mann—Whitney test for quantita-
tive data. To estimate the average causal effect of DE on
28-day mortality, a double robust (DR) inverse proba-
bility of treatment weight (IPTW) estimator was used.
The DR-IPTW estimator is an extension of the IPTW
estimator [23]. The general principle of IPTW is to bal-
ance the distribution of baseline confounders across
treatment groups, in order to reach the condition of a
randomized controlled trial [24]. Two modeling steps are
required. The first step is to model the treatment assign-
ment, i.e., the propensity which is needed to compute the
weights. The second step is to model the outcome as a
function of the treatment in the weighted sample. When
the treatment and the ouicome are both binary, each
modeling step usually relies on logistic regression mod-
els. Such regression models rely on strong assumptions
about the underlying data distribution and may therefore
be misspecified. DR-IPTW estimators were developed to
prevent the consequence of model misspecification. This
adaptation of the IPTW estimators guaranties consistency
if only one of the two models is correctly specified and
efficiency if they are both correctly specified [25]. The
DR-IPTW estimator has a marginal interpretation, which
comesponds to the average treatment effect. i.e.. the dif-
ference in outcome had all patients being exposed to SAT
de-escalation versus all patients being free from SAT de-
escalation after adjustment for all measured confounders.
The final results were expressed as relative risk (RR) for
28-day monality between the two exposed pseudo-popu-
lations with bootstrapped standard errors and 95 %
confidence intervals. Post hoc power analyses were per-
formed for primary and secondary objectives. The
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robustness of the results was confirmed by [PTW models.
Statistical analyses were performed using SAS v9.3 (SAS
Institute Inc., Cary, NC. USA). The SAS Macro devel-
oped by Funk et al. was used for the DR estimation [26].
A p value less than 0.05 was considered significant
Details on the power calculation are given in the Elec-
tronic Supplementary Material (ESM).

Results

Patient characteristics

From 835 patients enrolled in the AmarCAND2 study.
647 (77.5 %) who were still alive in the ICU 5 days after
SAT initiation were included in the present study. Of the
647 included patients, 142 (22 %) experienced a SAT de-
escalation or a SAT stop within 5 days of SAT initiation
and 505 (78 %) were in the NoDE group (Fig. 1). Patients
in the DE group were younger and had a shorter previous
ICU stay but their SAPS I or SOFA scores at ICU
admission were similar (Table 1). The rate of proven IC
was not different between DE and NoDE  groups
(Table 2). Seven days after SAT inmitiation, SOFA score
was not different between DE and NoDE groups
(Table 3).

Initial SAT and SAT de-escalation
The use of echinocandins as first SAT was more frequent

in the DE group (89 %) (Table 2). In the DE group, the
median delay before SAT modification was 3 days (IQR

Included patients
N=835

]

Alive in ICU at

Death or discharged

N= 186 (22.5%)

Day5
N= 847 (77.5%)

———

DE* NoDE
N= 142 N= 505
(22%) (T8%)

l—l—ll—l—l

Death Alive Death Alive
42 100 131 374

(71%) || @6%) (74%)

(20%)

Fig. 1 Overall flow chart (primary objective). *SAT stop: N = 48.
ICU intensive care unit, SAT systemic antifungal therapy, DS day 5
after SAT mitiation, DE SAT de-escalation group at day 5 included
patients with 4 SAT de-escalation or a SAT stopping observed
between DO and D5 after SAT mitiation, NeDE absence of SAT de-
escalation at day 5. Death 28-day mortality

2:4). A total of 94 patients (66 %) experienced a SAT de-
escalation to fluconazole at a median dose of 800 mg
(IQR 400; 800) and 48 patients (34 %) experienced a
SAT stop within 5 days of initial SAT. Removal of a
central catheter on the SAT initiation day was observed
for 15 patients (58 %) in the DE group and for 23 patients
(29 %) in the NoDE group (p < 0.01) (more details on
removal of the possible source of infection are given
Table E1 in ESM). The median duration of SAT was
11 days (IQR 7; 16) in the 323 remaining patients for
whom the reason for SAT discontinuation was not
recorded. Finally, antifungal prescriptions were defined
into written procedures in 47 (61 %) 1CUs and the de-
escalation procedure was declared to follow international
guidelines in 58 (75 %) ICUs. The existence of both types
of procedures was not associated with the decision to de-
escalate (Table 1).

Characteristics of patients with an invasive candidiasis
at day 5

There was no difference between both groups regarding
the charactenistics of the patients and the evolution of the
invasive candidiasis for the patients with an IC at day 5.
In particular, the rates of clinical failure, or of death, were
not different between DE and NoDE groups in both
documented and non-documented IC (more details on the
characteristics of the patients with an IC are given in
Tables E2 and E3 in ESM).

Primary outcome

On the basis of the double robust estimation, the de-
escalation strategy within 5 days had no significant
impact on the 28-day morality compared to non de-
escalation strategy (relative risk 1.12, 95 % Cl
0.76-1.66). Details on variables used for the double
robust estimation are provided in Tables E4 and ES in
ESM. The sensitivity analysis of patients with a SAT de-
escalation before day 7 gave similar results (RR 0.95
[0.66; 1.36]). Results remained unchanged in prespecified
subgroups, more particularly for documented IC, non-
documented IC, and first-line treatment with candins
(Fig. 2). Moreover, subgroup anmalysis excluding sus-
pected IC with C. glabrara or C. krusei showed no
difference. The results using an IPTW estimator con-
firmed the double robust estimation model that we used
(Table E6 in ESM).

Secondary outcomes

Early SAT de-escalation was associated with a decrease
in the length of ICU stay (14 days [9; 28] vs. 19 days [11;
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Table 1 Patient charactenstics according to the de-escalation status at day 5 of systemic antifungal therapy (N = 647)

Characteristics

Systemic antifungal therspy group p value

De-escalation (N = 142)

No de-escalation (N = 505)

Center characteristics®

Umniversity hospiiai 33 (B4.0) iZ5 (09.8) .78
Type of ICU .19
Medical 17 (1200 79 (15.6)
Surgery 28 (19.7) 136 (26.9)
Polyvilent 97 (68.3) 290 (26.9)
Protocol for SAT prescription B6 (60.6) 275 (544) 057
Protocol for SAT de-escalation 39 (274) 179 (35.5) 0.14
Baseline characteristics
Ape 61.2 [51.5; 7T1L.7] 63.7 [54.8; T3] 0.04
Sex (Male) 90 (63.4) 322 (63.8) 0.93
Body mass index 27.5 [22.9; 32.9] 259 [226; 30.4] (.06
Previous duration of hospital stay (days) 21[0; 9] 2 [0; 9] 091
Previous duration of ICU stay (days) 4 [0; 11] 5[1; 13] 004
SAPS Il score 48.5 [38; 58] 47 [36; 39] 0.52
SOFA score at ICU admission 8 [6; 11] 8 [5; 11] 035
Presence of comorhidines® 4 12: 6] 4 13: 6] 050
Immunosuppression 103 (72.5) 360 (71.3) 0.77
Corticosteroid therapy 4 (2.8) 23 (4.6) 036
AIDS 4(2.8) T(14) 044
Other 14 (9.9) 53(105) 0.83
Surgery just before or during ICU stay 95 (66.9) 330 (65.3) 0.73
Type of ICU admission 0.16
Medicine 61 (43) 234 (46.3)
Elective surgery 8 (5.6) 44 (BT
Emergency surgery 69 (48.6) 200 (39.6)
Other (trauma, bum) 4 (2.8) 27 (5.3)
Al the initistion of the SAT in the ICU
Body tempeniture 38 [37; 38.8] 38 [37; 385] 053
SOFA score 8 [5; 11] 8 [5; 10] 038
Septic shock 86 (60.6) 272 (53.9) 0.16
Severe sepsis 53 (37.3) 198 (39.2) .68
Invasive mechanical ventilation 117 (B24) 417 (BL6) 0.96
Central venous catheter 141 (99.3) 488 (96.6) 0.09
Uninary cathetertzation 133 93.7) 481 (95.2) 045
Hemodialysis or hemodialilration 39 (27.5) 165 (327) 024
Total parenteral nutrition 48 (33.8) 244 (48.3) <0.01
Vasoactive drug 90 (63.4) 311 (61.6) 0.70
Antibacterial treatment 117 (B24) 461 (91.3) <(1.01
Conicosteroid treatment 33 (23.2) 126 (25) 0.68
Red blood cell tmansfusion in ICU 67 (47.2) 297 (58.8) 0.01
Platelet transfusion in 1CU 18 (12.7) 114 (22.6) <0.01
Creatinine (pmol/L) 125 [70; 197] 105 [63; 178] 0.10

The results are gven asm (%) or median =+ interguartile mnge [Q1;
Q3]

p value: Chi-square test for qualimtive vanables, Mann-Whitney
test for quantitative variables

ICU intensive care unit. SAT systemic antifungal therapy. SAPS
simplified acute physiology score, SOFA sequential organ failure
assessment, AMDS acquired immunodeficiency syndrome

* p value for center chamcteristics was oblained using an univariate
hierarchical model

35] group p < 0.01), and a decrease in the SAT duration.
The number of days alive without SAT at day 28 was
higher in the DE group (14 days [5; 23]) than in the
NoDE group (10 days [2; 17] p < 0.01). On the basis of
the cost of echinocandin agents in France, we calculated

* Comorbidities: myocardial infarction, congestive heant failure,
perpheral vemous disease, hemopathy, solid organ transplant,
stroke, dementia, chronic obstructive pulmonary disease, peptic
ukcer discase, diabetes (with or without organ damage), mild or
severe chronic kidney discase, hemiplegia, solid tumor, mild or
severe chronic liver discase

median costs in each DE group. It was 2835 € in the
NoDE group (IQR 171; 7371) and 1743 € in the DE
group (IQR 1134; 2382). The improvement of the SOFA
score at day 7 was similar in both groups (Table 3).
Clinical and microbiological failure rates were strictly
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Table 2 Type of initial systemic antifungal therapy and invasive candidiasis according to patient group (N = 647)

Charactenstics systemic antifungal therapy group p value
De-escalation (N = 142) No de-escalation (N = 505)
Type of initial systemic antifungal therapy <0.01
Amphotericin B {0y 1012
Fluconizole 15 (10.6) 246 (48.7)
Vorconazole 0 (0 4 (0.8)
Echmocandins 127 (89.4) 245 (48.5)
Al day 5 after SAT initiation
Documented invasive candidiasis 70 (49.3) 206 (40.8) 0.07
Type of Candida infection
Candidemia 32(2.5) 82 (16.2) 0.08
Other invasive candidiasis 41 (28.9) 140 (27.7) 0.58
Deep-scated candidiasis 12 (8.5) 38 (7.5) 0.72
Complicated intra-abdominal infection 29 (20.4) 102 (20.2) 0.95
Candida species®
Candida albicans 62 (43.7) 131 (35.9) <1.01
Candida non-albicans 12 (8.5) 91 (18.0) <1.01
Candida glabrata 6(42) 47 (9.3) 0.05
Candida parapsilocic 1 (0.7} 15 (30} 0.12
Candida krusei 0(m 9 (L.8) 0.11
Candida tropicalis 32 10 (20) 0.92
SAT systemic antfungal therapy
* Data only available for documented invasive candidiasis
Table 3 Results for the secondary outcome
Charactenistics Systemic antifungal therapy (SAT) group p value
De-escalation (N = 142) No de-escalation (N = 505)
SOFA score at day 7 after imtial SAT 5[3:9] 519 0.90
Delta SOFA score from SAT o day 7 2[=1: 4] 2[0: 4] .46
Length of ICU stay after initial SAT (days) 14 [9; 27) 19 [11; 35 <0.01
Length of SAT administration (days) 12 [5; 16] 14 [8; 21] <001
Number of days alive without SAT at day 28 13 [5; 23] 10[1: 17] =101
Number of days alive outside the ICU at day 28 35 [0: 17] 01]0; 13] 0.03

SAT systemic antifungal therapy, JCU intensive care unit SOFA sequential organ fallure assessment

similar between DE and NoDE groups (Table E3 in
ESM).

Post hoc power analysis

The sample size for the primary objective allowed us to
conclude the non-inferionty of SAT de-escalation, in the
case of an absoluterisk difference of 9 % with a powerof 0.8.
Details of the post hoc power are given in Table E7 in ESM.

Discussion

Our causal analysis based on a large prospective obser-
vational multicenter study showed that SAT de-escalation
in case of suspected or documented IC in non-neutropenic
ICU patients occurred in only 22 % of the cases, and did

not impact day-28 mortality. DE led to a subsequent and
significant decrease in the antifungal consumption. These
results remained valid with different subgroups and were
confirmed by sensitivity analysis.

Incidence of IC is increasing in ICU patients [27].
Despite the increasing amount of data on IC management,
and the development of less toxic antifungal agents, the
day-30 and early (before day 8) monality rates are still
increasing over time.

In order 1o save patients, physicians started antifungals
early in case of severe sepsis or shock, without waiting for
the definite proof of infection, as it is often delayed. This
strategy naturally increased the number of SAT initiated in
ICU and is certainly beneficial for ICU patients with doc-
umented fungal infections [12]. However, three out of four
of the SAT are given without definite proof of fungal
infection; this may lead to antifungal overuse with delete-
rious consequences [12]. Finally, the benefit of this empiric
strategy has not been demonstrated in the general ICU
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N DE NoDE Relative risk* (95% CI)
All patients
De-sscalation before Day 5 647 142 (22) 505(78) —_— 1.12 [0.756-1.66], p=0.57
De-escalation before Day 7' 573 127 (22) 446 (78) —_— 1.05 [0.72-1.54], p=0.79
Initial SAT: Echinecandin 373 127(34) 246 (85) . 0.97 [0.65-1.44), p=0.89
Initial SAT: Fluconazole® 261 15 (6) 246(%4) —— 1.30 [0.94-1.80], p=0.11
Without secondary location 637 141 {22} 486 (78} — £12[0.76-1.67] p=054
Centers >1040 beds 504 109 (22) 395(78) B 1.03 [0.64-1.63], p=0.91
Without C.gl and Ckr SICT 841 142 (22) 499 (78) —_— 1.12 [0.76-1.85], p=0.57
Documented invasive candidiasis !
All Decumented IC 276 TO(25) 208(75) ——A——— 0.81 [0.49-1.35], p=0.42
C.albicansIC 193 62(32) 131(68) ———+——— 0.79 [0.48-1.31], p=0.37
C.nonalbicansIc ™ 83  8(10) 75(%0) ——At——— 0.88 [0.54-1.43], p=0.61
Non decumentsd invasive candidiasis i
Absence of IC at Day 5§ 371 T2(20) 299 (80) . 0.96 [0.56-1,65), p=0.89
SATSInp" 71 48(13) 323 (8T) —r— 0.98 [0.71-1.35]. p=0.90
[ i |
05 1.0 2.0
Favor DE Favor noDE

Fig. 2 Summary of results for primary and secondary outcomes.
DE de-escalation, NoDE no de-escalation, JCU intensive care unit,
D5 day 5, D7 day 7, SAT systemic antifungal treatment, JC
invasive Candida mfection. *RR relative risk. If RR < 1, de-
escalation is protective for 28-day mortality, If RR > 1, de-
escalation i not protective for 28-day mortality. "De-escalation was
considered within 7 days after SAT initiation. The estimate was
adjusted for SOFA score variation between the SAT start and

population [15, 18]. Furthermore, the overuse of antifungal
agents is associated withincreased MICs of Candida spp. to
antifungal drugs [13. 28-31]. In addition, antifungal pre-
exposure is associated with clinical [27] and microbiolog-
ical failures [13, 32] and with breakthrough infections [ 29,
33]. Antifungal streamlining strategies are therefore fun-
damental to try to curb the trends.

In the ESCMID guidelines, step-down therapy is rec-
ommended only after 10 days for documented infection.
In the IDSA guidelines, step-down therapy to fluconazole
is considered reasonable for patients who have clinically
improved after initial therapy with an echinocandin or
polyenes and who are infected with a Candida spp. that is
likely to be susceptible to fluconazole [20]. However,
both the de-escalation rules for the most severe critically
ill patients and the stopping rules for SAT started early
without proven infection are not defined [19. 20].

For proven invasive candidiasis, three other studies
already found that de-escalation is safe in the case of
Candida spp. sensitive to fluconazole. In a small cost-ef-
Fectiveness study, de-escalation to oral fluconazole was
encouraged for candidemia. Of the 37 episodes of docu-
mented candidemia. 27 were commenced onm an
echinocandin or voriconazole and 19 (70.3 %) were de-
escalated to fluconazole on the basis of the intravenous oral
switch therapy (IVOST) policy after a mean of 4.6 days,
with good results and important cost saving [34].

In the recent ACTION project performed by the
Japanese Mycosis Group, clinical failure rate and

day 7. *Fluconazole: All patients in the DE group had only stop
treatment. " Exclusion of patients with suspected mvasive candidi-
asis with C. glabrata and C. krusel *"Candida spp. for the 8
patients i the DE group were C. glabrata (N = 4), C. tropicalis
(N = 2), C. parapsilosis (N = 1), and C. lusitaniae (N = 1). "'DE
concemned only patients which switched from all mitial SAT o
SAT stop within 5 days

mortality rate were lower in patients with adherence to
step-down oral therapy [22].

An open-label. non-comparative study evaluated an
intravenous (1.v.) to oral step-down strategy. Patients with
candidiasis were treated intravenously with anidulafungin.
After 5 days of i.v. therapy, investigators had the option to
step-down to oral azole therapy (fluconazole or voricona-
zole) if patients met prespecified criteria (ability to tolerate
oral therapy: not febrile for more than 24 h: hemodynam-
ically stable; not neutropenic; and documented clearance of
Candida from the bloodstream). Of the 250 patients
enrolled in the mITT population, 102 were switched to oral
therapy after a median of 6 days. and clinical response
relapse and mortality were similar between patients with
early switch and the other patients [21].

Our results confirm previous observations that early
de-escalation to azole is possible and safe. We also
showed that empiric treatment could be safely stopped
after 5 days of SAT therapy in the absence of proven
invasive candidiasis.

De-escalation strategy is not explained by severity of
organ dysfunction, shock, surgical type of admission, or by
the use of other antimicrobial treatments. It occurred less
frequently in older patients, for patients in ICU for a longer
period of time, or those still under parenteral nutrition.

This study had several limitations. First, it was cali-
brated to reach a power of 80 % to show an absolute risk
difference (ARD) of 9 % between both groups. The study
is therefore underpowered to show a smaller ARD,
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although still of important clinical relevance. The post
hoc power analysis showed that the sample size necessary
to reach a sufficient power for subgroup analysis or to
show a smaller ARD would need thousands of patients
enrolled. This would be unrealistic for a clinical trial.

Secondly, the causal model based on observational
data was conducted under the unverifiable assumption of
the absence of immeasurable confounders. In this study,
there were no measurable time-dependent confounders
during the SAT administration. This was a limitation,
because SAT de-escalation could be related to the evo-
lution of the patient’s state of health during time.

As an example, the beta-p-glucan was not routinely
measured within the AmarCAND2 study. However, the
potential usefulness of repeated measurements of beta-p-
glucanis only suggested in very particular subgroups of ICU
patients with complicated abdominal surgery abdominal
leakage or acute pancreatitis [35] and lack of specificity and
sensitivity in the general ICU population [36].

Third, the reasons leading the investigators to stop
SAT were not recorded, although it may have influenced
the final results. However, the guidelines for de-escalation
were equally followed between DE and NoDE groups.

Last, we cannot be sure that measured confounders
occurring between SAT initiation and day 5 that were
making physicians prone to de-escalate have been fully
taken into account. However, neither the characteristics of
the invasive candidiasis nor the SOFA at day 7 or the
delta SOFA between SAT initiation and day 7 were dif-
ferent between groups. Furthermore, we analyzed de-
escalation at day 7 as an exposure variable; it had no
significant effect on the 28-day mortality.

We concluded that, in non-neutropenic critically ill
adult patients with proven or suspected IC, SAT de-
escalation within 5 days was associated with a decrease in
antifungal consumption without apparent deleterious
effect on day-28 mortality. De-escalation to fluconazole
may be recommended for stabilized patients, with nega-
tive blood culture and absence of secondary location for

candidiasis. The latter has to be confirmed in randomized
control trials.
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ESM1: power calculation

Based on a 28-day mortality of 25% for patients who were still alive in ICU after 5 day, a
non-inferiority margin of 10% will be considered as an acceptable hypothesis to conclude to
the non-inferiority of SAT de-escalation on primary outcome. This margin corresponds to a
power of 80% for an effective of 678 patients with a ratio of 1 patient of DE group for 3

patients of the NoDE group.
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Table E1 : Removal of the possible source of infection

SAT group
DE NoDE
N=142 N=505 P value
At least one 45 (31.7) 177 (35) 0.65
Ce‘n‘.[r.al f:atheter removal on SAT 15 (57.7) 23 (28.8) <01
initiation day
Delay* 0[0;1] 1[0; 3] 0.01
Arterial catheter removal 28 (62.2) 67 (38.3) <.01
Delay 0[0;1] 1[0; 3] 0.02
Dialysis catheter removal 11 (24.4) 32 (18.4) 0.36
Delay 1[0; 2] 1[0;2] 0.95
In:ime‘diatTe removal of intravascular 17 (12) 32 (6) 0.03
evices
Foreign equipment removal 4(2.8) 23 (4.6) 0.36
Delay 1.5[0; 3] 0[-1;3] 0.47
Additional surgery 11 (7.7) 56 (11.1) 0.25
Delay 0[0;2] 0.5[0; 3] 0.3
Percutaneous drainage 2(1.4) 17 (3.4) 0.22
Delay 712;12] 1[-1;2] 0.14

*Delay: number of days after SAT initiation

" Immediate removal of intravascular devices: removal of the central catheter or the arterial

catheter or the dialysis catheter on SAT day.

SAT: systemic antifungal therapy; DE: de-escalation group; NoDE: no de-escalation group

Missing values: 143 patients with a proven invasive candidiasis had no immediate removal of

intravascular devices or other removal on SAT initiation day.
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Table E2: Characteristics of the patients with a documented invasive candidiasis at day

5 (N=276)
SAT group
DE NoDE
N=70 N=206 P value

Secondary locations 0.26

0 67 (95.7) 188 (91.3)

1* 1(1.4) 94.4)
Number of positive blood samples after the
initiation of SAT (missing=81) 0.36

0 32 (64) 95 (65.5)

1 7 (14) 11 (7.6)

>2 11 (22) 39 (26.9)
Median delay of positive blood culture (days)** 513 ; 8] 5[3;15] 0.69
Probable Candida endophthalmitis (***) 2 (12.5) 3(6.5) 0.45
Trans-esophageal echocardiography 17 (24.3) 52 (25.2) 0.87
Probable endocarditis 1 (5.9)%*** 6 (11.5) 0.50

(*) details of the secondary locations : DE group: endocarditis (1); NoDE group: ascitis (1);

endocarditis (3); genital (1) ; eye (1); pleural (2) ; splenic (1).

(**) 8 patients in the DE group and 33 patients in the NoDE group had a known positive

blood culture delay after the SAT.

(***) 16 patients in the DE group and 46 patients in the NoDE group underwent funduscopy.

(****) in this patient, de-escalation from caspofungin to fluconazole occurs two days after

SAT initiation, related to the identification of C. albicans. Right-sided endocarditis was

suspected on the basis of the culture of the pacemaker probe removed which culture yielded

Candida.

SAT: systemic antifungal therapy; DE: de-escalation group; NoDE: no de-escalation group
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Table E4 - Results of the weight model for the de-escalation effect (logistic regression

model)
Parameter HR* (95%CI) P-value
Center variables
Infectious diseases adviser in hospital 0.38[0.19; 0.76] 0.01
Systematic treatment of Candida colonization 0.84[0.54 ; 1.31] 0.44
De-escalation practiced following guideline 2.09[1.03 ; 4.24] 0.04
Microbiology laboratory in the hospital 1.35[0.59 ; 3.06] 0.48
Surgery ICU 0.55[0.3; 1.02] 0.06
Local antifungal protocol 0.93[0.55 ; 1.56] 0.78
Variables at ICU admission
Type of admission (medicine) 0.57[0.35; 0.91] 0.02
Chronic disease 0.99[0.6 ; 1.64] 0.98
Age 0.99[0.97 ; 1] 0.15
Body Mass Index 1.0170.98 ; 1.05] 0.35
Variables at SAT administration
Echinocandins 10.65[5.64 ; 20.14] <.01
Immediate removal of intravascular devices 1.89[0.88 ; 4.08] 0.10
Duration of ICU stay before SAT )
administration (>5 days) 0.84[0.525 1.38] 0.49
SOFA score
[0; 5] 1.10[0.56 ; 2.19] 0.78
[6; 9] 0.69[0.40 ; 1.17] 0.17
>9 0[0 ; 0] .
Septic shock 1.02[0.60 ; 1.75] 0.94
Total parenteral nutrition 0.46[0.29 ; 0.73] <.01
Antibacterial therapy 0.46[0.24 ; 0.87] 0.02
Red blood cell transfusion in ICU 0.52[0.32 ; 0.84] 0.01
Creatinine (>103 pmol/L) 0.94[0.58 ; 1.50] 0.78
Documented candidemia (at Day 5) 0.77[0.43 ; 1.39] 0.39

*HR: Hazard ratio for SAT de-escalation. HR>1 increases the SAT de-escalation probability.

" Immediate removal of intravascular devices: removal of the central catheter or the arterial

catheter or the dialysis catheter on SAT day.

SAT: systemic antifungal therapy; DE: de-escalation group; NoDE: no de-escalation group;

ICU: intensive care unit; SOFA: sequential organ failure assessment.
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Table ES: Results of the final model for the de-escalation effect on 28-day mortality
using a doubly-robust estimator

De-escalation No De-escalation

Parameter HR* (95%CI)  Pvalue HR' (95%CI) Pvalue
Center variables
Microbiology laboratory (24/24) 0.61[0.30; 1.21] 0.11 0.26[0.08 ; 0.82] 0.02
Number of hospital bed (>1040) 0.59[0.37 ; 0.94] 0.02 0.57[0.21 ; 1.57] 0.28
Infectious disease adviser in ICU 0.59[0.36 ; 0.99] 0.04 0.35[0.13 ; 0.94] 0.04
Presence of a surgery ICU 0.60[0.34 ; 1.06] 0.07 1.86[0.53 ; 6.56] 0.34
Variables at ICU admission
Duration of hospital stay before ) )

ICU admission (>1 day) 1.50[0.95 ; 2.35] 0.08 0.93[0.40 ; 2.17] 0.86
S“Srti;r”““ before or during ICU 5 1rr639.099]  0.04 0.55[021:149]  0.24
Presence of chronic diseases 1.75[1.02 ; 2.99] 0.03 3.8[1.32;10.92] 0.01
SAPS II score 1.02[1.00 ; 1.03] 0.02 1.02[0.99 ; 1.05] 0.15

Variables at SAT administration
Echinocandins 1.78[1.1 ; 2.88] 0.02 0.62[0.14 ; 2.71] 0.52
Immediate removal of 1.85[0.77;4.43]  0.99 1.89[0.43;8.34]  0.40
intravascular devices®
Body temperature >38 °C 0.49[0.31 ; 0.79] <.01 0.90[0.36 ; 2.25] 0.82
Septic shock 2.61[1.23 ; 5.50] 0.01 0.53[0.12 ; 2.31] 0.39
Hemodialysis 1.08[0.63 ; 1.84] 0.96 2.30[0.83 ; 6.36] 0.11
Vasoactive drug 0.69[0.32 ; 1.48] 0.39 1.61[0.38 ; 6.86] 0.52
Corticosteroid therapy 0.86[0.51 ; 1.45] 0.59 1.84[0.68 ; 4.98] 0.23
Red blood cell transfusion in ICU 1.13[0.69 ; 1.83] 0.42 0.74[0.29 ; 1.89] 0.53
Creatinine (>103 umol/L) 1.07[0.66 ; 1.73] 0.68 1.03[0.37 ; 2.88] 0.96
Documented candidaemia at Day 5 1.20[0.65 ; 2.20] 0.21 1.04[0.30 ; 3.57] 0.95

*Hazard ratio in the DE group: risk for 28-day mortality if all patient had a SAT de-escalation

before day 5 (a HR>1 increase the 28-day mortality)

" Hazard ratio in the NoDE group: risk for 28-day mortality if all patient had no SAT de-

escalation before day 5 (a HR>1 increase the 28-day mortality)

¥ Immediate removal of intravascular devices: removal of the central catheter or the arterial

catheter or the dialysis catheter on SAT day.

SAT: systemic antifungal therapy; DE: de-escalation group; NoDE: no de-escalation group;

ICU: intensive care unit; SAPS: simplified acute physiology score.
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Table E6: Results of the IPTW models for SAT de-escalation effect on 28-day mortality

Selected population Group HR[95 % C1] e
All patients De-escalation before D5 1.17 [0.72 ; 1.91] 0.52
De-escalation before D7 1.15[0.66 ; 1.98] 0.62
Initial SAT: echinocandins 0.9210.57 ; 1.49] 0.73
Initial SAT: Fluconazole 2.2410.68 ; 7.36] 0.18
Without secondary location 1.1710.73 . 1.89] 0.51
Hospital centers >1040 beds 1.20[0.57 . 2.52] 0.63
Documented IC Invasive candidiasis at D5 1.00[0.48 ; 2.12] 0.98
C. albicans 1C at Day5 0.74 [0.26 ; 2.06] 0.56
C. non albicans 1C at D5 1.10 [0.19 ; 6.43] 0.92
Non documented IC Absence of IC at D5 1.14 [0.62 ; 2.09] 0.67
SAT stop at D5 0.65[0.22; 1.93] 0.44

DE: De-escalation; ICU: intensive care unit; D5: day 5; D7: Day 7; SAT: Systemic
Antifungal Treatment; IC: invasive Candida infection
*HR: Hazard ratio. If HR>1: SAT de-escalation increase the risk of 28-day mortality. If

HR<I1: SAT de-escalation decrease the risk of 28-day mortality.
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III.  Analyse causale sur données longitudinales

Dans le cas ou le traitement évolue au cours du temps et que le pronostic est impacté a la fois
par I’histoire du traitement et par des facteurs de confusions dépendants du temps, 1’approche
IPTW utilisée précédemment ne suffit pas, car elle peut conduire a une estimation biaisée de
I’estimateur final.[51, 59] Dans ces cas, il est nécessaire d’utiliser une approche plus adaptée,
les modeles structurels marginaux, développés par Robins. [60] Si leur mise en ceuvre est
simple et peut se faire sur tous les logiciels statistiques avancés, ils reposent sur des
hypotheses fortes telles que la positivit¢é (ou I’identifiabilité), I’absence de mauvaise
spécification des variables dans les modéles et 1’absence de facteurs de confusion non
mesurés. Une mauvaise prise en compte de ces hypothéses peut entralner un biais de

I’estimation finale ou un manque de précision important.[61]

Ces modeles sont de plus en plus utilisés dans la recherche médicale et se prétent
particulierement aux problématiques des USI ou la mise en place d’essais cliniques n’est pas
toujours possible ou est limitée a un nombre restreint de patients. Afin de permettre une
meilleure compréhension de ces modéles aupres des cliniciens, nous avons choisi de présenter
un article court qui a ét¢ publi¢ dans la revue Intensive Care Medicine. Cet article introduit
¢galement la méthode employée dans la partie suivante pour évaluer 1'impact des traitements

antifongiques sur le pronostic des patients.
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When randomized controlled trials are not possible,
observational longitudinal data may be the only option to
quantify the impact of a treatment on an outcome [1]. As
an illustration, we assessed the impact of empirical sys-
temic antifungal therapy (SAT) on mortality in critically
ill patients [2]. A regression may be used to model the
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relationship between SAT and mortality, with adjustment
on potential confounders. In many situations, the regres-
sion coefficient cannot be interpreted causally,
particularly when SAT administration is a time-dependent
variable [3-5]. Indeed, besides a direct causal effect, there
may be several paths linking the treatment to the outcome
through various confounders, i.e., variables associated
with treatment allocation and with the outcome which
may confound the association of interest. In this situation,
the association measure provided by standard regression
may differ from what clinicians often seek, which is a
quantification of the direct causal effect between an
exposure and an outcome. This situation may be illus-
trated by considering severe sepsis as a single confounder.
Indeed, severe sepsis may trigger SAT while it also
impacts mortality. Hence, SAT and mortality share a
common cause, i.e., an indirect path linking SAT to
mortality (Fig. E1 in the Electronic Supplementary
Material). The standard approach based on logistic
regression, for instance, may lead to a biased estimation
of the causal effect of SAT on mortality because some
time-dependent variables (i.e., septic shock) which may
be affected by previous treatment history can in tum
affect both further treatments and the outcome [3]. To
overcome the limitation of standard regression approa-
ches, new specific statistical methods have been
developed to handle this type of bias and are often
referred to as causal inference methods. They were first
introduced in intensive care unit (ICU) literature by
Bekaert et al. [6].

Let us consider ten ICU patients, three with and seven
without severe sepsis (SS) at baseline, and suppose that
SAT is administered to two patients with SS (67 %) and
two patients without SS (29 %). To conclude about a
causal relationship between treatment and mortality, the
distribution of the confounders between the groups should
be balanced. The propensity score (PS) may be used for
this balance. In other words, with the use of the PS, a
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difference in outcome between the treatment groups may
be considered as causally related to the exposure [7]. PS
matching estimators are usually used to estimate the
average treatment effect in the treated (ATT) and answers
to the question: “How would the outcomes of the treated
individuals have differed had they received the control?”
Nonetheless, this may not be the question of interest.
When estimating the impact of SAT, the research ques-
tion is rather: “What would be the outcome if all patients
at risk were treated or if all remained untreated?” [8].
This is usually referred to as the average treatment effect
(ATE). The PS may be also used to estimate the ATE
through the inverse probability of treatment weight
(IPTW) estimators [8]. The IPTW general concept is to
weight each individual contribution by the inverse of his/
her probability of receiving his/her treatment. The
weights are calculated as 35 in treated individuals and =5
in the untreated individuals and are used to create a
pseudo-population in which the exposure is independent
of the measured confounders as illustrated in Fig. 1 [9,
10].

In the simple situation of a binary point treatment with
non-time-varying confounders, and under a certain set of
assumptions, one just has to compare the weighted out-
come in the treated and the untreated to get an estimation
of the causal effect of the exposure on the outcome in this
pseudo-population. Hence, the first benefit of these new
statistical approaches is that, under a set of assumptions,
they may offer the possibility to estimate such causal
quantities. However, the experimental situation is often
more complex and may involve multiple time-point
treatments and time-varying confounders. Marginal
structural models (MSM) are a new class of statistical
models developed by Robins [3] to handle this particular
situation. Practically, MSMs refer to the regression of the
outcome on the exposure in the pseudo-population [9]. In
MSMs, IPTW estimators are used to estimate the
parameter of interest (e.g., the causal risk difference,
relative risk, or odds ratio). Specifically, the causal risk
difference (i.e., the ATE) equals the slope of a weighted
linear regression of the outcome on the exposure, using
the weights as defined earlier. The added value of MSMs,
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Fig. 1 Example of estimating the inverse probability of treatment
weight. This example uses a virtal sample of ten patients. (/) The
population may be divided into two groups according to the
presence/absence of a severe sepsis (three versus seven). (2) In
each subgroup, some patients are receiving SAT. For each
individual in each subgroup, the probability of receiving his/her
actual treatment (Pgaygss: 1.e., probability of treatment given the
presence/absence of SS) may be estimated from empirical propor-
tions. (3) The inverse probability of treatment weight (IPTW) is
computed from this probability and is equal to 1/Pgayss), The
weight equals 1/PS when SAT =1 and 1/(1 — PS) when
SAT = 0. (4) These weights are used to build the pseudo-

population, where an individual with a low probability of SAT will
be up-weighted and, conversely, and individual with a high
probability of SAT will be down-weighted. The pseudo-population
encompasses both factal and counterfactual observations. In this
pseudo-population, the treated and untreated individuals are
exchangeable and it is possible to compute directly the difference
in mortality. If one death is observed in the treated group (without
severe sepsis) and two deaths are observed in the untreated group
(one with severe sepsis and one without severe sepsis), the
estimated number of death in the pseudo-population is 3.5 in the
treated group and 4.4 in the untreated group (3 + 1.4). The relative
risk for mortality is (3.5/10)/(4.4/10) = 0.795
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as compared to the previously described PS-based meth-
ods, is that they can handle time-dependent confounders
when classical PS methods account only for baseline
confounders bias.

In case of longitudinal data, the treatment probability
has to be updated at each time point [11, 12]. This means
that the treatment probability at time ¢ is estimated from
the variables measured up to time 1, including the expo-
sure history. The probability of being treated at time s in
turn defined as the product of all the treatment probabil-
ities up to time 1. Thus, the weights derived at each time
point are combined into single weights to estimate the
impact of the entire treatment regimen.

Causal interpretation of the MSM parameters relies on
some assumptions [3, 13]. First, for each combination of
covariates, there must be treated and untreated individu-
als. When, for certain characteristics, there are only
treated or untreated, the so-called positivity assumption is
violated [3, 9]. This means that, in this stratum, the causal
effect is not identifiable. In the present issue, Muriel et al.
used an MSM with IPTW to estimate the causal effect of
analgesic and/or sedative drugs on the failure of non-
invasive positive-pressure ventilation [14]. Although this
approach seems well suited for the topic, the results
should be interpreted with particular caution because of
the positivity assumption. The relatively small number of
individuals in each treatment group defies the positivity
assumption. This may explain the great vanability in the
final estimates (the wide confidence intervals). A second

causal assumption is known as the ignorability assump-
tion. It refers to the absence of significant unmeasured
confounder. Specifically, in the context of longitudinal
studies, at each measurement time one must have avail-
able the history of all risk factors of the exposure that are
also associated with the outcome (time-dependent con-
founding factors). While the first assumption is verifiable
from the data, the second is often non-testable. Some
basic SAS codes adapted to our example as well as details
about the positivity assumption are provided in the
Electronic Supplementary Material. Finally, to obtain
unbiased causal estimates, the model for the conditional
probability of exposure has to be correctly specified.
Although MSMs are increasingly used in the medical
literature and offer a new appealing alternative to stan-
dard regression methods, they need a very complex
analytic strategy, especially because IPTW estimators can
be very unstable and need strong assumptions to be ade-
quately interpreted. Thus, the use of MSM for
observational and longitudinal ICU data analysis often
requires extensive statistical background. To overcome
the risk of PS model misspecification, recent advances
have been proposed. Double-robust estimators (e.g.,
augmented IPTW or targeted maximum likelihood esti-
mators) [ 15] may represent the future of causal inference.
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Figure E1:
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At inclusion (DO0), the groups are unbalanced regarding severe sepsis (SS). The 30-day

mortality is a function of SS at DO, but also of any SS occurring thereafter (time-dependent

confounder) and of exposure to systemic antifungal therapy (SAT), which may change over

time. The probability of receiving SAT is also a time-dependent covariate and may be a

function of SS and of previous SAT exposure.
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ESM SAS programming code for Figure 1

Example 1: SAS code to compute the odds ratio with one confounder in the case of a one-

point treatment study (Figure 1).

1. Creation of the dataset

Data EXAMPLE;
input SS
datalines;

1

PR PP OOOOOOOo
Q|IFIFloo oS

~.

Variable description:

1

oo ool =&

SAT DEATH;

2. Weight computation:

The weights are estimated in two steps.

SS: severe sepsis (0 for not exposed and 1 for exposed)
SAT: systemic antifungal therapy (0 for not exposed and 1: exposed)
DEATH: 30-day mortality (0 for alive and 1 for dead)

First, the probability of receiving SAT is computed using a logistic regression (PROC

LOGISTIC) where SAT is the response and SS the explanatory variable.

PROC LOGISTIC DATA= EXAMPLE descending noprint;
model SAT=SS/link=logit;

output out= WEIGHTS pred= PSAT;

run;

The descending option is needed to model the probability that SAT = 1.

In the code, 1ink=1ogit refers to a logit link between the response and the explanatory

variables.
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The output is a table called "Weights" that includes the probability of receiving SAT given SS

(Psat=1jss) for each patient. This probability is stored as a variable called "PSAT".

Second, weights are computed as follows: 1/ Psar-1ss in patients receiving SAT or 1/(1-

PSAT=1|SS) in the others:

data WEIGHTS; set WEIGHTS;

if SAT=1 then IPTW=1/ PSAT;

if SAT=0 then IPTW=1/(1l- PSAT);
run;

3. Odds ratio estimation

The PROC GENMOD uses a general estimating equation. It may be used to compute the odds
ratios from a weighted dataset. Code estimate is used to choose the association measure,
here, it is OR (to estimate a relative risk, the code option 1ink must be changed from

logit to log).

PROC GENMOD data = WEIGHTS descending;

model DEATH = SAT SS/ dist = binomial link = logit;
weight IPTW;

estimate 'Beta' SAT 1 -1/ exp;
run;

4. Multivariate analysis

As illustrated below in the extension for longitudinal data, the weighted regression may be

adjusted for additional confounders.
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ESM2 Extension to longitudinal data and the positivity assumption

Some changes are necessary to take into account multiple time-points:

1. Multiplication of the weights

To take into account the history of SAT up to time t, the weights up to time t are obtained by
multiplying the weights derived from the PSs at time t by the weights obtained at each time
point up to time t-1. As presented by Hernan et al in the SAS programming code for MSM

Cox model [1], the steps for a longitudinal model are as follow:

Let us consider, besides SS_TD, three additional confounders: parenteral nutrition (PN_TD),
multifocal Candida colonization (MCC TD) and broad spectrum antibacterial therapy
(BSAT _TD). We use suffix TD to specify that these confounders are time-dependent. We

use an additional variable to allow for time (TIME ).

The probability of receiving SAT is estimated in the same way, by simply adding the

additional confounders:

PROC LOGISTIC DATA= example descending noprint;

model SAT=SS TD PN _TD MCC_TD BSAT TD TIME/link=logit;
output out=WEIGHTS pred= PSAT;

run;

The weights are computed using a retain statement in a DATA step as follows:

DATA WEIGHTS ; set WEIGHTS ;
if first PATIENT then MULT=1;
retain MULT ;

If SAT=1 then MULT = MULT*PSAT;
If SAT=0 then MULT = MULT* (1-PSAT);

IPTW=1/MULT;

run;
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Variable MULT is used to store the previous weight at each time for a given patient. The first

day, for a new patient, MULT is initialized to 1 and takes the value of PSAT.

The second day, MULT multiplies PSAT at day 2 by PSAT at day 1 and so forth over the

following days.

Finally, the weights are computed using MULT instead of PSAT as shown above.

2. Stabilization of the weights

To avoid an exponential growth of the initial population, the weight may be stabilized by
replacing 1, at the numerator, by the probability of receiving SAT given the baseline
covariates. Stabilization narrows the confidence intervals and therefore improves their
coverage [2]. Further details on the SAS programming code are given by Hernan et al. [1] or

Do et al. [3].

To implement MSMs in STATA, a detailed programming code may be found in a publication

by Fewell et al. [4] or in an Electronic Supplement by Nandi et al. [5].

Finally for R application, two packages are available: ipw [6] and /tmle [7].

3. Positivity assumption

As previously stated, positivity is a key assumption in causal inference. A small sample size
and a low or high treatment prevalence may violate the positivity assumption. When positivity
is strongly violated, the causal parameter may not be identifiable from the data. When
positivity is slightly violated, IPTW estimators may be biased and highly unstable [8, 9].
Positivity may be checked by looking at the distribution of the weights. The mean should be

close to one and the range should be limited and have no outliers. [2]
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IV. Impact du traitement précoce sur le pronostic des patients

L’exploitation de la base de données longitudinales de haute qualit¢é OutcomeRea® a permis
d’étudier I’'impact du traitement antifongique empirique sur le pronostic a 30 jours des
patients séveres, non neutropéniques en USI a I’aide d’un mod¢le structurel marginal. Cette
base de données présente I’avantage d’étre multicentrique, prospective et longitudinale par un
recueil journalier des données qui reflete 1’évolution de 1’état de santé et des soins effectués

aux patients admis en USI durant leur séjour.

Dans le cas de I’administration d’un traitement antifongique, le fait de recevoir un traitement,
un jour donné, dépend autant de 1’état du patient a son entrée dans le service de réanimation
(sévérité initiale, age, sexe, traitement prophylactique préalable, etc.) que de 1’évolution de
son état ou des soins administrés au cours du temps (sévérité, nutrition parentérale, sepsis,
présence de cathéter, etc.) comme nous I’avons vu dans 1’article précédent. Les principaux
facteurs de risques associé€s a une candidose invasive et a la mortalité précoce sont mesurés
quotidiennement dans la base, ce qui permet de réduire le risque d’absence de facteurs de
confusions importants pour utiliser un MSM. De plus, cette base est représentative de la
population des patients en réanimation, et, a la différence d’un essai clinique, il sera possible
d’extrapoler les résultats a I’ensemble des patients séveéres non neutropéniques en

réanimation.[62]

Les résultats de cette étude ont été¢ publiés sous forme d’article dans American Journal of

Respiratory and Critical Care Medicine (AJRCCM).
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Résumé de P’article

Si les traitements antifongiques sont administrés majoritairement en absence de toute
documentation d’infection fongique, il n’a pas été démontré¢ d’effet bénéfique clair d’un
traitement probabiliste. L objectif de 1’étude est d’estimer I’impact de 1’administration d’un
traitement antifongique empirique sur la mortalit¢ a 30 jours ou sur la survenue d’une

candidose invasive chez les patients a haut risque.

Pour cela les patients non-neutropéniques, n’ayant pas eu de transplantation d’organe, sans
candidose invasive documentée les plus séveres, ont été inclus a partir de la base de données

prospective OutcomeRea ®.

Un modéle structurel marginal de Cox a été utilis€ pour estimer 1’effet causal moyen du
traitement sur le pronostic en prenant en compte les facteurs de confusion dépendants du
temps. Trois autres modeles ont €té testés pour s’assurer de la fiabilité des résultats. Pour cela
nous avons réalisé une étude cas-témoin appariée, un modele cause-spécifique et un modele
utilisant un estimateur IPTW double robuste basé uniquement sur les variables initiales. Le
choix de ces modéles ainsi que leurs résultats sont développés dans le supplément

¢lectronique de Iarticle.

Six analyses en sous-groupes ont été effectuées afin d’étudier D'effet d’un traitement

antifongique précoce sur des populations présentant des risques plus importants :

patients avec un Candida score supérieur a 2

- patients avec une colonisation multiple a Candida a I’inclusion
- type d’admission chirurgicale ou médicale

- chirurgie abdominale

- immunosuppression

- différents scores de gravité (SOFA)

Parmi 1491 patients inclus, 100 ont re¢u un traitement antifongique empirique (6.7 %). Ces

patients étaient plus séveres que les patients non traités, avec notamment un score SOFA et un
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Candida score plus élevés et une proportion plus ¢élevée de choc septique et de défaillances
d’organes. Aprés ajustement sur les facteurs de confusions dépendants du temps,
I’administration d’un traitement empirique ne montre pas d’effet positif sur le pronostic des
patients (hazard ratio HR: 1.05 [0.56 ; 1.96]). Ce résultat a ét¢ confirmé par trois autres
modeles. Les analyses de sous groupes n’ont pas mis en évidence d’impact significatif du
traitement sur le pronostic. Il a seulement été observé une tendance non significative a

I’amélioration du pronostic pour le sous-groupe de patient avec un score SOFA inférieur a 7.

I1 s’agissait de la premiére étude multicentrique sur données observationnelles longitudinales
basée sur une population importante de patients séveéres en ICU. Aprés ajustement sur
I’ensemble des facteurs de confusions initiaux et dépendants du temps, I’administration d’un
traitement antifongique sans preuve de candidose invasive n’a pas d’incidence sur le pronostic
a court terme des patients séveres en réanimation, non neutropéniques et non transplantés. Les
¢tudes de puissances a posteriori ne permettent pas de conclure formellement & une absence

d’effet du traitement, notamment dans les analyses en sous-groupes.

Toutefois, ce résultat renforce les doutes sur I’intérét des traitements empiriques en absence
de documentation de I’infection et confirme la nécessité d’affiner les régles de mise en place

d’un traitement empirique.
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Abstract

PRSP

Rationale: Systemic anti pirically
administered to the sickest critically ill patients, often without
documented invasive fungal infection.

Obijectives: Toestimate the impact of systemic antifungal treatment
on 30-day survival of patients suspected to have invasive candidiasis.

Methods: All nonneutropenic, nontransplant recipients managed
in five intensive care units intubated for at least 5 days, and free of
invasive candidiasis, were included. To account for differences in
patients’ characteristics recorded daily before study end point,

a causal model for longitudinal data was used to assess benefits from
antifungal treatment. The composite primary end point was hospital
mortality or occurrence of invasive candidiasis.

Measurements and Main Results: Among 1,491 patients, 100
(6.7%) received antifungal treatment for a suspected infection.
Patients treated with antifungals were more severely il than

Among the pathogens that are most
frequently recovered from intensive care
unit (ICU) patients with hospital-acquired
bloodstream infections, the prevalence of

ICU, Delafontai

Candida spp. infections is ranked between
5.6 and 10% (1-5). Factors associated with
invasive candidiasis (IC) are surgery,
multiple-site Candida spp. colonization,

Hospital, Saint-Denis, France; *Med A

ical ICU and "Parasitology-Mycology, (,}rmobre University

ronche, France; "' TIMC-IMAG UMR 5525 Joseph Fourier University, La Tronche, France; and “Medical ICU,

untreated patients. Within the 30-day follow-up period, 363 (24.3%)
patients died, and 22 (1.5%) exhibited documented invasive
candidiasis. After adjustment on baseline and time-dependent
confounders (underlying illness, severity, invasive procedures,
Candida colonization), and using a marginal structural model for
longitudinal data, treatment was not associated with a decreased risk
of mortality or of occurrence of i i didiasi: d ratio,
1.05; 95% confidence interval, 0.56-1.96; P = 0.91).

Conclusions: This study failed to show outcome benefits for
empirical systemic antifungal therapy in the sickest critically il,
nonneutropenic, nontransplanted patients. The post hioc power did
not allow us to conclude to an absence of treatment effect especially
for specific subgroups. Studies to refine indications for empirical
treatment based on surrogate markers of invasive candidiasis are
warranted

Keywords: empirical treatment; antifungal; invasive candidiasis;
intensive care unit; marginal structural model

severe sepsis, and parenteral nutrition

(6, 7). 1C leads to increased mortality (8),
and early initiation of antifungal therapy in
ICU patients has been shown to be crucial
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At a Glance Commentary

Scientific Knowledge on the
Subject: There is no consensus about
the effectiveness of empirical systemic
antifungal treatment in the sickest
critically ill, nonneutropenic,
nontransplanted patients in intensive
care units.

What This Study Adds to the
Field: Using a nonbiased method for
longitudinal data analysis, this study
shows that empirical systemic
antifungal therapy failed to reduce
mortality or invasive candidiasis

in critically ill and mechanically
ventilated patients.

to improve the prognosis of candidemia
{9-11). Thus, the assessment of clinical risk
predictive rules for IC is becoming critical
(12). Although a continuum exists between
Candida spp. colonization and IC (13),
accurate biologic diagnostic tools are still
lacking (7, 14-16).

To limit Candida-related mortality,
empirical systemic antifungal treatment
(SAT) has been proposed for ICU patients
with risk factors for IC, particularly those
with peritonitis (17-20). This strategy leads
to an increase in the number of ICU
patients who receive SAT (3). Indeed,
Azoulay and coworkers (21, 22) showed
that 7.5% of ICU patients receive SAT,
among whom only one-third of treated
patients presented a proved fungal infection
and may expose to antifungal overuse.
Results from a previously published trial
do not support routine SAT in medical-
surgical ICU patients with persistent sepsis
(23). Thus, the actual benefit of SAT in ICU
patients is not established (24). Because
randomized clinical trials to assess the
causal effect of SAT on death or IC
are lacking, analysis of observational
longitudinal studies may represent
a suitable alternative.

Standard statistical methods are not
appropriate in the case where time-
dependant confounders have an impact on
the exposure and the outcome (25). Time-
dependent confounders can be observed
for SAT administration and must be taken
into account for the estimate of the
treatment effect. A new class of statistical
models, called marginal structural models
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(MSM), was developed for causal inference
on observational longitudinal data. In brief,
these models allow one to estimate the
causal treatment effect by the creation of
a “pseudopopulation” where each patient
is reweighted to balance on potential
confounders and simulate randomization.
By the mean of the “pseudopopulation,”
MSM can remove the bias because of time-
dependant covariates that act as both
confounders and mediators of the causal
treatment effect and therefore manage
selection bias (26).

The objective of this study was to assess
a nonbiased effect of SAT on a composite
primary end point constituted by 30-day
death or IC in severely ill patients in ICU,
using a large high-quality database and
a new method based on Cox MSM with the
inverse probability of treatment weight
{IPTW) estimator.

Methods

Study Design and Data Source

We selected patients from five ICUs
included in the French OutcomeRea
group with prospectively recorded data
regarding 30-day mortality, Candida spp.
colonization, IC, and SAT administration.
Methods for data collection and quality
of the database have been described in
detail elsewhere (27). In accordance with
French law, the OutcomeRea database was
declared to the Commission Nationale de
I'Informatique et des Libertés (#999262).
The objectives of this data collection were
approved by the institutional review
board (#5891) of the Clermont-Ferrand
University Hospital (Clermont- Ferrand,
France). Because the study did not modify
patients” management and data were
processed anonymously, the need for
informed consent was waived.

Study Population

Patients older than 18 years and entered in
the database from May 2004 to June 2012
were considered. To restrict the study to
severely ill ICU patients, only patients with
at least 5 days under invasive mechanical
ventilation and without proved fungal
infection on the fifth day were included.
Exclusion criteria were as follows:
neutropenia (< 1,000 white blood cells per
cubic millimeter), organ and stem cells
transplantations, and decision to forego
life-sustaining therapy before the fifth day

of invasive mechanical ventilation. Because
Candida is the most common invasive
fungal infection in the 1CU (13), and
fluconazole the most widely used SAT, we
did not take into account samples positive to
non-Candida invasive fungal infections.

Definitions

The observed data for each patient were the
measurement on exposure defined by the
use of any SAT, the composite primary
outcome (30-d death or IC), and the
confounders. The confounders were
measured at baseline and daily from
inclusion (fifth day of mechanical
ventilation) to the end of the follow-up
period (Figure 1). The time for patient’s
follow-up completion was defined as the
time to failure (i.e., death or proved IC) and
right-censored after 30 days. Follow-up was
complete at 30 days.

Candida spp. colonization was
considered multifocal when Candida spp.
was simultaneously isolated from two
noncontiguous foci as defined for Candida
score (7, 28). Once a multisite colonization
was detected, the patient was considered
multicolonized until the end of the follow-
up period. Proved IC was defined according
to the modified European Organization
for Research and Treatment of Cancer/
Diseases Mycoses Study Group criteria
(definition for proved IC is provided in the
online supplement ESM1) (17, 29).

Statistical Analysis
The primary outcome measure was death
or proved IC. To assess the effect of SAT
administration on outcome, we used
an MSM that can be considered as an
extension of the propensity-score matching
allowing adjustment for time-dependent
confounders (30). Theory and form of
MSMs with IPTW estimator have been
presented previously (30). A cause-specific
model, a double robust estimator model,
and a conditional logistic regression were
performed to assess the sensibility of the
results obtained by MSM (additional details
on MSM methodology used and results
obtained with the three other models are
provided in the online supplement ESM2).
To assess the potential effect of SAT for
subgroups of patients, sensitivity analysis
was performed in six groups: (1) Candida
score at inclusion greater than 2, (2)
presence of a multicolonization for
Candida at inclusion, (3) type of admission
(surgery or medical), (4) abdominal
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Rolling windows =3 to 705 patient-days of antifungal therapy
RS == e before outcome or Day 30. Fluconazole was
Mortality or IC administered for 61% of treated patients and
Bassiing ""dms;:T echinocandins or polyenes for 39%. The
covarates proportion of dead or IC patients was
n“::‘m significantly greater in the group of treated
patients than in the group of untreated
e patients (Table 1). Both at admission and

inclusion, treated patients had significantly
*  higher Candida and SOFA scores than

3
;
it

' \._.Y._/ untreated patients. The maximum Candida
past three days balaret te L ! score value for the ICU stay was significantly
x greater for treated patients (score of 4;
Follow-up tima (days) interquartile range, 3-5). In addition,
L | they presented more frequently with
Figure 1. Marginal strictursl Cax model. Survival was modeled via & welghted logistic regression  oPtc shock and multiple organ failure,
mode for repeated measures using roling windows {dashed box). For each subject day ending immunosuppression, extracorporeal
at time 1, the probabilty of sundval was modeled based on SAT on Day I, dinical and physiolgic  circulation, broad-spectrum antimicrobials

including fluoroguinolone administration,
and malnutrition (Table 1). These differences
were also observed the day of initiation of the
treatment (see Table E7 for additional data
on treated patient’s charaderistics).

variables on Day |-z, or in the past 3 days before |_;. Adjustment was made for baseiine
chamacteristics defined at study inclusion or intensive care unit admission §me (Lywon OF bnion):
Patient-days were weighted as descdbed in the text. Windows were then raled forward by 1 day
to genemte the next observation (laige amow). |C=invasive candidiasis: SAT = systemic anftifungal
Ireatment,

surgery, (5) immunosuppression, and

(6) terciles of sequential organ failure
assessment (SOFA) score. These groups
were defined before the statistical analysis,
There was no correction for multiple

SAT Administration

During their ICU stay, 100 patients (6.7%)
received SAT for a median time of 5 days
(interquartile range, 3-9) corresponding

SAT Administration Probability

Factors taken into account to predict SAT
were (se¢e online supplement) case-mix
variables (sex, age, chronic diseases,

testing.

Values of categorical variables are 1735 pationts with at least 5 daye of
reported as numbers (%) and values IMV = _ _
of continuous variables as medians g?mm "&maﬁé“@'m

(quartiles 1 and 3). The Fisher exact test
was used for categorical data and the
Wilcoxon test for continuous data
between treated and untreated groups.
A P value of less than 0.05 was
considered statistically significant. Data
management and analysis was done
with SAS 9.3 (SAS Institute Inc,, Cary,

4 pationts with proven and treated IC

1687 patients without prover [F1

146 patients with organ transplant or
nautropania

50 patients with SAT administration started

NC). SAS code provided by Robins and befora inclusion
coworkers (30) was adapted and used to - -
fit the MSM for this study. [ 1o "“’“’l"'""'"" |
Results ' |

With SAT Without SAT
Population N=100 (8.7%) N=1301 (93.2%)
Among 11,035 patients admitted in the [
five selected ICUs of the OutcomeRea
database, 1,491 pal:icms were included Died at 30 Alive at 30 Died at 30 Alive at 30
in the study (Figure 2). During the days* days days days
follow-up period, 385 patients (25.8%) N=30 N=70 N=342 N=1040
presented the outcome of interest: lé%ﬂ:g g‘::’: ‘fgi%’) [Béf:’]
22 (1.48%) had a proved IC and

363 (24.3%) died (see Tables E5 and E6
in the online supplement for additional
details on IC occurrence).

Figure 2. Fow chant of includad patients with outcome: death and proved |C during the 30 fallow-Up diys.
IC =imvasive candidiasis; A= invesive Lingd infedtion; IMV =imvasive mechanic ventilation; SAT = systemic
antifungal treatment. 30-cay status: ale or dod fpatents with invesive candidiasls before 30 days
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Table 1. Baseline Characteristics for the Included Patients with Details for Patients Who Received SAT during the Follow-up Period

SAT
Al (0 = 1,491) Untreated (0= 1,397) Treated (n = 100) P Value*
Variables at ICU admission
Age 65 (53-786) 65 (53-786) 63 (54-75) 0.65
Sex, male 950 (64) 898 (65) 52 0.01
Center =0.01
A 745 (50) 679 (49 66
B 486 (33) 465 (33 21 (21)
C.DE 260017 247 (1B) 13 (13)
ICU admission 004
Medicine 1,251 (84) 1,167 (84) 84
Elective surgery 85 {6} 84 (8) 1(1)
Ememency surgery 155 (10) 140 (10) 15 (15
Previous duration of hospital stay, d* B (5-8) B (5-8) 7 (B=11) <0.01
Immunosuppression® 121 (B} 107 14 (14) 0.08
Corticosteroid therapy =1 mo or =2 mg/kg 45 40 S (
Chemotherapy 57 z 49 8 Q
AIDS 17 (1 151 2
HIV not AIDS 7 {0) [ g 1 (1}
Other 210) 2 0@
SAPS Il 51 (40-63) 51 (40-63) 54 (39-62) <0.01
Septic shock or multiple organ failure 427 2 3E9 (28) 38 (38) 0.04
Chronic disense 963 (6 903 (65) 60 (60) 0.33
Extracorporeal circulation 170 13 :;5 44 o
Pancreatitis 18 (1 16 1 2 034
Gastric or duodenal ulcer 27 2 24 3 042
Malnutrition 5 61 (4 9 0.05
Cancer 238 (16) 218 (16) 18 (19) 0.40
Metastatic cancer 64 4) 60 (4) 44 088
Malignant hemopathy 25 (2} 23 (1) 22 0.68
Variables at s inclusion (first 5 d of invasive mechanical ventilation)
Candida score’ 2(1-3) 2(1-3 3(2-4) <0.01
Maximum Candida score during ICU stay 3(24) 3(2-4 4 (3-5 =0.0n
SOFA 5 (2-8) 4 (2-8) 6 (3-11) <0.0
Respiratory SOFA 0{0-2) 0(0-2) 0(0-3 <0.01
Coagulation SOFA 0(0-1) 0(0-1) 0(0-2 <0.01
Liver SOFA 0 (0-0) 0(0-0 0(3-3 <0.01
Cardiovasculnr SOFA 1 (0=3) 1 (0=3) 1 0.02
Central nervous system SOFA 1(0-2) 1(0-2) 1(0-2 054
Ranal SOFA 0(0-1) 0{0-1) 0(0-2) =0.01
SAT histary 29 2) 13 (1) 16 (16) <0.01
Broad-spectrum antibiotic therapy 488 (33) 438 (31) 61 (61 <0.01
Fluoroquinolone administration 367 (2 320 (23) 47 (47} <0.01
Corticosteroid therapy history 534 g§ 4B0 54 (54) <0.01
Presance of catheter! 1.218 1,120 (80 96 (98) <0.01
Total parenteral nutrition 566 (3 512 (37) 54 (54) <0.01
Multfocal colonization 2611 227 (16) 34 (34) <0.0
History of severs sepsis’ 945 866 (B2) 79 (79) <0.01
Interest varables
Total length of stay in ICU 14 (8-23) 13 (8-22) 25 (17-40) <0.01
Duration of SAT administration** 5 (3-9) -— 5 (3-9)
Type of SAT
Azoles 61 (4 — 61 (61
Candins or polyenes 39 }3‘ — 39 (SJ
Deceased or proved IC at 30 d 385 (26) 351 (25) 34534] 0.06
Proven invasive candidiasis 2 (1) 18 (1) 49 0.08

Dedfinition of abbreviations: IC = invasive candidiasis; ICU = intensive care unit; SAPS = ampified acute physidogy score; SAT = systemic antifungal
treatment; SOFA = sequential organ failure assessment.

Quantiative normormal variables are expressed as median (25-75th percentiie), and binary varables are expressed as n (%)

Inclusion is defined as the fifth day of invasive mechanical ventilation.

*Wilcecon test for quantitative variables and chi-sguare test for qualitative variables,

Previous duration of hospitalzation stay was greater than 30 days for 21 patients (1,4%), inchiding two treated.

Ymmunosuporession concemed patients with long-term or high-dosage carticosterod therapy, anticancer chemotherapy, AIDS, and non-ADS
immunodepression. Patients with aplasia and bone or argan fransplant recipients were excluded. A patient can have several causes of
ImmLnosuppression.
SCandida score: from 781 patients with a Candida score less than 3 at inclusion, 278 (36%) have reached a Candlda score greater than
3 (3 for 164 patients, 4 for 85 patients, 5 for 29 patients).

IPresence of catheter included central vein catheter, anterial catheter, and Swan-Ganz catheter,

1II-iein:)r)-m‘ severe sepsis from 546 patients that had no history of severe sepss d incdlusion, 107 had developed severs sepsis for the folow-up period.
““Duration of SAT administration: anly reatments administered before IC or death before Day 30 were taken into account.
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Immunosuppression at admission, surgery
at admission, SOFA score); therapy history
between ICU admission and inclusion
{antibiotic therapy, corticosteroid therapy);
and time-dependent confounders, such as
SOFA score, parenteral nutrition, broad-
spectrum antibiotic therapy, corticosteroid,
presence of hyperthermia, severe sepsis,
multifocal colonization, and decision of
limitation of life support (see Table E8 for
additional data on risk factors for SAT).

SAT Administration and 30-Day
Mortality or IC
Weighted population, which was defined by the
inverse of the probability to receive SAT, was
used in an MSM adjusted for baseline and
time-dependent factors. SAT administration
showed nonsignificant effect on mortality or IC
risks (hazard ratio [HR], 1.05; 95% confidence
interval [Cl], 0.56-1.96). Results of double
robust estimation, cause-specific models, and
conditional logistic regression confimed
our primary results (see ESM3 and Tables E1-
E4 for additional data on methods and results
for these models). The results of sensitivity
analysis did not show any significant
assodation in any subgroup (Table 2).
Twenty-five percentof the 1,391 untreated
patients and 34% of the 100 treated patients
experienced the outcome death or IC at Day 30

(Table 1), According to these data, the post hoc
power of the study was 65%.

Discussion

This is the first multicenter study based
on observational longitudinal data of a large
number of patients (n = 1,491) aiming to
determine a causal effect of SAT on
mortality or 1C acquisition in severely ill
ICU patients, provided all confounders were
taken into account. After adjustment for
baseline and time-dependent confounders
through the use of a Cox MSM, results
did not show that SAT administration
without proved IC had an effect on the
30-day mortality or IC occurrence in
nonneutropenic and nontransplanted ICU
patients (HR, 1.05; 95% CI, 0.56-1.96).
These results were robust in sensitivity
analysis by using a weight truncature.
However, subgroup analyses showed

a nonsignificant trend for an improved 1C-
free survival at Day 30 in nonneutropenic
and nontransplanted patients. In a post hoc
analysis, a nonsignificant improvement of
ICfree survival was also detected in the
subgroup with a SOFA score below 7 at the
fifth day of invasive mechanical ventilation
(HR, 0.44; 95% CI, 0.15-1.34).

Literature, including the guidelines
on the management of IC in ICU for
nomnmmunocompromised patients, contains
expert consensus for SAT administration
and early targeted treatment in proved IC
in critically il nonimmunocompromised
patients (31, 32). Moreover, the Surviving
Sepsis Guideline recommends an early
empirical SAT that should be reassessed
daily for potential deescalation (20). Indeed,
randomized controlled trials (RCTs) have
demonstrated that SAT is effective in case of
proved invasive fungal infection, but these
situations represent only 15-20% of the SAT
prescribed in 1CU (7, 21). In high-risk
digestive surgery patients managed in ICUs
with high annual incidence of candidemia
(ie, >1-2%), antifungal prophylaxis may be
effective. However, regarding the so-called
preemptive or empirical therapy, no clear
demonstration of efficacy has been published
so far (32). In a before-after design a study
using colonization index-based fluconazole
therapy showed a decreased rate of ICU-
acquired candidemia, but no survival
benefits (33). An RCT in critically ill patients
with unresolved sepsis and risk factors
for candidemia failed to demonstrate an
impact of fluconazole on IC or mortality.

Using a large cohort of high-risk 1CU
patients, our study showed results that are

Table 2. Effect of SAT on 30-Day Mortality or Invasive Candidiasis on Different Subgroups (Sensitivity Analyses)

Total (1=1,497) SAT [n=100) Death (n=363)

Type of admission
Medicine 1,251 (84) 84 (84) 314 (86)
Surgery 240 (16) 16 (16) 49 (13)

Immunosuppression
Mo 1,370 (92) 86 | 326 (90)
Yes 121 (8) 14 (14) 37 (10)

Abdominal surgery or pancreatitis
No 1,413 (95) 91 (91) 352 (97)
Yes 78 (5) 99 11 (3)

SOFA at indlusion®
0-6 994 (67) 55 (55) 177 (49)
7-23 497 (33) 45 (45) 186 (51)

Candida score at inclusion®
0-2 781 | a8 {g 198 (55|
35 710 ( B2 | 165 (45

Muttifocal Candida colonization at

inclusion®
1,230 (83) 66 (66) 281 (77
Yes 261 (17) 34 (34) 82 (23)

SAT Effect
IC(n=22) HR(@5%Cl) P Value
16 (73)  0.80 (0.44-1.83) 076
6{27) 286 (0.72-11.38 014
20(91) 120 (0.59-2.45) 0.61
2 (9) 051 (0.18-1.47) 021
18(82)  1.05 (0.57-1.95) 0.88
4(18) 392 (0.3-52.14) 03
11(50)  0.44 (0.15-1.34) 0.15
11(50)  1.49 (0.69-3.25) 0.31
5 (23 1.48 (0.67-3 0.33
17(77) 078 (0.28-2.18 0.87
17 (77)  1.08 (0.32-361) 09
5(23) 124 (0.60-2.55) 056

Definition of abbreviations: Cl = confidence interval; HR = hazard ratio; 1C = invasive candidiasis; SAT = systemic antifungal treatment; SOFA = sequential

organ falure assessment.

Data are given as n (%) urless otherwise indicated.
*Inclusion is defined as the fifth day of invasive mechanical ventilation.
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consistent with those previously published,
thus confirming the absence of SAT effect
on 1C-free survival mortality at Day 30.

In a 1-day prevalence study, the
intensivists declared 17% of nosocomial
infections to be caused by Candida spp.
However, only 99 of 14,414 patients
developed proved candidemia (5).
Furthermore, in medical ICU patients, 39%
developed a colonization index of more
than 0.5, whereas in the same period no
IC was diagnosed (34).

The lack of impact of SAT in patients
with the highest SOFA score may reflect
other undiagnosed pathologies that have
been missed or a late initiation of the SAT
that is therefore ineffective. Also, it may
be caused by the absence of actual 1C
Indeed, Candida colonization or clinical
scores (12, 28, 35) developed in ICU
patients are associated with very good
negative predictive value but very poor
positive predictive value (7).

In our study, SAT without proved 1C
represented 705 patient-days of antifungal
therapy and more than 60% of these
treatments involved nonneutropenic
nontransplanted patients studied. New data
from the United States and Europe clearly
demonstrated that overuse of antifungal
drugs contributes to the emergence of
Candida spp. that are less susceptible to
antifungal agents, as well as to increased
minimum inhibitory concentration (MICs)
of normally susceptible Candida spp.

(36). Recently, Lortholary and coworkers
(37) reported that azoles and candins
preexposure increased the risk of
fungemia caused by species with higher
MICs to the corresponding antifungal
agents. We also described a significant
correlation between SAT consumption and
MICs of colonizing and infecting Candida

spp. in ICU patients (22). Moreover,

in vitro resistant mutants of Candida spp.
were recently associated with clinical
treatment failures (38, 39),

This study used an innovative approach
for the analysis of observational longitudinal
surveys: a Cox MSM using IPTW estimator
(40). Provided that all confounders are
measured, this method is an alternate to
approach causal inference in observational
longitudinal studies where RCT
methodology is not applicable. SAT
administration is an adequate application
for these models, because SAT is often
empirically prescribed Our study opens
new opportunities to explore longitudinal
databases in ICU to analyze outcomes
depending on baseline and time-varying
confounders and for which classical
methods could present biases. Strong
assumptions made for this model
(positivity, no unmeasured confounder,
and consistency) must be verified as
recommended in the literature, as it was
done here (41).

Some possible weaknesses of our results
should be acknowledged. First, this study
may have missed important predictors of
SAT not recorded in the database. Although
the estimation took into account all known
predictors of SAT, other nonmeasured
predictors of SAT may not have been
considered. Moreover, despite the large
number of patients studied, the estimated
post hoc power should prompt to nuance
the results, especially in specific subgroups.
Further RCTs are needed to confirm our
results, appropriately treat patients, and
avoid antifungal misuse. Second, SAT
was not homogenous because patients
could have received either fluconazole,
echinocandins, or polyenes. Echinocandins,
currently recommended as initial SAT in

proved [T in unstable patients (24, 32), may
have impacted more convincingly the
disease-free survival. The effect of
echinocandins therapy s currently
evaluated through the EMPIRICUS trial,
conducted in mechanically ventilated
patients with a SOFA score greater than

3 with sepsis and multiple Candida spp.
colomization (42).

Third, new biomarkers, such as 1,3-B-d
gluan (BD-glucan), may have been used to
better select population that should benefit
from SAT. A recent study (16) suggested
that repeated measurements of BD glucan
greater than 80 pg/ml could predict I1C
occurrence in surgical ICU patients.
However, BD-glucan is not specific of
candidiasis, is above the threshold of
80 pg/ml in many ICU patients without
IC, and decreases slowly under effective
treatment (43-45). The potential benefit
of BD-glucan in rationalizing SAT is still
missing or not convincing (18).

In conclusion, this study fails to show
that systematic early antifungal treatment
based on risk factors of 1C influence the
30-day survival without proved IC in
nonneutropenic, nontransplanted patients.
A sufficiently powered RCT is needed to
remove the doubts induced by a negative
result in observational data analysis. To
improve the efficacy of targeted antifungal
therapy, maximal efforts should be done to
increase the accuracy and precocity of IC
diagnosis, including the identification of
carly biomarkers. B
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ESM1: Definition for proven invasive candidiasis

Proven invasive candidiasis include 1) candidemia defined as presence of Candida in one or
more blood cultures; 2) intra-abdominal candidiasis defined on the basis of positive culture
for Candida in the peritoneal fluid collected during operation; 3) Other candidiasis defined in
this study by pleural candidiasis and candidiasis on surgery site or biopsy site, including
histopathologic or cytopathologic examination of a needle aspiration or biopsy specimen from
a normally sterile site, excluding mucous membranes showing yeast cells or recovery of a
yeast by culture from a sample obtained by a sterile procedure (including a freshly [<24 h]

placed drain) from a normally sterile site. (1, 2)
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ESM2 : Details on methodology and results for MSM

Introduction

A short introduction to the causal inference in observational data

As opposed to randomized clinical trials, in observational data studies, the exposure is not
controlled by the investigator, and the characteristics (observed and unobserved confounders)

of the patients in each study group are unbalanced at inclusion.

A key challenge for statistical analysis is that mortality difference between these groups
cannot be totally attributed to empiric SAT administration, and causal inference seems

impossible.

However if the difference between the two groups can be explained only by the characteristics
measured at the time of inclusion, then it is possible to adjust for these baseline variables to

balance the two groups (i.e. propensity-score based method).

This is not sufficient when the evolution of the general health status or care in the time
contribute to the decision to treat. The decision to empirically treat a patient with SAT is time-
dependent: one patient could be free from SAT the first day in ICU but treated later on,

according to his clinical evolution.

Depending on the hypothetical model (Figure E1), the administration of SAT was assumed to
be related to the patient’s prior exposure to SAT and baseline covariates at inclusion such as
risk factors of IC, severity score, age, or gender. These baseline covariates and SAT history
were assumed to have an impact on other covariates which were time-dependent confounders

for SAT probability and for the outcome.

Marginal structural modeling approaches are enable to assess what the effect of SAT on the

primary composite endpoint (30-day death or IC) would have been, if all patients would have
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remained SAT untreated or, alternatively, would have received SAT on a specific day by
creating a pseudo-population. Cole et al have been defined a pseudo-population as the result
of assigning to each patient a weight that is, informally, proportional to the participant’s

probability of receiving her own exposure history (SAT history in our case). (3)

Therefore it becomes possible to regress the primary composite outcome (30-day death or IC)
on the empiric SAT exposition using a conventional regression model provided all
confounders are taken into account. The parameters of such weighted model can be used to

assess the average causal effect of exposure in the original study population. (3)

In this study we use a marginal structural model to assess the average causal effect of SAT on
30-day death or IC. To evaluate the robustness of the model, we have been developed three
other methods: a double robust estimation of treatment effects, a cause-specific model and a

matched-cohort design which were all developed in ESM3.

Methodology

Marginal structural model

MSM needed two steps: firstly, estimate individuals stabilized IPTWs. Weights are the
inverse of the probability, for an individual, at a defined day, to receive his own antifungal
treatment given baseline and time-dependant covariates. A pooled logistic regression model is
used to estimate the antifungal treatment probability conditional on i) selected baseline
covariates: age, sex, admission category (medical or surgery), immunosuppression
(neutropenia, long-term, or high-dosage corticosteroid therapy, anticancer chemotherapy,
AIDS), Day5 SOFA score, history of broad spectrum antibiotic therapy, corticosteroid
therapy and antifungal treatment before Day5 and pre-existing chronic diseases; and ii) time-
dependent covariates, as follows: a) variables measured two days before SAT administration:

multifocal Candida colonization, parenteral nutrition, history of severe sepsis, therapeutic
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limitation; b) variables measured in the last two days before SAT administration:
hyperthermia, broad spectrum antibiotic therapy, corticosteroid therapy, presence of catheter
or drain or Redon drain, and sedation; and ¢) the maximum SOFA score between Day-3 to

Day-1.

Stabilized IPTWs have been shown to produce narrower confidence interval with better
coverage rates than unstabilized weights.(4, 5) Secondly, these weights were introduced in a
Cox proportional hazard model to estimate the effect of the antifungal treatment on the
outcome. To check for positivity assumption, weights were truncated at the 1st and 99th
percentiles as proposed by Cole et al. (3) To integrate the impact of the length of therapy on
outcome, we included a binary variable that takes the 1 value after five days of SAT. The

center was introduced as a fixed effect in the final model.

Patients discharged alive from the hospital before day 30 were considered free from TAF. A
random sample of the patients discharged alive from ICU and referred to another hospital
ward was selected to estimate the daily probability to receive SAT after ICU discharge. This
probability of receiving SAT was affected to this patient’s category and data were imputed

from last day of ICU stay to the end of the follow-up period.

Checking the assumption of positivity

As highlighted by Cole and Hernan (3) and Petersen (6), the assumption of positivity should
be checked in causal inference because treatment levels must vary within confounder strata.
The examination of the distribution of the estimated weight was used for checking the
positivity assumption and weight truncation was used to ensure that high weights have no

impact on the final estimation.

Results

Positivity assumption
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The examination of the distribution of the estimated weight shows that extremely high
weights were not observed following the day of exposure and the mean of the stabilized
weight is centered at 1 (figure E2). Table E1 shows the results of weight truncation, a
truncation of the extreme weights (1 and 99 percentiles) concerns 187 individuals, which is

1% of all the computed weights.

Sensitivity analysis for the estimation of treatment effect

Results of the three models (ESM3) show a lack of SAT effect on mortality or invasive
candidiasis: relative risk associated to the treatment effect was 0.94 [0.61;1.46] using a double
robust estimator, the cause-specific hazard ratio was 0.88 [0.51;1.25] using a cause-specific

model and hazard ratio was 1.39 [0.71 ; 2.71] using a conditional logistic regression.

Conclusion

The examination of the distribution of the estimated weights are in favor of a validation of the
assumption of positivity and allow reporting a result with the weight truncated at the 1* and
99™ percentiles according to the methodology proposed elsewhere. (3)

The three additional models are not completely comparable to the MSM because the DR
estimation and the conditional logistic regression do not take into account the time-dependent
covariates and because the cause-specific model cannot estimate a causal effect but only an
association between exposure and outcome. The DR uses a propensity-based analysis which
ensures a good matching of the two groups at baseline and reduces the risk of model
misspecification. The matched-cohort is a simple and widely used method which allows
computing odds ratio for SAT effect for exposed. The conditional logistic regression allows a
post-hoc power computation. The cause-specific model uses a competing risk to compute a

cause-specific hazard ratio. This is not the case of the assumption used in the MSM where
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individuals are not considered as censored. The results of these models are close to those
obtained with the MSM; this confirms the trend toward a failure of SAT in improving the

prognosis of severe patients in ICU. The post-hoc power is equal to 65%.
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ESM3: Methodology for sensitivity analysis for the estimation of the treatment effect
Double robust estimation of the treatment effect

This approach was developed by Funk and al. (7); it is an alternative to the standard
propensity score (PS) approach of estimating the causal treatment effect that takes into
account either the PS-based model misspecification or the outcome model misspecification.
The DR estimation remains consistent even when an important confounder is omitted from
one of the two models; however, in this case, the PS-based method can lead to a biased
inference. (8) The weighting used for DR estimation creates two pseudo-populations of
subjects that represent the expected treatment effect in the entire population when all the
individuals are treated or all the individuals are untreated. (7) The DR has a marginal
interpretation that corresponds to the average treatment effect. The baseline variables included
in this model were: age, sex, history of antibiotic therapy, history of corticosteroid therapy,
admission for surgery, SOFA score at inclusion, presence of chronic diseases,
immunosuppression, multifocal colonization, use parenteral nutrition, severe sepsis, decision
of limitation of life-support, hyperthermia.

Cause specific model

The cause-specific model is a common alternative to survival analysis for handling competing
risks. This model allows a quantification of the cause-specific relative hazard, which is the
association between the exposure and the outcome when the individuals with the competing
event are censored. (9) One advantage of this model is to allow for time-dependent
confounders in addition to the baseline confounders. The baseline covariates included were:
age, sex, history of antibiotic therapy, history of corticosteroid therapy, admission for surgery,
SOFA score at inclusion, and the presence of chronic diseases. The time-dependent covariates
were: history of antibiotic therapy, history of corticosteroid therapy, immunosuppression,
multifocal colonization, use of parenteral nutrition, severe sepsis, decision of limitation of

life-support, hyperthermia, SOFA scores (into 6 components cardiac, hematologic, hepatic,
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neurologic, renal, and respiratory). The competing event was "discharged alive before 30
days" and the outcome was "death or invasive candidiasis at 30 days".

Matched-cohort design

A conditional regression analysis for 1:10 matching in a nested exposed-unexposed study was
performed to assess the effect of SAT on 30-day mortality. The final odds ratio assesses the
additional risk related to SAT adjusted on confounders at Day-3 (Figure 3). (10) The exposed
patients were matched with unexposed patients on the basis of the following criteria: sex, age,
SOFA score at 5™ IMV day, chronic disease, type of admission in ICU. To estimate odds
ratio, the SAT effect was adjusted on severity score and confounders three day before the
treatment day (SOFA score, broad spectrum antibiotic therapy, corticosteroid therapy,
parenteral nutrition, severe sepsis, multiple colonization, hyperthermia, therapeutic

limitation).

Results

Double robust estimator

The results for the two regression models for treatment probability are shown Table E2. The
difference in risk between the two pseudo-populations is equal to -0.013 (95% CI: [-
0.10;0.08]) and is not significantly different from zero. The relative risk associated with the
treatment effect is equal to 0.94 [0.61;1.46] and indicates an absence of SAT effect on
mortality or invasive candidiasis (p value = 0.79).

Cause-Specific model

The results for the cause-specific model are shown table E3. The cause-specific relative
hazard regarding the outcome was 0.88 [0.51;1.25] and was not significantly different from 1
(p value = 0.49).

Matched-cohort design
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The results for the conditional logistic regression (matched-cohort) are shown table E4. The
hazard ratio of SAT on mortality or invasive candidiasis was 1.39 [0.71 ; 2.71] and was not
significantly different from 1. The HR obtained here is in the same direction as the main

result, and indicates an absence of SAT effect.
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Table E1: Effect of Systemic Antifungal Treatment on outcome under progressive truncation

of inverse probability weights.

Truncation Estimated weight Systemic Antifungal Treatment effect

percentiles Mean (SD) Minirpum/ . P
Maximum Estimate SE HR [CI95%] value
0, 100 1(0.148) 0.12/6.44 0.1942 0.36 1.21[0.59;2.48] 0.59
1,99 1(0.079) 0.39/1.49 0.0501 0.32 1.05[0.56;1.96] 0.87
5,95 1(0.027) 0.9/1.09 0.0316 0.28 1.03[0.6;1.78] 0.91
10, 90 1(0.016) 0.95/1.04 0.0221 0.28 1.02[0.6;1.76] 0.94
25,75 1(0.007) 0.98/1 0.0202 0.27 1.02[0.6;1.75] 0.94
50, 50 1(0) 11 0.0208 027 1.02[0.6;1.75] 0.94

SD: Standard Deviation — SE: Standard Error
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Table E2 : Results of the logistic regression models for DR estimation

SAT* No SAT'

Parameter Estimate (SE) Pvalue  Estimate (SE) Pvalue
Intercept -3.46 (0.33) <.01 -3.34(1.2) <01
Age (>65 years) 0.61(0.18) <.01 -0.18 (0.52)  0.73
Sex (male) -0.03 (0.18)  0.86 -0.71 (0.57)  0.21
Antibiotic therapy history -0.3(0.18)  0.10 1.23(0.58) 0.03
Corticosteroids therapy history 0.16 (0.18)  0.39 0.34(0.54) 0.53
Surgery admission -0.49 (0.25)  0.05 0.4(0.73) 0.59
SOFA score at inclusion (per

point) 0.23(0.02) <.01 0.08 (0.06)  0.13
Chronic underlying diseases 0.09 (0.19)  0.64 0.45(0.65) 0.49
Immunosuppression 0.35(0.33) 0.28 1.69 (0.87)  0.05
Multifocal colonization 0.34(0.24) 0.15 0.34 (0.62) 0.58
Parenteral nutrition 0.11(0.17)  0.52 -0.7(0.57) 0.22
Severe sepsis -0.5(0.18)  <.01 0.37(0.62) 0.55
Decision of limitation of life

support 2.33(0.18) <.01 1.56 (0.59) 0.01
Temperature >38°C -0.23 (0.17)  0.18 0.27 (0.61)  0.66

*Model of the predicted response among the exposed; "Model of the predicted response

among the unexposed. SAT : Systemic Antifungal Treatment; SE; Standard Error
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Table E3: Results of the cause-specific model

Death or Invasive candidiasis* Discharge*
95% CI 95% CI
Parameter CSHR  Lower Upper Pvalue CSHR  Lower Upper Pvalue
Baseline confounders
Age 1.70 1.45 1.93 <.01 0.77 0.65 0.89 <01
Sex (male) 0.99 0.77 1.21 0.94 0.86 0.73 0.98 0.02
Antibiotic therapy history 0.94 0.69 1.19 0.63 0.93 0.78 1.08 0.36
Corticosteroids therapy history 1.18 0.91 1.45 0.23 1.08 0.92 1.24 0.32
Surgery admission 0.83 0.53 1.13 0.21 1.08 0.91 1.24 0.38
SOFA score (per point) 1.08 1.05 1.11 <.01 0.96 0.94 0.98 <.01
Chronic underlying disease 0.98 0.76 1.21 0.89 1.18 1.04 1.31 0.02
Immunosuppression 0.96 0.59 1.33 0.84 1.10 0.85 1.35 0.45
Time-dependent confounders

Broad spectrum antibiotic therapy 1.17 0.92 1.42 0.21 0.89 0.73 1.04 0.13
Corticosteroid therapy 1.05 0.77 1.32 0.73 0.81 0.65 0.98 0.02
Temperature >38°C 0.73 0.52 0.94 <.01 0.83 0.71 0.96 <01
Decision of limitation of life support 4.71 448 4.93 <.01 0.74 0.50 0.99 0.02
Multifocal colonization 1.01 0.78 1.24 0.91 0.80 0.66 094 <01
Parenteral nutrition 0.94 0.72 1.15 0.56 0.94 0.82 1.07 0.37
Severe sepsis 0.53 0.29 0.76 <.01 0.86 0.72 1.00 0.03
Cardiological SOFA score 1.17 1.08 1.27 <.01 0.74 0.67 0.81 <01
Hematology SOFA score 0.85 0.69 1.01 0.05 1.28 1.19 1.38 <01
Liver SOFA score 0.98 0.83 1.13 0.78 1.08 0.98 1.17 0.12
Neurological SOFA score 1.18 1.09 1.27 <.01 0.78 0.73 0.84 <01
Renal SOFA score 1.07 0.97 1.17 0.16 0.93 0.86 0.99 0.02
Respiratory SOFA score 1.08 0.99 1.17 0.10 1.04 0.99 1.09 0.14
SAT effect 0.88 0.51 1.25 0.49 0.92 0.67 1.17 0.52

*Competitive risks considered : Discharge alive; CSHR: Cause-Specific Hazard Ratio; CI:

Confidence interval
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Table E4: Results of the matched-cohort based model

Odds 95% Confidence

Ratio interval

Lower Upper P value

SAT effect 1.39 0.712 2.708 0.33
Day-3 variables:

SOFA score 1.40 1.06 1.83 0.02

Broad spectrum antibiotic therapy 1.42 0.80 2.51 0.23

Corticosteroid therapy 0.67 0.41 1.01 0.09

Parenteral nutrition 0.88 0.56 1.38 0.57

Severe sepsis 1.72 0.99 2.98 0.05

Multifocal colonization 0.70 0.43 1.14 0.15

Temperature >38°C 1.32 0.82 2.11 0.25

Decision of limitation of life support 0.52 0.28 0.95 0.03
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Table ES: Details of invasive candidiasis (occurring before inclusion (n=41) or after inclusion (n=22)) in

the population studied

Blood Pleural Peritoneal Surgery site
culture liquid liquid and biopsy
After inclusion IC (N=22)
C. albicans 8 1 2 4
C. glabrata - 1 - -
C. parapsilosis - - 1 2"
C. tropicalis 1 - - 1
C. krusei 1 - -
Candida spp 1 - - 1
TOTAL 11 2 3 8
Before inclusion ICT (N= 41)
C. albicans 9 28 4' 1"
C. glabrata 4t 1° 1 1
C. parapsilosis 2 1
C. tropicalis 2t 1
C. krusei 2!
C. kefyr 1 1
Candida spp 1 1
TOTAL 19 2 7 13

"One patient had two identified Candida species (C. albicans and C. parapsilosis) on a biopsy.

" IC occurred before inclusion or was treated at inclusion day.

Patient with two identified species on a sample of * blood culture (C. albicans and C. tropicalis) * Pleural liquid
(C. albicans and C. glabrata),' Peritoneal liquid (C. albicans and C. tropicalis | C. parapsilosis and C. krusei)
and "~ on biopsy (C. albicans and C. kefyr).
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Table E6 : empirical SAT for the 22 proven invasive Candida infections

SAT administration

Within the first
Before IC 4Sh*

Total No SAT SAT FLU AMB ECH AMB ECH
C. albicans 14 6 8 1 2 1 3
C. glabrata 1 - 1 - - - 1
C. parapsilosis 3 3 - - - - -
C. tropicalis 2 1 - - - 1
C. krusei 1 - 1 - - - 1
Candida spp. 2 1 1 - - - 1

SAT : systemic antifungal treatment — FLU: Fluconazole — AMB: amphotericin B — ECH:

Echinocandins - * SAT was introduced within the first 48 hours after the diagnostic sample

was drawn
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Table E7: SAT treated patient’s characteristics the day they received SAT (N=100).

N(%) or
Median (IQR)
Length of ICU stay from admission 21 (12 -34)
SOFA 7(4-9)
Candida score 4(3-5)
Multisite colonization 70 (70)
Parenteral nutrition 64 (64)
History of severe sepsis 83 (83)
Catheter within the last three days 92 (92)
Antibiotic therapy within the last three 55 (5%)
days
Corticosteroids within the last three days 45 (45)
Hyperthermia within the last three days 45 (45)
Hypothermia within the last three days 45 (45)
Sedation within the last three days 79 (79)

SAT: Systemic Antifungal Treatment ; IQR : Inter Quartile Range
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Table E8: Risk factors for SAT.

OR [95% CI] P value
Time of exposure 1.09[1.06; 1.12] <.01
Baseline confounders
Center A ref <.01
Center B 3.46 [2.74 ; 4.35]
Center C,D,E 1.87[1.38 ;2.55]
Age (>65 years) 0.79 [0.67 ; 0.94] <.01
Sex (male) 0.48 [0.40 ; 0.56] <.01
Antibiotic therapy history 1.97 [1.62;2.39] <.01
Corticosteroids therapy history 1.24[1.02 ; 1.50] 0.03
Surgery admission 1.37[1.08 ; 1.74] 0.01
SOFA score at inclusion (per point) 0.98 [0.96 ; 1.00] 0.02
Chronic underlying diseases 0.66 [0.55; 0.80] <.01
Immunosuppression 0.78 [0.59 ; 1.04] 0.09
Time-dependent confounders — max from Day minus1 to Day minus3
Liver SOFA score (per point) 1.11[0.99 ; 1.26] 0.08
Hematology SOFA score (per point) 1.07 [0.94 ; 1.22] 0.33
Cardiological SOFA score (per point) 1.10[1.02; 1.19] 0.02
Renal SOFA score (per point) 1.19[1.10; 1.29] <.01
Respiratory SOFA score (per point) 1.00 [0.93 ; 1.08] 0.96
Neurological SOFA score (per point) 0.85[0.78 ; 0.93] <.01
Time-dependent confounders at D minus 2
Severe sepsis 0.89[0.70; 1.13] 0.34
Parenteral nutrition 2.05[1.65;2.55] <.01
Multifocal colonization 3.78 [3.13 ; 4.56] <.01
Decision of limitation of life support 1.74 [1.37;2.21] <.01
Time-dependent confounders In the past 3 days from D minus 2
Broad spectrum antibiotic therapy 1.62 [1.35; 1.94] <.01
Temperature >38°C 1.51[1.27;1.81] <.01
Corticosteroid therapy 1.43[1.19; 1.73] <.01

" Patients with SAT history received SAT at least more than two day before inclusion, but not during the two

previous days before inclusion.

SAT: Systemic Antifungal Treatment ; OR: Odds Ratio; CI: Confidence Interval
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Figure E1: Directed acyclic graph of the SAT administration illustrating the links between baseline and time-
dependent confounding and interest outcome. Solid line corresponds to the interest causal effect between SAT
administration and outcome. Dashed arrows indicate the effects of the baseline and time-dependent confounders.
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Figure E2: Distribution of stabilized weight following the day of exposure.
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Figure E3: A chart illustrating the matching process for the matched-cohort design. SAT:
systemic antifungal treatment; Day SAT: day of SAT administration in the exposed patient;
Day 0: corresponding day of day SAT in the unexposed patient; ICU intensive care unit;
IMV: invasive mechanic ventilation; Matching criteria: sex, age, SOFA score at 50 MV day,
chronic disease, type of admission in ICU.

Systemic antifungal

ICU 5th IMV traatmant
admission Days
/ | | | Exposed patient:s
/7 | | | |
Day 0 Day Day
SAT -3 SAT
Matching
< I Length of ICU I >
Matched unexposed patients
| / /[ | | | X
| /7 | | |
5th IMV Day -3 Day 0
A
Days e N

Determination of
severity score
and confounders

165



ESM References

1. Leon C, Ostrosky-Zeichner L, Schuster M. What's new in the clinical and diagnostic
management of invasive candidiasis in critically ill patients. Intensive care medicine 2014.

2. Tissot F, Lamoth F, Hauser PM, Orasch C, Fluckiger U, Siegemund M, Zimmerli S,
Calandra T, Bille J, Eggimann P, Marchetti O. beta-glucan antigenemia anticipates diagnosis
of blood culture-negative intraabdominal candidiasis. American journal of respiratory and
critical care medicine 2013; 188: 1100-1109.

3. Cole SR, Hernan MA. Constructing inverse probability weights for marginal structural
models. Am J Epidemiol 2008; 168: 656-664.

4. Robins JM, Hernan MA, Brumback B. Marginal structural models and causal inference in
epidemiology. Epidemiology 2000; 11: 550-560.

5. Hernan MA, Brumback B, Robins JM. Marginal structural models to estimate the causal
effect of zidovudine on the survival of HIV-positive men. Epidemiology 2000; 11: 561-570.
6. Petersen ML, Porter KE, Gruber S, Wang Y, van der Laan MJ. Diagnosing and responding
to violations in the positivity assumption. Stat Methods Med Res 2012; 21: 31-54.

7. Funk MJ, Westreich D, Wiesen C, Sturmer T, Brookhart MA, Davidian M. Doubly Robust
Estimation of Causal Effects. American Journal of Epidemiology 2011; 173: 761-767.

8. Lunceford JK, Davidian M. Stratification and weighting via the propensity score in
estimation of causal treatment effects: a comparative study. Stat Med 2004; 23: 2937-2960.
9. Lau B, Cole SR, Gange SJ. Competing risk regression models for epidemiologic data.
American journal of epidemiology 2009; 170: 244-256.

10. Nguile-Makao M, Zahar JR, Francais A, Tabah A, Garrouste-Orgeas M, Allaouchiche B,
Goldgran-Toledano D, Azoulay E, Adrie C, Jamali S, Clec'h C, Souweine B, Timsit JF.
Attributable mortality of ventilator-associated pneumonia: respective impact of main
characteristics at ICU admission and VAP onset using conditional logistic regression and
multi-state models. Intensive Care Med 2010; 36: 781-789.

166



Conclusion

167



I.  Apport de la thése sur la prise en charge des candidoses invasives
La prise en charge des candidoses invasives est une problématique d’actualité dans le systeme
de soin et plus particulierement en unité¢ de soins intensifs. Ces infections sont responsables
d’une aggravation du pronostic du patient, d’un prolongement du séjour d’hospitalisation et

d’une augmentation conséquente des cofits de prise en charge des patients.

Les stratégies de traitement probabiliste mises en place pour diminuer I’impact des candidoses
invasives entrainent une augmentation des cofts et induisent une pression de sélection des
especes Candida conduisant a la survenue d’échecs thérapeutiques liés a 1I’émergence de

résistances et n’ont pas montré de bénéfice particulier sur le pronostic du patient.

Dans la premicre partie de la thése, nous avons approfondi 1’étude de 1I’impact des traitements
antifongiques sur la distribution et la sensibilité¢ des espéces Candida en USI, sur dix ans.
Grace a I’application des modeles ARIMA sur les séries temporelles, cette étude a permis de
confirmer que 1’utilisation croissante des échinocandines tendait & modifier la distribution des
especes et leur sensibilité. Les résultats observés soulignent I’importance d’optimiser la
prescription des traitements antifongiques pour éviter d’accroitre la pression de sélection en

USL

Dans la deuxiéme partie, nous avons montré que, quel que soit le type de flacon
d’hémoculture utilisé, le traitement antifongique diminue le taux de positivité et augmente le
temps de positivité. Ainsi, la mise en place d’un traitement précoce peut allonger la durée
d’identification de I’espéce fongique, nécessaire a la détermination du traitement adéquat,
mais peut également entrainer un sous-diagnostic de candidémie en cas d’absence de
positivité¢ du flacon. La combinaison de deux types de flacons d’hémoculture, avec et sans
résines, apporte une réelle plus value dans la détection des especes Candida, et devrait étre

privilégiée pour le suivi des patients ayant une candidose invasive.
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La désescalade qui est une stratégie possible pour limiter la surconsommation de traitement
antifongique n’avait pas fait 1’objet d’étude comparative. En utilisant une méthode
d’inférence causale adaptée, nous avons pu mettre en évidence que la mise en place d’une
désescalade du traitement dans les cinq jours n’aggrave pas le pronostic du patient. Cela
consolide le fait qu'une désescalade précoce peut étre une alternative fiable, dans le cas ou
I’infection n’est pas documentée et que le patient est stabilisé. Des investigations plus
poussées devront €tre faites pour des patients a haut risque de candidose invasive, notamment
les patients chirurgicaux, pour confirmer la désescalade précoce dans la prise en charge des

patients candidémiques en réanimation et modifier les recommandations dans ce sens.

Enfin, nous avons montré que 1’administration d’un traitement antifongique empirique
n’améliore pas le pronostic des patients. Cela confirme les différentes études réalisées, qui ne
mettaient pas en évidence d’effet protecteur du traitement précoce et la nécessité de mieux

cibler les patients pour lesquels une stratégie probabiliste sera la plus efficace.

II. Apport des méthodes statistiques sur I’exploration des données

observationnelles

Les séries chronologiques

Les modeles ARIMA, et de maniere plus générale les modeles sur séries chronologiques
présentent I’intérét d’exploiter les informations contenues dans les données pour pouvoir
prédire leur propre évolution. Ces modeles ont montré leur intérét dans la comparaison de
deux séries temporelles pour 1’étude de la pression de sélection exercée par les traitements
antifongiques en USI. Ce qui aurait €té possible, et que nous n’avons pas pu réaliser dans le
cadre de cette these, est de comparer simultanément 1’effet de plusieurs séries temporelles,
comme les consommations en antibiotique ou les populations bactériennes. Enfin, une des
applications envisageable de ces méthodes est le suivi continu, sous forme de tableau de bord,

de la consommation d’antifongiques et des CMI, pour prédire 1’évolution de la sensibilité des
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différents germes et ainsi adapter au fur et a mesure les pratiques. Ce type d’analyse demande
davantage de moyens pour €tre mise en ceuvre en routine, mais illustre la puissance de ces

outils.

Les méthodes d’inférence causale

Les méthodes d’inférence causale comme les modeles structurels marginaux avec un
estimateur IPTW permettent d’exploiter des données observationnelles longitudinales pour
estimer I’effet causal moyen. L’estimation obtenue est proche de celle d’un essai clinique
randomisé, ce qui fait de ces méthodes une alternative de choix aux essais cliniques
randomisés, lorsque ceux-ci ne sont pas possibles a mettre en place. Dans le cas d’une
pathologie rare, telle que les candidoses invasives, les MSM permettent de tirer profit de
grandes bases de données dans lesquelles le nombre d’événements est plus important, et qui

sont plus représentatives de la réalité que ne 1’est un essai clinique randomisé.

Ces méthodes n’ont pas vocation a remplacer les études expérimentales, qui resteront, malgré
leurs limites, la meilleure stratégie pour déterminer un lien de causalité. Mais avec
I’augmentation des données recueillies dans les différents CHU, les études pseudo-
randomisées devraient se développer par la suite. Pour cela, la vulgarisation de ces méthodes
a été réalisée pour assurer leur appropriation par les cliniciens. En effet, la mise en place de
méthodes d’inférence causale nécessite une interaction forte entre le médecin qui maitrise la
connaissance clinique, et le statisticien qui doit s’assurer du bon respect des hypothéses sous-
jacentes a ses modeles tout en étant en mesure de répondre a la question posée avec le biais le
plus faible possible. Ces travaux ont été I’occasion de bien comprendre le fonctionnement des
MSM, leur intérét et leurs limites, permettant d’envisager de nouvelles applications dans le

champ des USI.
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III.  Perspectives sur les candidoses invasives

L’identification des patients a risque de candidose invasive

Nous avons souligné dans les différentes parties de cette these la nécessité d’identifier plus
précisément les patients a risque de développer une candidose invasive. Actuellement, les
principaux scores cliniques existants sont essentiellement basés sur la colonisation multisite a
Candida. [63, 64] L utilisation de méthode de clustérisation sur la base AmarCand2 pourrait
permettre d’établir les profils cliniques des patients recevant un traitement antifongique
précoce, que ce soit pour une candidose documentée ou une candidose suspectée. Et parmi ces
derniers, il sera intéressant d’explorer ce qui différencie les patients développant une

candidose secondairement documentée des autres.

L’identification des effets liés aux USI

Il n’y a pas d’études qui se soit intéressée plus spécifiquement a la part des caractéristiques
des USI dans la survenue des candidoses invasives. Une approche utilisant des mod¢les de
fragilité, toujours en exploitant les données de la base AmarCand2, pourra contribuer a

préciser les facteurs de risque de candidoses invasives.

L’optimisation du diagnostic

L’apport des méthodes statistiques sur données longitudinales peut permettre d’exploiter
d’une autre facon les résultats des données biologiques. En effet, il a ét¢ montré que le 1-3- -
D-glucane est un marqueur non spécifique des candidoses invasives. Il pourrait étre
intéressant d’envisager une étude sur 1’évolution de ces marqueurs dans le temps pour les
patients ayant une candidose invasive prouvée en exploitant les données qui ont été recueillies

dans le cadre de I’essai clinique Empiricus. [65]
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IV. Perspectives statistiques

Nous avons utilisé la forme la plus simple des MSM avec des hypothéses concernant la prise
en compte des risques compétitifs basées sur des probabilités estimées. D’autres méthodes ont
été développées, utilisant des estimateurs doubles robustes plus élaborés et plus complexes
qui minimisent le poids des hypothéses de positivité et de mauvaise spécification des
variables des modeles. Cependant, il n’existe pas d’application clinique de ces méthodes en
USI actuellement. La base OutcomeRea est un support privilégié pour mettre en pratique ces

méthodes et en tirer les enseignements nécessaires a une plus large diffusion.

Par ailleurs, nous nous sommes posé un certain nombre de questions méthodologiques qui
pourront étre a approfondies, notamment la prise en compte de traitements ayant plus de deux
modalités, de traitements évoluant au cours du temps de facon dynamique, la prise en compte
de différents niveaux de temps, de niveaux hiérarchiques. Certaines de ces questions ont pu
étre explorées dans le cas d’autres applications sur les problématiques néphrologiques ou

hématologiques en réanimation.

Enfin, comme nous 1’avons présenté précédemment, un des grands enjeux pour la suite est de
pouvoir analyser de fagon plus précise les données longitudinales, et notamment les profils de
patients, cliniques ou biologiques, évoluant au cours du temps. Ces approches, déja mises en
pratiques dans le cas des modeles de trajectoires ou des modeles a croissance latente,
permettent d’affiner 1’information pour mieux comprendre les phénomeénes sous-jacents des

pathologies, que ce soit en réanimation ou dans d’autres domaines.
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