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s u m m a r y 

Objectives: Antibiotic stewardship programs (ASP) have already demonstrated clinical benefits. However, 

their effectiveness or safety in immunocompromised hosts needs to be proved. 

Methods: An ecologic quasi-experimental study was performed from January 2009 to June 2017 in the 

Oncology department of a tertiary-care hospital. A stable program of Infectious Diseases consultation 

(IDC) already existed at this unit, and an educational ASP was added in 2011. Its main intervention con- 

sisted of face-to-face educational interviews. Antibiotic consumption was assessed through quarterly De- 

fined Daily Doses (DDD) per 100 occupied bed-days. Mortality was evaluated in patients with blood- 

stream infections through the quarterly incidence density per 10 0 0 admissions, and the annual mortality 

rates at 7 and 30-days. Time-trends were analysed through segmented-regression analysis, and the im- 

pact of the ASP was assessed through before-after interrupted time-series analysis. 

Results: Mortality significantly decreased throughout the study period ( −13.3% annual reduction for 7-day 

mortality rate, p < 0.01; −8.1% annual reduction for 30-day mortality, p = 0.03), parallel to a reduction in 

antibiotic consumption (quarterly reduction −0.4%, p = 0.01), especially for broader-spectrum antibiotics. 

The before-after study settled a significant inflexion point on the ASP implementation for the reduction 

of antibiotic consumption (change in level 0.95 DDD, p = 0.71; change in slope −1.98 DDD per quarter, 

p < 0.01). The decreasing trend for mortality before the ASP also continued after its implementation. 

Conclusions: The combination of an ASP with IDC improved antibiotic use among patients with cancer, 

and was accompanied by a reduction of mortality of bacteraemic infections. Implementation of the ASP 

was necessary to effectively change antibiotic use. 

© 2019 The British Infection Association. Published by Elsevier Ltd. All rights reserved. 
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Introduction 

Antimicrobial Stewardship Programs (ASPs) have proved signif-

icant benefits on the outcome of patients with infections. 1 How-

ever, the evidence supporting the effect of these interventions on

immunosuppressed patients remains limited. 2 The impact of ASPs

might be especially relevant in this setting, as long as they are
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specially exposed to the deleterious consequences of the inappro-

riate use of antibiotics, i.e. a superior mortality 3 and an increased

isk of infections caused by multidrug-resistant microorganisms. 4 

owever, their implementation has been traditionally hindered by

he reluctance of clinicians who may question the safety and effec-

iveness of narrower-spectrum agents or shorter courses of antibi-

tics when treating infections in immunocompromised patients. 5 

Indeed, very few studies have addressed the results of these in-

erventions in patients with cancer, and their achievements have

een mostly limited to reducing the economic costs or antibiotic
eserved. 

https://doi.org/10.1016/j.jinf.2019.07.002
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onsumption, with scarce information on their clinical impact. 6–9 

his is why the generation of good-quality evidence supporting the

linical benefits and feasibility of these initiatives has been de-

anded as a critical aspect to promote their application in this

etting. 2 

In this article, we show the long-term results achieved by an

ducational ASP associated with Infectious Diseases consultation

IDC) on mortality and antibiotic use of hospitalized patients with

olid cancer over a 9-year period. 

ethods 

tudy design and period 

A quasi-experimental ecologic study with a time-trend analysis

as performed over 34 quarters from January 2009 to June 2017. 

etting 

The intervention was implemented in the 20-bed Oncology

ard of University Hospital Virgen del Rocío, a tertiary-care hos-

ital in Seville (Spain). Patients with solid, non-hematological ma-

ignancies were attended in this unit. The same two senior oncol-

gists attended hospitalized patients throughout the whole study

eriod. 

thics 

The study was approved by the local Ethics Committee. 

ntervention 

A stable IDC program has been performed in the Oncology

ard for the last 20 years, consisting of bedside advice on the

anagement of complex infections and early report of all blood-

tream infections (BSI). In January 2011, an educational ASP was

rompted throughout the entire hospital, whose methodology

nd general results have already been published. 10,11 In brief, it

onsisted of a bundle of educative measures, designed and per-

ormed by a multidisciplinary team including Infectious Diseases

hysicians, Microbiologists, Pharmacists, Intensive Care physicians,

aediatricians and Preventivists. In the specific case of Oncology,

he intervention included: a) development of consensual clinical

uidelines for common infectious syndromes in patients with

ancer 12 ; b) face-to-face structured educational interviews with

ncologists on the basis of specific antibiotic prescriptions to

einforce the principles of the correct use of antibiotics (supple-

entary file 1); prescriptions employed for interviews were ran-

omly selected (not targeted toward specific classes of antibiotics),

nd their aim was merely pedagogic (not auditing); c) periodical

linical sessions tackling practical aspects of the management of

nfections in Oncology; d) incorporation of the objectives of the

SP to the annual agreement signed by the department and the

ospital director; and e) quarterly reports to the Head of depart-

ent with the level of attainment of annual pre-agreed objectives.

he usual Infectious Diseases consultant on the Oncology ward led

he implementation of these tasks in the department. The main

essages tackled in educational interviews were: identification

nd management of sepsis, interpretation of microbiologic results,

e-escalation and sequential oral treatments whenever possible,

iversification of antibiotic prescriptions and training in optimal

uration of antibiotic courses (supplementary file 1). 

No other interventions concerning antibiotic use (e.g. antibiotic

olicies, restrictions, etc.) were performed during the study pe-

iod. The infection control program in this department consisted
xclusively of the isolation of patients with resistant bacteria re-

overed from clinical samples. No new actions were implemented

egarding the prevention of infections in these patients either. 

utcomes 

The incidence of BSI produced by the six most relevant mi-

roorganisms was monitored (coagulase-negative Staphylococci 

xcluded): Escherichia coli, Klebsiella pneumoniae, Acinetobacter 

aumannii, Pseudomonas aeruginosa, Staphylococcus aureus, and 

andida spp., and specifically the incidence of multidrug-resistant

trains in the Oncology ward (as defined in supplementary file 2).

urveillance data were stored and analysed using WHONET 5.3. 

The impact of the intervention on the clinical management of

erious infections was measured through the rate of early (7-day)

nd late (30-day) all-cause mortality among patients developing

hese BSI, which were recorded yearly. The magnitude of the effect

n mortality was also evaluated through quarterly measures of the

ncidence density (ID) of early and late deaths among patients with

SI (i.e. number of deaths per 10 0 0 admissions). Patients dying in

ess than 24 h after blood samples collection were not considered

or the mortality analysis, as previously proposed, 13,14 for a better

election of patients actually benefitting from this intervention

argeting an optimised use of antibiotics. Oncologic patients ad-

itted in such severe condition that produces death in just a few

ours are frequently not candidates for intensive support, which

ndercuts the effectiveness of any other therapeutic measure. 

The potential changes in antibiotic use promoted by the inter-

ention were evaluated through quarterly measures of the con-

umption of all-class antibiotics (ATC group J01 and J02), and

pecifically antipseudomonal betalactams. Consumption was calcu- 

ated as Defined Daily Doses (DDD) per 100 occupied bed-days

OBD), according to the Anatomical Therapeutical Chemical Clas-

ification (ATC/DDD) methodology. 15 In order to evaluate the im-

lementation of switching to oral treatments, the quarterly rate of

ral antibiotic agents DDDs prescribed over the global number of

DDs was also recorded. The impact on direct costs was evaluated

hrough the monitoring of quarterly pharmacy expenditures in

ntimicrobial drugs of the Oncology department. 

tatistical analysis 

Two different analyses were performed to evaluate the impact

f both interventions (the IDC and the ASP). A time-trend study

ith a segmented-regression analysis was carried out during the

hole study period (2009–2017) to assess the long-term impact of

he combination of both interventions. Additionally, to evaluate the

pecific effect of the ASP, an interrupted time-series (ITS) regres-

ion analysis was performed to compare trends before and after

he program, following Cochrane Effective Practice and Organiza-

ion Care recommendations. 16 Two standardized effect sizes were

stimated: changes in level (difference between the observed out-

ome at the first time point of the intervention and the point pre-

icted by the pre-intervention trend), and changes in trend (dif-

erence between pre- and post-intervention slopes) following the

ntervention. A p value of < 0.05 was considered statistically signif-

cant. Tests were 2-tailed. Statistical analyses were performed with

oinpoint Regression Program v.4.5.0.1 and R software v.3.4.3. 

esults 

252 episodes of BSI over 34 quarters were recorded. The ID

f BSI remained stable (average incidence 4.37 episodes per 10 0 0

BD, quarterly percentage of change −1% CI95% −2.5, 0.5, p = 0.17),

s well as the ID of BSI produced by multi-drug resistant bacteria,

hich kept low during all the study period (average incidence 0.62
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Fig. 1. Time trends of the early (7-day) and late (30-day) mortality of patients with 

bloodstream infections (BSI) throughout the study period. 
∗ The decreasing trend was statistically significant for all indicators, including early 

mortality rate ( −13.3% yearly reduction; CI95% −20.5; −5.4 p = 0.006), late mortal- 

ity rate ( −8,1% yearly reduction; CI95% −15; −0.7% p = 0.03), incidence density of 

early deaths ( −18% annual reduction; CI95% −23.2; −12.5 p < 0.0 0 01) and incidence 

density of late deaths ( −13.5% annual reduction; CI95% −19.9; - 6.5, p = 0.003) 

among patients with BSI. 

2017 data refers to the months included in the study period (January 1st to June 

30th). 
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episodes per 10 0 0 OBD, quarterly percentage of change 0,2% CI95%

−0.8, 1.2, p = 0.70) (see supplementary file 2). 

A total number of 128 individual educational interviews (av-

erage 10 interviews per physician a year), 10 clinical sessions

(1–2 per year) and 26 reports to the Head of department were

delivered after the initiation of the ASP in January of 2011. 

A significant reduction in early and late mortality of patients

with BSI was observed over the whole study period. Seven and 30-

day crude mortality rate decreased a 13.3% per year (CI95% −20.5;

−5.4 p < 0.01) and −8.1% per year (CI95% −15; −0.7% p = 0.03)

respectively. The ID of early deaths per 10 0 0 admissions among

patients with BSI was also reduced ( −18% annual reduction; CI95%

−23.2; −12.5 p < 0.0 0 01), as well as the ID of late deaths ( −13.5%

annual reduction; CI95% −19.9; - 6.5, p < 0.01) ( Fig. 1 ). A signifi-

cant reduction in the global consumption of antibiotics was proved

(quarterly reduction −0.4% CI95% −0.7; −0.1, p = 0.01), and specifi-

cally for antipseudomonal betalactams (quarterly reduction −1.23%

CI95% −1.85; −0.61, p < 0.001). Direct expenditure in antimicro-

bials was also significantly reduced by the end of the study period

(quarterly reduction −1484 € CI95% −2020 to −949 €, p < 0.01).

Conversely, the rate of oral antibiotics prescribed over the total

number of DDDs increased progressively (quarterly increase 0.90%

CI95% 0.10; 1.72, p = 0.02). The evolution of consumption for

specific antibiotics can be found in supplementary file 3. 

We analysed the specific impact of our ASP on these results

through a before-after ITS analysis ( Table 1 ). After the implemen-

tation of the ASP, the descending trend in the ID of mortality

observed in the pre-intervention period was maintained, with no

significant changes in slope proved in this case ( Table 1 , Fig. 2 ).

When variables assessing antibiotic use were analysed, a signifi-
ant inflection point was demonstrated after the ASP initiation for

ll of them, except for the rate of oral antibiotic prescriptions, for

hich a non-significant improvement was also observed ( Table 1

nd Fig. 3 ). Evaluation of the quality of the prescriptions was not

ystematically performed, but the educational interviews allowed

escribing some of the most frequent reasons for inappropriate

se of antibiotics in the unit. An incorrect selection of the agent

ccording to the clinical diagnosis (28.6%) in the case of empiric

reatments, and failing to de-escalate or inappropriate duration in

he case of definite therapies (19.6% for both causes) motivated

ost of the inadequate prescriptions (see supplementary file 4). 

iscussion 

Our results show that the association of an educational ASP

ith IDC was able to achieve long-term improvements in antibi-

tic use, and was accompanied by a reduction of the mortality of

acteraemic infections among patients with solid tumours. To our

nowledge, this is the first study proving such benefits for these

nterventions in the setting of immunocompromised hosts. 

A maintained reduction in both the incidence and the mortal-

ty rate of patients with BSI ( Fig. 1 ) was observed throughout the

tudy period. The 30-day mortality rate described at the begin-

ing of the study (mean rate 39%) was similar to other large co-

orts, 3,17 but by the end of the intervention, it had significantly

ecreased to a mean mortality rate of 20%. Noticeably, our results

lso show a significant reduction in early crude mortality through-

ut the study period ( Fig. 1 ), which would correlate better to an

mproved management of these acute infections, and should not be

xpected to be modified by other improvements in general care of

ancer patients (e.g. chemotherapy schemes). 

IDC had already proved beneficial to the survival of patients

ith BSI produced by S. aureus 18 and Candida spp. 14 . However,

ther studies with a wider scope, analysing all-cause BSI, have

nly observed better antimicrobial use with no impact on mortal-

ty when assessing the role of the counselling. 19,20 Moreover, none

f these studies have assessed the impact of IDC in the specific set-

ing of patients with cancer. Our results provide valuable informa-

ion in this regard, showing a significant improvement in survival

arallel to maintained IDC in a large cohort of cancer patients with

SI, which was not limited to specific aetiologies. 

With this study, we aimed to evaluate the specific impact of the

SP on mortality. The pre-intervention decreasing trend in mor-

ality was maintained after the implementation of the steward-

hip program, but no significant changes in the slope were estab-

ished ( Fig. 2 ). These results prevent us from definitely establishing

 causality relationship between the ASP itself and the reduction

f mortality, but seems likely that the combined effect of both in-

erventions (the IDC and the ASP) contributed significantly for this

ustained trend. At least, these data should highlight the safety of

he strategies of rational use of antibiotics promoted by the ASP,

lso in this population of immunosuppressed hosts. These results

re consistent with that obtained by a recent clinical trial devel-

ped by our group, which demonstrated the safety of interrupt-

ng antibiotic treatment in hematologic patients with febrile neu-

ropenia after confirming the clinical cure. 21 We believe this new

nformation to be relevant, since most studies on ASP developed

n immunosuppressed populations have limited their results to the

eduction in the consumption of certain antibiotics with no infor-

ation on their clinical effects or, at best, showing an absence of

n increase in mortality. 6–9 To our knowledge, before ours only

wo ASPs developed in patients with cancer have reported a reduc-

ion in mortality. 22,23 They both based their conclusions on two-

roup comparison tests which directly measured differences be-

ore and after the intervention, but this kind of analyses have been

trongly discouraged in the assessment of ASPs due to their high
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Table 1 

Interrupted time-series analysis of the clinical outcomes and antibiotic use changes observed after the implementation of the antimicrobial stewardship 

program. 

Change in level a (CI95%) Change in slope b (CI95%) 

Deaths per 1000 admissions (7 days) −0.43 ( −7.07; 6.20) −0.07 ( −1.43; 1.29) 

Deaths per 1000 admissions (30 days) −0.34 ( −9.71; 9.01) −0.77 ( −2.69; 1.15) 

DDD of all-class antimicrobials (J01 + J02) /100 OBD 0.95 ( −4.04; 5.96) −1.98 ( −3.31; −0.64) ∗

DDD of antipseudomonal betalactams /100 OBD −4.04 ( −7.6 1; −0.46) ∗ −1.08 ( −1.96; −0.21) ∗

Pharmacy expenditures in antimicrobial agents( €) −4770 ( −7360; −2180) ∗ −1484 ( −2020; −949) ∗

Rate of DDD of oral antimicrobials over all DDD (%) −2.14 ( −10.48; 6.20) 0.51 ( −1.41; 2.42) 

OBD: Occupied bed-days; DDD: defined daily dose. 
a Reduction in the first quarter after the intervention with respect to the expected value. 
b Average reduction per quarter after the intervention. 
∗ p < 0.05 . 

Fig. 2. Interrupted time-series analysis of the trends in mortality among patients with bloodstream infections (BSI) observed before and after the implementation of the 

antimicrobial stewardship program. 

(a) Before-after trends in incidence density of early deaths per 10 0 0 admissions among patients developing bloodstream infections, measured at the 7th day after the BSI 

diagnosis. (b) Before-after trends in incidence density of late deaths per 10 0 0 admissions among patients developing bloodstream infections, measured at the 30th day after 

the BSI diagnosis. 

Solid blue lines show the observed trend during the pre-intervention period. Dashed blue lines show the expected trend after the intervention according to the pre- 

intervention values. Solid red lines show the observed trend after the intervention. 

Change in level : indicates the reduction in the first trimester after the intervention with respect to the expected value. 

Change in trend . Indicates the average reduction achieved per quarter after the intervention. 

IDC : Infectious Diseases Counseling; ASP : Antimicrobial Stewardship Program. (For interpretation of the references to colour in this figure legend, the reader is referred to the 

web version of this article.) 
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Fig. 3. Interrupted time-series analysis of the trends in antibiotic use observed after 

the implementation of the antimicrobial stewardship program. 

(a) Before-after trends in global consumption of antibiotics; (b) Before-after trends 

in consumption of antipseudomonal betalactams; (c) Before-after trends in the rate 

of DDD of oral antibiotics prescribed over the total number of DDDs; (d) Before- 

after trends in the direct Pharmacy expenditures in antimicrobials. 

Solid blue lines show the observed trend during the pre-intervention period. 

Dashed blue lines show the expected trend after the intervention according to 

the pre-intervention values. Solid red lines show the observed trend after the 

intervention. 

Change in level : indicates the reduction in the first trimester after the intervention 

with respect to the expected value. 

Change in trend . Indicates the average reduction achieved per quarter after the 

intervention. 

IDC : Infectious Diseases Counseling; ASP : Antimicrobial Stewardship Program. 
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isk of bias. 24 Indeed, the internal validity of both studies seems

o be undercut by a limited sample size and study period, and a

eemingly uneven distribution of basal characteristics and clinical

resentation of the infections evaluated between groups. 22,23 ITS

ave been pointed out as the preferential method to assess the im-

act of interventions, as we did. 16,25 

The ASP had a significant impact on the use of antibiotics in

he unit. Our data show how the implementation of structured in-

erventions is necessary to change the way antibiotic are used in

hese kinds of units, suggesting that the sole clinical counselling

ay be insufficient to achieve this goal. In fact, when variables

egarding antimicrobial consumption were analysed, we observed

table or even worsening trends in antibiotic use during the years

receding the ASP ( Fig. 3 ). This might be explained because in

raditional IDC, the intervention of the expert is limited to the

atients attended by the consultant, and this may not necessar-

ly change the use of antibiotics in the entire unit. Our ASP con-

isted of a bundle of educational interventions aiming to improve

he knowledge of all Oncologists on the principles of a correct an-

imicrobial treatment, 10 and it was only after their implementation

hen global antibiotic use in the unit was truly improved. 

The study has some limitations. The possibility of an ecologic

ias is inherent to the design, and causality should be cautiously

onsidered. We analysed in detail any possible interference from

otential confounding factors, and recorded no significant changes

n the incidence of all-cause BSI or multi-drug resistant microor-

anisms, no significant modifications in the portfolio of services

f the Oncology department occurred, and no other interventions

ffecting antibiotic policies, infection control or antibiotic prophy-

axis were implemented during the study period. A more com-

lex methodology for the statistical analyses was also chosen to

revent some of these potential biases, 24 showing consistent re-

ults throughout all the variables evaluated. Causality cannot be

efinitely established by this design (especially for mortality vari-

bles), but the consistency between all these data supports the fea-

ibility of this hypothesis. Of note, the expiration of the patent of

mipenem (March 2010) and meropenem (April 2011), as well as

inor changes in the costs of other antimicrobials throughout the

tudy period may have explained some part of the reduction in

harmacy expenditure reported. The effect of this circumstance on

nal results should be expected secondary, since the reduction in

ntibiotic consumption was not limited to carbapenems, and con-

inued throughout the whole study period, years after the patent

xpiration. The close interrelation between both interventions eval-

ated (the IDC and the ASP) made it difficult to measure the pre-

ise weight of each one on the final outcomes achieved. Nonethe-

ess, the significance of this precise information may be less rel-

vant, since they are usually also carried out together in real-life.

inally, the single-centre design of the study makes it necessary

o confirm the reproducibility of our results in different healthcare

entres; in this sense, we believe that our work may serve as a

olid proof-of-concept to encourage the implementation of similar

rograms, and offer new arguments to avoid the reluctance of clin-

cians still unsure of the safety of these initiatives. 

To sum up, this study suggests a substantial contribution of the

DC and ASPs for improving the outcome of BSI in patients with

olid cancer, and for promoting better use of antibiotics in this set-

ing. Our results also show the safety of the strategies of rational

se of antibiotics among immunocompromised hosts, and define

he necessity of implementing structured ASPs beyond sole clinical

ounselling to achieve this goal. 
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