International Journal of Antimicrobial Agents 54 (2019) 442-448

Contents lists available at ScienceDirect

e |OUENAL OF

ntimicrobial

International Journal of Antimicrobial Agents Agents

journal homepage: www.elsevier.com/locate/ijantimicag

External validation of the INCREMENT-CPE mortality score in a )
carbapenem-resistant Klebsiella pneumoniae bacteraemia cohort: the S
prognostic significance of colistin resistance

Isabel Machuca®'?, Belén Gutiérrez-Gutiérrez™'2 Francisco Rivera-Espinar

Angela Cano®? Irene Gracia-Ahufinger?, Julia Guzman-Puche¢, Eduardo Marfil-Pérez,
Elena Pérez-Nadales®? Juan José Caston®? Robert A. Bonomo®!, Yehuda Carmeli®",
David Paterson’, Alvaro Pascual®, Luis Martinez-Martinez®?, Jests Rodriguez-Bafio >?,
Julidn Torre-Cisneros®%**, on behalf of the REIPI/ESGBIS/INCREMENT Group?

3 Instituto Maimonides de Investigacién Biomédica de Cérdoba (IMIBIC), Infectious Diseases Unit, Hospital Universitario Reina Sofia, Universidad de Cérdoba,
Cordoba, Spain

b Infectious Diseases, Clinical Microbiology and Preventive Medicine Unit, Hospital Universitario Virgen Macarena and Virgen del Rocio-IBiS, and
Department of Medicine, Universidad de Sevilla, Seville, Spain

¢ Intensive Care Unit, Hospital Universitario Reina Sofia, Cordoba, Spain

d Instituto Maiménides de Investigacién Biomédica de Cérdoba (IMIBIC), Unit of Microbiology, Hospital Universitario Reina Sofia, Universidad de Cérdoba,
Cordoba, Spain

¢ Research Service, Louis Stokes Cleveland Department of Veterans Affairs Medical Center, Cleveland, OH, USA

fDepartments of Medicine, Pharmacology, Biochemistry, Molecular Biology and Microbiology, Case Western Reserve University School of Medicine, Cleveland,
OH, USA

&Sackler Faculty of Medicine, Tel Aviv University, Israel

h National Center for Infection Control, Israel Ministry of Health, Tel Aviv, Israel

University of Queensland Centre for Clinical Research, The University of Queensland, Herston, Brisbane, QLD, Australia

ARTICLE INFO ABSTRACT
Article history: External validation of the INCREMENT-CPE risk score (ICS) for 30-day all-cause mortality is needed. There
Received 15 May 2019 is also scarce information about whether colistin resistance influences the prognosis of carbapenem-

Accepted 21 July 2019 resistant Klebsiella pneumoniae (CRKp) bacteraemia. In this study, the ability of ICS to predict all-cause

mortality in the KAPECOR cohort was calculated using the area under the receiver operating character-

Editor: A Tsakris istic (AUROC) curve. The association of colistin resistance with mortality was studied. The ICS showed
Keywords: an AUROC curve of 0.77 (95% CI 0.68-0.86). A cut-off of 8 points showed 96.8% sensitivity and 50.7%
KPC specificity. Mortality of low-risk patients was not different in those treated with monotherapy versus
Klebsiella pneumoniae combination therapy. However, mortality of high-risk patients treated with combination therapy (37.8%)
Carbapenem resistance was significantly lower than in those treated with monotherapy (68.4%) (P=0.008). To study the prog-
INCREMENT risk score nostic significance of colistin resistance, 83 selected cases of bacteraemia due to colistin-susceptible CRKp
Colistin resistance were obtained from the INCREMENT cohort for comparison. Colistin resistance could not be shown to be

associated with higher mortality in either the high-risk ICS group [adjusted odds ratio (aOR)=1.56, 95%
CI 0.69-3.33; P=0.29] or in 37 ICS-matched pairs (aOR=1.38, 95% CI 0.55-3.42; P=0.49), or in a sen-
sitivity analysis including only KPC isolates (aOR=1.81, 95% CI 0.73-4.57; P=0.20), but the precision of
estimates was low. These results validate ICS for all-cause mortality and to optimise targeted therapy for
CRKp bacteraemia. Colistin resistance was not clearly associated with increased mortality.
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1. Introduction

Carbapenem-resistant Klebsiella pneumoniae (CRKp) infections
are associated with high mortality [1-8]. To improve the progno-
sis, optimising both empirical and targeted treatment is essential.
The INCREMENT-CPE score (ICS), developed from a multinational
cohort study [9], allows a mortality risk categorisation that might
be useful for treatment decisions because it may help to select
high-risk patients who would benefit from combination therapy,
as shown both for the empirical treatment of CRKp colonised pa-
tients [10] and for targeted therapy [9]. However, the ability of the
ICS to predict mortality or to aid in decision-making about com-
bination targeted treatment has not been validated in an external
cohort. The KAPECOR cohort includes cases of bacteraemia caused
by colistin-resistant, KPC-producing CRKp conducted in the course
of an outbreak in a single centre. In a previous analysis of this co-
hort, in which the efficacy of colistin-free regimens was shown, the
only variable used to stratify the risk of mortality was the severity
of systemic response (septic shock) [11].

Available options for the treatment of CRKp are usually very
limited, particularly if the minimum inhibitory concentration (MIC)
of carbapenems is very high. Polymyxins have been a cornerstone
in the treatment of these infections [12] and, despite the recent
availability of new drugs such as ceftazidime/avibactam, will still
be frequently required to avoid the overuse of these newer drugs.
However, resistance to colistin is increasing and it is important to
evaluate the impact of colistin resistance in patient outcomes.

Therefore, the objectives of this study were to externally vali-
date the prognostic ability of the ICS in the KAPECOR cohort and
to study whether colistin resistance is related to a worse progno-
sis after controlling for other variables associated with the risk of
all-cause mortality.

2. Materials and methods
2.1. Study design

The prognostic capacity of ICS was investigated in the KAPECOR
cohort (see Section 2.2). To study whether colistin resistance
is associated with a worse prognosis of CRKp bacteraemia, pa-
tients from this cohort were compared with patients with colistin-
susceptible CRKp bacteraemia from the INCREMENT cohort (see
Section 2.3). This report follows the STROBE recommendations
[13] (see Supplementary Table S1).

2.2. KAPECOR cohort

The study design and the clinical and microbiological charac-
teristics of the KAPECOR cohort have been described previously
[11]. In summary, it is a retrospective cohort study of bacteraemia
due to colistin-resistant, KPC-producing CRKp in which all isolates
also showed high-level meropenem resistance (MIC > 64 mg/L).
All included patients were treated with in vitro-active regimens
that were initiated in the first 5 days after extraction of the index
blood culture. Patients with polymicrobial bacteraemia, those with
an intra-abdominal source of infection (which are usually polymi-
crobial) and patients who survived <48 h after initiating active an-
tibiotic treatment were excluded.

The KAPECOR project was approved by the Ethics Committee
of the Hospital Universitario Reina Sofia (Cordoba, Spain) [code
2848], which waived the need to seek written informed consent
owing to the observational nature of the study, and by the Spanish
Agency for Medicines and Health Products (AEMPS) [code FIC-KPC-
2015-01].

Klebsiella pneumoniae index isolates in this outbreak were previ-
ously characterised as belonging to the sequence type 512 (ST512)

clone by the reference laboratory of Hospital Universitario Vir-
gen Macarena (Seville, Spain) [11,14]. Resistance to colistin, as de-
fined using commercial panels, was confirmed by broth microdilu-
tion following the recommendations of the Clinical and Laboratory
Standards Institute-European Committee on Antimicrobial Suscep-
tibility Testing (CLSI-EUCAST) Joint Polymyxin Breakpoints Work-
ing Group [15] in 22 of 24 available isolates (colistin MICs were 2
and 1 mg/L and 0.25 and 1 mg/L in duplicate assays for the other
2 isolates). Selected strains yielded negative screening for mcr-1
[16] and mcr-2 [17] genes by PCR using specific primers.

2.3. INCREMENT cohort

The characteristics of the INCREMENT cohort (ClinicalTrials.gov
ID: NCT01764490) have also been published previously [9]. This is
an international retrospective cohort including consecutive patients
with bacteraemia caused by carbapenemase-producing Enterobac-
teriaceae (CPE) between 1 January 2004 and 31 December 2013.
The study was approved by the Ethics Committee of the Hospi-
tal Universitario Virgen Macarena [code 1921], which waived the
need to seek written informed consent owing to the observational
nature of the study, and by the AEMPS [code JRB-ANT-2012-01].
To investigate the prognostic significance of colistin resistance, pa-
tients with colistin-susceptible CRKp bacteraemia treated with this
drug were selected for comparison. As in the KAPECOR cohort, only
patients with a vascular, urinary or pulmonary source of bacter-
aemia and those who started active treatment in the first 5 days
after the index blood culture were selected. Patients who survived
<48 h after initiating active antibiotic treatment were excluded.

2.4. Variables and definitions

The main outcome variable was all-cause mortality at 30 days
after the index blood culture. The variables collected in both co-
horts and their definition have been described previously [11,18].
Explanatory variables for validation of the ICS were studied on the
day the blood culture was taken. The variables included in the ICS
were: severe sepsis or septic shock at presentation (5 points); Pitt
bacteraemia score >6 (4 points); Charlson comorbidity index >2
(3 points); source of bloodstream infection other than urinary or
biliary tract (3 points); and inappropriate early targeted therapy (2
points) [18]. Inappropriate early targeted therapy was not consid-
ered here as this was an exclusion criteria (see above). Therefore,
the maximum ICS was 15 points. Patients with >8 and <8 points
in the ICS were considered to be at high and low risk of mortality,
respectively [18].

Treatment initiated after receiving the susceptibility results was
considered targeted therapy. A targeted antibiotic treatment regi-
men was considered active when it included at least one antibiotic
to which the isolate was susceptible. In the case of gentamicin, in-
termediate susceptibility in vitro was accepted as this was some-
times the only available active drug in the KAPECOR cohort. The
antibiotic regimens used in both cohorts have been described pre-
viously [9,11]. To classify patients as receiving a specific regimen,
the regimen should have been initiated in the first 5 days following
the index blood culture and maintained for >70% of the duration
of treatment (or >48 h if the patient died before).

2.5. Statistical analysis

Results were expressed as the median and interquartile range
for continuous variables and as number (percentage) for categori-
cal variables. Crude comparison for continuous variables was per-
formed using the Mann-Whitney U-test. For categorical variables,
the Pearson’s x?2 test with Yates’ continuity correction or Fisher’s
exact test were used as appropriate. The area under the receiver
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Table 1

Sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV) and accuracy of the INCREMENT-
CPE risk score for 30-day all-cause mortality in the KAPECOR cohort.

Score Proportion of Sensitivity (%) Specificity (%) PPV (%) NPV (%) Accuracy (%)
patients (%)

>3 100.00 100.0 0.0 31.0 - 31.0

>4 86.00 96.8 18.8 349 92.9 43.0

>5 86.00 96.8 18.8 34.9 92.9 43.0

>6 84.00 96.8 21.7 35.7 93.8 45.0

>7 65.00 96.8 49.3 46.2 97.1 64.0

>8 64.00 96.8 50.7 46.9 97.2 65.0

>9 49.00 80.6 65.2 51.0 88.2 70.0
>10 48.00 77.4 65.2 50.0 86.5 69.0
>11 45.00 77.4 69.6 53.3 87.3 72.0
>12 19.00 323 87.0 52.6 74.1 70.0
>13 10.00 16.1 92.8 50.0 71.1 69.0
>14 10.00 16.1 92.8 50.0 711 69.0
>15 10.00 16.1 92.8 50.0 711 69.0

Table 2
All-cause mortality of the KAPECOR cohort according to mortality risk (by ICS) and type of treatment.
Mortality risk n/N (%) P-value
Total Monotherapy Combination therapy
Low-risk mortality score (ICS 0-7) 1/36 (2.8) 0/12 (0) 1/24 (4.2) 12

High-risk mortality score (ICS 8-15) 30/64 (46.9)

13/19 (68.4)  17/45 (37.8) 0.008"

ICS, INCREMENT-CPE risk score.

ab p_values determined using Fisher’s exact test ? or log-rank test ®; a P-value of <0.05 was considered statistically

significant.

operating characteristic (AUROC) curve with the 95% confidence in-
terval (CI) was used to quantify the discriminative capacity of the
ICS to predict all-cause mortality in the KAPECOR cohort. Sensitiv-
ity, specificity, positive predictive value (PPV), negative predictive
value (NPV) and accuracy were calculated in the KAPECOR cohort
for different cut-off points of the ICS.

For evaluation of the prognostic significance of colistin resis-
tance, multivariate analysis using Cox regression was attempted,
but the condition of proportional risks was not met and logis-
tic regression was therefore used. The year in which bacteraemia
occurred was also considered. Variables with a P-value of <0.05
were considered significant. Possible interactions between vari-
ables were studied. Variables with a P-value of <0.1 in the uni-
variate analyses were included in the models and were consid-
ered to be confounders if the percentage change in the coefficients
was greater than 20%. The Hosmer-Lemeshow statistic was used
to assess the goodness-of-fit of the model. This analysis was com-
plemented by a conditional logistic regression analysis of a sub-
group of pairs of colistin-susceptible and colistin-resistant patients
matched by ICS and by use of monotherapy or combination tar-
geted therapy, as well as by a sensitivity analysis that was per-
formed to investigate the effect of colistin resistance in the sub-
group of KPC isolates. Survival curves were obtained using the
Kaplan-Meier method and were compared using the log-rank test.
Analyses were performed using R v.3.0.1 and IBM SPSS Statistics
v.20.0 (IBM Corp., Armonk, NY, USA).

3. Results

3.1. Validation of the ICS in the KAPECOR cohort: risk of 30-day
all-cause mortality and efficacy of combined treatment

The KAPECOR cohort included 100 patients. The ICS applied to
the KAPECOR cohort showed an AUROC of 0.77 (95% CI 0.68-0.86)
(Supplementary Fig. S1), suggesting that the ICS is a good predictor
of all-cause mortality risk. The sensitivity, specificity, PPV, NPV and
accuracy for different cut-offs are shown in Table 1. A cut-off of 8

showed a sensitivity of 96.8% and a NPV of 97.2% but moderate
specificity (50.7%) and PPV (46.9%) (Table 1).

The KAPECOR cohort was stratified according to risk of mortal-
ity by applying the ICS: 36 patients (36.0%) were classified as low
risk and 64 patients (64.0%) as high risk. The crude mortality of pa-
tients classified as low risk was 2.8% (1/36), whilst that of patients
classified as high risk was 46.9% (30/64) (P < 0.001, log-rank test).
The mortality of low-risk patients treated with monotherapy was
not significantly different from that observed in those treated with
combination therapy [0/12 vs. 1/24 (4.2%); P=1]. However, the
mortality of high-risk patients treated with combination therapy
was significantly lower than that of those treated with monother-
apy [17/45 (37.8%) vs. 13/19 (68.4%); P=0.008, log-rank test]
(Table 2). Fig. 1 shows the survival curves of patients in the high-
risk mortality stratum as a function of having received monother-
apy or combination therapy.

A total of 44 patients from the KAPECOR cohort had septic
shock, of whom 43 were classified in the high-risk group. More-
over, 18 additional patients who had severe sepsis were also clas-
sified in the high-risk group when the ICS was applied. Of these
18 patients, 11 (61.1%) were treated with monotherapy of which 8
died, and 7 patients (38.9%) received combination therapy of which
4 died.

3.2. Prognostic significance of colistin resistance

To study the prognostic significance of colistin resistance, 83
cases of bacteraemia due to colistin-susceptible CPE were obtained
from the INCREMENT cohort. A flow chart of the patients included
in the analysis is provided in Fig. 2. The baseline characteristics
of the patients from both cohorts stratified according to the risk
of 30-day all-cause mortality (by ICS) are shown in Supplemen-
tary Tables S2 and S3. Significant differences were observed in
some variables potentially related to mortality risk. Patients in the
KAPECOR cohort had a higher percentage of septic shock and a
higher Charlson comorbidity index. Combination targeted therapy
was also more frequent. Pneumonia and vascular sources of infec-
tion were significantly different between both cohorts. A stratified
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Fig. 1. Survival curves of KAPECOR patients with high risk of mortality (ICS 8-15 points) represented according to targeted treatment (monotherapy versus combination

therapy). ICS, INCREMENT-CPE risk score.

KAPECOR COHORT

158 colistin-resistant bacteraemias
caused by carbapenem-resistant Klebsiella
pneumoniae

58 cases excluded because:

- A source of infection different
to urinary, pneumonia or
vascular bacteraemia (n = 46);

- Polymicrobial bacteraemia (n
=7);

- Targeted treatment initiated
>5 days after culture (n = 5)

100 colistin-resistant cases included
- 31 treated with colistin in monotherapy

- 69 treated with colistin in combination

INCREMENT COHORT

148 colistin-susceptible bacteraemias caused
by carbapenemase-producing
Enterobacteriaceae treated with colistin
(monotherapy or combination) in the first 5
days from blood culture

65 cases excluded with a source of
infection different to urinary,
pneumonia or primary bacteraemia

83 colistin-susceptible cases included
- 44 treated with colistin in monotherapy

- 39 treated with colistin in combination

Fig. 2. Flow chart of patients from the KAPECOR and INCREMENT cohorts included in the study.

comparison of both cohorts according to ICS mortality risk is also
shown in Supplementary Table S3. The treatment regimens used in
the KAPECOR cohort have been described previously [11].

In the KAPECOR cohort, patients with colistin-resistant CRKp
bacteraemia classified as low risk according to ICS and treated
with monotherapy had a crude mortality score of 0 at 30 days
(Table 2). Therefore, the prognostic significance of colistin resis-
tance was only analysed in the subgroup of high-risk patients
(109 patients) from both cohorts: 45 colistin-susceptible cases
were treated with colistin in monotherapy (23 patients) or combi-
nation therapy (22 patients), and 64 colistin-resistant cases were

treated without colistin in monotherapy (19 patients) or combi-
nation therapy (45 patients). Table 3 shows the univariate and
multivariate analyses of 30-day all-cause mortality. In the logistic
regression analysis, only combination targeted therapy was signif-
icantly protective for mortality [adjusted odds ratio (aOR)=0.34,
95% CI 0.14-0.77; P=0.01]; resistance to colistin could not be
shown to be associated with higher mortality but the estima-
tion was not precise as the 95% Cl was wide (aOR=1.56, 95%
CI 0.69-3.33; P=0.29). A sensitivity analysis performed to com-
pare only KPC isolates confirmed that only combination targeted
therapy was protective for mortality (aOR=0.33, 95% CI 0.14-0.78;
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Table 3
Univariate and multivariate analyses of 30-day all-cause mortality in patients with carbapenemase-producing Klebsiella pneumoniae bacteraemia and high mortality risk (ICS
8-15 points).

Variable Logistic regression (109 patients) Conditional regression (37 matched pairs)

Alive (60) Dead (49) P-value  Univariate analysis Multivariate analysis Univariate analysis Multivariate analysis
OR (95% CI) P-value  OR (95% CI) P-value OR (95% CI) P-value OR (95% CI) P-value
Age [median (IQR)]" 59 (47.4-710) 67 (52.0-73) 013 1.02 (0.99-1.04) 0.14 1.01 (0.97-1.04)  0.64
Male [n (%)]* 38 (63.3) 27 (55.1) 0.38 0.68 (0.31-1.44) 0.31 0.29 (0.06-1.38) 0.12
Study period 2004-2011 20 (33.3) 17 (34.7) 0.88 1.06 (0.48-2.35) 0.88 1.33 (0.46-3.84) 0.59
[n (%)]°
KPC [n (%)]? 54 (90.0) 42 (85.7) 0.49 0.65 (0.21-1.97) 045 0.75 (017-3.35)  0.71
Colistin resistance [n 34 (56.7) 30 (61.2) 0.63 1.21 0.56-2.62) 0.63 1.56 0.29 1.38 (0.55-3.42) 049 138 0.49
(%)]° (0.69-3.33) (0.55-3.42)
Appropriate empirical 38 (63.3) 26 (53.1) 0.38 0.71 (0.34-1.51) 038 0.57 (0.22-1.46) 0.25
therapy [n (%)]?
Delay in first active 1(0-34) 2 (1-3.5) 0.77 114 (0.91-1.44) 0.25 0.97 (0.58-1.6)  0.90
therapy from blood
culture (per day)
[median (IQR)]"
Targeted therapy [n (%)]° 0.01 N/A
Monotherapy 17 (28.3) 25 (51.0) Ref. Ref.
Combination therapy 43 (71.7) 24 (49.0) 0.38 (0.17-0.83)  0.02 0.34 0.01
(0.14-0.77)

ICS, INCREMENT-CPE score; OR, odds ratio; CI, confidence interval; IQR, interquartile range; KPC, Klebsiella pneumoniae carbapenemase; N/A, not applicable.
ab p_values were determined using Pearson’s x?2 test ® or Mann-Whitney U-test ®; a P-value of <0.05 was considered statistically significant.

P=0.01), and again resistance to colistin was not clearly associ-
ated with higher mortality (aOR =1.81, 95% CI 0.73-4.57; P=0.20).
Subsequently, 37 pairs of cases matched by ICS and monother-
apy or combination therapy were selected. Mortality was 14/37
(37.8%) among patients with colistin-susceptible isolates and 17/37
(45.9%) for those with colistin-resistant isolates. The estimate for
the impact of colistin resistance was similar to that found in pre-
vious analyses by conditional regression (aOR=1.38, 95% CI 0.55-
3.42; P=0.49) (Table 3). Supplementary Fig. S2 shows the sur-
vival curves of patients in the high-risk stratum as a function of
colistin resistance in the global cohort (Supplementary Fig. S2A)
and in the selected pairs (Supplementary Fig. S2B). Supplemen-
tary Fig. S3 shows the survival curves of high-risk patients treated
with monotherapy and combination therapy based on colistin re-
sistance.

4. Discussion

The results of this study support the potential utility of the ICS
as a predictor of mortality in a cohort of patients with colistin-
resistant CRKp bacteraemia and high-level meropenem resistance.
The ICS was found to be highly predictive of mortality. When ap-
plied to the KAPECOR cohort, the predictive capacity of ICS (AU-
ROC=0.77) was very similar to that of the INCREMENT cohort for
30-day mortality (AUROC=0.78 in the derivation cohort and 0.76
in the validation cohort) [18].

Because only patients with an ICS > 8 in the INCREMENT co-
hort benefited from combination treatment [18], the ICS might
be used in clinical practice to decide whether combination ther-
apy is required. However, an external validation for such use was
needed. The sensitivity of ICS in the INCREMENT validation cohort
for mortality was 83.6% and was even higher in the KAPECOR co-
hort (96.8%). However, the specificity of ICS in the KAPECOR cohort
was lower than that observed in the INCREMENT cohort (50.7% vs.
60.6%) [18]. This suggests that combination treatment might need
to be considered for some low-risk patients; nevertheless, it would
allow avoiding combination therapy for a significant subset of pa-
tients. It is striking that the mortality of KAPECOR patients with
an ICS < 8 treated with monotherapy was zero. It is also obvious
that patients classified as high risk by ICS (ICS > 8) benefited from
combination therapy, as mortality was significantly reduced (68.4%
to 37.8%; P=0.008, log-rank test).

A previous analysis of the KAPECOR cohort showed that com-
bination therapy only reduced mortality in patients with septic
shock [11]. This conclusion was based on the observation of a sta-
tistical interaction between both variables, without applying the
ICS. With that information, combined treatment would be indi-
cated in 48 patients of this cohort [11]. Application of the ICS
showed that 64 patients of the KAPECOR cohort had an ICS >
8, which implies that 18 additional high-risk patients would re-
ceive combination therapy. In fact, 72.7% (8/11) of these addi-
tional high-risk patients who received monotherapy died. There-
fore, our results suggest that the ICS provides useful additional
information rather than simply considering septic shock. Fur-
thermore, we recently showed that the ICS is useful to decide
between monotherapy and combination therapy for empirical
treatment in patients colonised with CRKp who developed an in-
fection with a high probability of being caused by this bacteria ac-
cording to the Giannella risk score [10]. A recent randomised trial
found that colistin plus meropenem was not associated with lower
mortality than monotherapy with colistin in infections caused by
carbapenem-resistant Gram-negative bacteria [19]. However, most
patients in that study had infections with Acinetobacter baumannii
and therefore this might not apply to CRKp. Moreover, patients in
the KAPECOR cohort were infected with colistin-resistant isolates.

In recent years, colistin has become a cornerstone for the treat-
ment of CRKp infections [9,20]. The occurrence of outbreaks caused
by colistin-resistant CRKp is of concern [14,21-24], mainly be-
cause some reports have associated colistin resistance with higher
mortality [25,26]. The KAPECOR cohort, which includes colistin-
resistant CRKp strains with high-level meropenem resistance, pro-
vided an opportunity to investigate the prognostic significance of
colistin resistance in a setting of targeted therapy free of colistin
and carbapenems. To achieve this objective, these patients were
compared with those from the INCREMENT cohort with colistin-
susceptible isolates treated with colistin and who met the same in-
clusion criteria as those in the KAPECOR cohort. It should be noted
that patients from both cohorts showed some differences (Sup-
plementary Table S3). The KAPECOR cohort included more severe
cases with a higher risk of mortality. The proportion of patients
with an ICS > 8 was 9 percentage points higher than that of the
INCREMENT validation cohort (55.2% vs. 64.0%) [11,18]. However,
as this was a single-centre study conducted in the course of an
outbreak and subsequent endemicity, patients could be identified
early on. This translated into a very low mortality in the low-risk
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patients and in the frequently correct therapeutic management of
high-risk patients, both from an empirical and targeted viewpoint
(combination therapy). We could not demonstrate that resistance
to colistin was associated with higher mortality when the bacter-
aemia was monomicrobial and from a vascular, pulmonary or uri-
nary source. In this scenario, the variable associated with mortality
in the high-risk group (ICS 8-15) is type of treatment (monother-
apy or combination therapy) and not resistance to colistin (Table 3;
Supplementary Figs S2 and S3). Specific studies are necessary to
determine whether colistin-resistant isolates are associated with
lower virulence.

The development of new and more active drugs (ceftazidime/
avibactam, cefiderocol, imipenem/relebactam, meropenem/
vaborbactam, plazomicin and others) [27-32] will provide new, ac-
tive therapeutic options for colistin-resistant, carbapenem-resistant
strains. In addition, it will be necessary to study whether these
drugs are even effective in monotherapy for patients with an ICS
> 8. In the future, alternative approaches to antibiotic therapy for
combatting CRKp would be needed [33].

This study has the typical limitations of retrospective observa-
tional studies. The data were obtained from two cohorts with very
different characteristics. Besides, the INCREMENT cohort includes
Enterobacteriaceae producing KPC, OXA and some VIM carbapene-
mases, whilst the KAPECOR cohort only includes cases of K. pneu-
moniae producing KPC carbapenemase. Therefore, the possibility of
selection bias cannot be eliminated. The number of cases is lim-
ited by the size of each cohort. To minimise the effect of these
limitations, advanced statistical methods were used in the analysis,
such as comparison of both groups matched by variables that have
been significantly associated with mortality in these infections, as
by ICS (which includes source of infection, co-morbidity and sever-
ity of infection), or by use of monotherapy or combination tar-
geted therapy, as well as controlling the study period, or conduct-
ing a sensitivity analysis including only KPC isolates. The ICS has
been validated in an external cohort with different characteristics
which indicated that the ICS is a valuable tool in different clinical
scenarios.

In conclusion, this study provides an external validation of the
ICS and indicates that colistin resistance of CRKp strains might not
worsen the prognosis if targeted treatment without colistin is early
and adequate.
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