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Subphenotype- and complication-guided adjunctive
fosfomycin versus standard monotherapy in Staphylococcus
aureus bacteraemia: pooled analysis of two randomised trials
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Summary

Background Randomised trials of combination therapies for S. aureus bacteraemia (SAB) have failed to improve
clinical outcomes—likely reflecting the lack of risk-targeted patient selection. The FEN-AUREUS classification
enables early risk stratification based on clinical subphenotypes. We aimed to validate this framework in a
pooled trial cohort and assess whether combining subphenotypes with IDSA-defined complicated SAB could
identify patients most likely to benefit from adjunctive fosfomycin.
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Methods We conducted a post-hoc analysis of individual-level data from two multicentre randomised trials
evaluating adjunctive fosfomycin in SAB. Participants were classified according to the FEN-AUREUS framework
into phenotypes and risk subphenotypes. Associations between subphenotype, complicated bacteraemia, and 60-
day mortality as the primary outcome and 30-day mortality and 8-week treatment success as secondary outcomes
were assessed. A DOOR analysis provided an integrated assessment of overall outcomes. This study is registered
with ClinicalTrials.gov, NCT07155590.

Findings Among 369 patients (median age 68 years, IQR 56-78; 262/369 [68-8%] male), high-risk subphenotypes
were associated with greater 60-day mortality (23-2% versus 6-6%; risk ratio [RR] 3-49, 95% confidence interval
[CI] 1-87-6-52; adjusted hazard ratio [aHR] 3-38, 1-69-6-78), regardless of complication status. Combining risk
subphenotypes with the IDSA classification showed heterogeneity in response to adjunctive fosfomycin. In
patients with low-risk and uncomplicated SAB (n = 107), 60-day mortality was low with both monotherapy and
adjunctive fosfomycin (2-1% versus 3-4%; risk difference [RD] -1-3% [95% CI -7-4 to 4-8]; p = 0-68), and
treatment success at week 8 exceeded 89%. In the intermediate strata, 60-day mortality was 18-8% with
monotherapy versus 7-4% (RD 11-3% [95% CI -5-4 to 28-1]; p = 0-20) with adjunctive fosfomycin in low-risk/
complicated SAB (n = 59), and 15-0% versus 22-8% (RD -7-8% [95% CI -19-9 to 4-3]; p = 0-21) in high-risk/
uncomplicated SAB (n = 159); week-8 treatment success was 78-1% versus 88-9% and 61-3% versus 54-4%,
respectively. By contrast, in high-risk, complicated SAB (n = 44), adjunctive fosfomycin was associated with
higher treatment success (25-8% versus 69-2%; RD —43-4% [-72-9 to -14-0]; p = 0-007) and a non-significant
reduction in 60-day mortality (45-2% versus 23-1%). DOOR analysis suggested a more favourable overall
outcome profile with adjunctive therapy in this subgroup.

Interpretation Integrating early risk subphenotyping with IDSA complication criteria may enable more precise
identification of SAB patients who may benefit from intensified therapy, while supporting monotherapy in those at
lowest risk. This stratified approach provides a practical framework to refine patient selection for future trials and
personalised therapeutic strategies.

Funding Instituto de Salud Carlos III, Madrid, Spain.

Copyright © 2026 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Introduction

Staphylococcus aureus bacteraemia (SAB) remains a
major global cause of bloodstream infection and sepsis-
related mortality, with 30-day case fatality rates ranging
15% and 30% depending on host status, infection
source, and associated complications.”” This wide
variability, together with significant heterogeneity in
diagnostic and therapeutic approaches across settings,
highlights the complex and multifaceted nature of
SAB.**

Traditionally, the clinical management of SAB has
differentiated between uncomplicated and complicated
cases, according to the presence of risk factors for
metastatic complications or poor outcomes, as outlined
in the Infectious Diseases Society of America (IDSA)
guidelines.® However, this dichotomous framework has
been increasingly questioned, and focuses more on
predicting complications than on mortality risk.”*

Recent work has introduced an alternative frame-
work for early clinical risk stratification based on the
identification of clinical subphenotypes. The FEN-

AUREUS project, in particular, developed a phenotyp-
ing algorithm that incorporates portal of entry (source
phenotype) and readily available clinical variables
within the first 24 h of SAB onset, deriving risk sub-
phenotypes that were internally validated in two large
observational cohorts."! These subphenotypes were
strongly associated with 30-day mortality and showed
potential utility for guiding early therapeutic decision-
making and diagnostic intensity. Importantly, this
approach may complement current definitions of
complicated SAB by capturing early indicators of host
vulnerability and disease severity.

To date, randomised controlled trials (RCTs) evalu-
ating adjunctive antibiotic therapy in SAB—including
rifampicin, gentamicin, ceftaroline or other f-lactams,
and fosfomycin—have largely been unable to demon-
strate consistent benefits in clinical outcomes, and have
raised concerns about increased toxicity.'>'® This expe-
rience underscores the limitations of a uniform treat-
ment approach and highlights the need for risk-guided,
personalised SAB management. While the inclusion of
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Research in context

Evidence before this study

We searched PubMed, Scopus, and ClinicalTrials.gov from
January 1, 2000, to September 1, 2025, using the terms
“Staphylococcus aureus bacteraemia” OR “S. aureus” AND
(“adjunctive therapy” OR “combination therapy” OR
“fosfomycin”) AND (“phenotype” OR “subphenotype” OR
“risk stratification” OR “complicated bacteraemia” OR
“severity”). We selected observational studies and
randomised controlled trials published in English. We found
that existing trials evaluating adjunctive antibiotics in SAB
have been unable to demonstrate consistent benefit in
unselected populations, raising concerns about toxicity and
absence impact on mortality, thereby underscoring the need
to move towards personalised approaches to its
management. A recent multicentre study (FEN-AUREUS)
developed a phenotyping tool that allows clinicians to
stratify SAB patients early by risk of mortality, using readily
available clinical and laboratory data within 24 h. However,
this tool had been previously validated only in observational
cohorts, and no studies had applied it to randomised trial
populations or assessed its integration with conventional
definitions of complicated SAB to better predict treatment
response.

Added value of this study
This is the first study to externally validate the FEN-AUREUS
classification using individual participant data from two

large proportions of low-risk, uncomplicated cases in
prior trials likely obscured potential benefits, patients at
higher predicted risk of mortality or with indicators of
poor response—such as persistent bacteraemia or
metastatic complications—may represent the most
appropriate candidates for combination therapy.

In this context, combining risk subphenotyping with
established definitions of complicated SAB offers a
novel strategy to identify patient subgroups most likely
to benefit from intensified or adjunctive antibiotic reg-
imens. Such an approach could also help refine the
design and interpretation of future RCTs in SAB, by
reducing heterogeneity and enabling more precise es-
timates of treatment effect.”

This study aimed to externally validate the prog-
nostic value of FEN-AUREUS risk subphenotypes in a
pooled cohort of SAB patients from two RCTs evalu-
ating adjunctive fosfomycin,”*' to examine whether
integrating the IDSA definition of complicated versus
uncomplicated bacteraemia with the FEN-AUREUS
risk subphenotypes enables stratification into groups
with different risks of death, and to assess the effec-
tiveness of adjunctive fosfomycin compared with stan-
dard monotherapy within these risk groups. We
hypothesised that adjunctive fosfomycin would provide
the greatest benefit in patients with high-risk
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randomised controlled trials. We confirmed that early clinical
subphenotypes are independent predictors of mortality. By
combining FEN-AUREUS risk subphenotypes with IDSA-
defined criteria for complicated SAB, we identified a
subgroup of patients at particularly high-risk, in whom
adjunctive fosfomycin use was associated with improved
treatment success. By contrast, patients with low-risk and
uncomplicated profiles achieved similarly favourable
outcomes with monotherapy as with intravenous fosfomycin
combination therapy. We also identified two intermediate
groups (low-risk/complicated and high-risk/uncomplicated)
with heterogeneous response to intravenous fosfomycin.

Implications of all the available evidence

Integrating early phenotyping with conventional criteria for
complicated SAB provides a practical bedside approach to
guide personalised treatment, identifying patients most
likely to benefit from adjunctive fosfomycin therapy, while
supporting safe monotherapy use in a substantial proportion
of patients. This approach may further contribute to
improving the design and interpretation of future
randomised controlled trials in SAB by reducing
heterogeneity and allowing more accurate estimates of
treatment effect.

subphenotypes and complicated infection, while offer-
ing limited benefit in those with low-risk sub-
phenotypes and uncomplicated disease.

Methods

Study design and population

We conducted a post-hoc analysis of the BACSAFO
cohort, which pooled individual participant data from
two multicentre, randomised, superiority trials evalu-
ating adjunctive fosfomycin versus standard mono-
therapy for the treatment of SAB: BACSARM and
SAFO.**! Common inclusion criteria for both trials
were age >18 years and at least one blood culture
positive for MRSA or MSSA within 72 h before enrol-
ment, with evidence of active infection. Patients with
uncomplicated or complicated SAB were eligible.
Exclusion criteria included polymicrobial bacteraemia,
allergy to study drugs, severe liver disease (Child-Pugh
C), prosthetic valve endocarditis, pregnancy, expected
survival <24 h, or concurrent participation in another
clinical trial. Additional exclusions were MRSA pneu-
monia in the BACSARM trial (due to daptomycin lim-
itations in pneumonia) and acute SARS-CoV-2
infection in the SAFO trial. Patient selection and in-
clusion in the pooled post-hoc analysis are summarised
in Supplementary Figure S1.
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In the BACSARM trial,® 155 patients were rando-
mised across 18 Spanish hospitals to receive daptomy-
cin (10 mg/kg per day) plus intravenous fosfomycin
sodium (2 g every 6 h) or daptomycin alone. Dapto-
mycin was infused over 30 min and fosfomycin over
60 min. Treatment lasted 10-14 days for uncomplicated
SAB and 28-42 days for complicated SAB or when an
endovascular device other than an intravascular cath-
eter was present. Fosfomycin was co-administered with
daptomycin throughout treatment.

In the SAFO trial,* 214 patients were randomised in
19 Spanish hospitals to receive cloxacillin (2 g every 4 h)
plus intravenous fosfomycin sodium (3 g every 6 h;
infused over 4 h) or cloxacillin alone. Combination
therapy was given for the first 7 days. Both trials
included renal function-adjusted dosing. In SAFO,
clinicians were advised to administer potassium sup-
plementation and furosemide to prevent sodium over-
load in patients receiving fosfomycin.

The present study included all patients in the
modified intention-to-treat (mITT) populations of both
RCTs, defined as all randomised patients who received
at least one day of antibiotic therapy (referred to as
mITT in BACSARM and ITT in SAFO). Patients
receiving any treatment regimen that included fosfo-
mycin were classified into the adjunctive fosfomycin
group, while those treated without fosfomycin were
assigned to the monotherapy group. The study was
approved by the Bellvitge University Hospital Ethics
Committee (EOMO33/24). Informed consent was ob-
tained during the BACSARM and SAFO trials. This
analysis was reported according to CONSORT recom-
mendations (Supplementary Table S1).

Variables and definitions
All clinical, laboratory, and outcome variables were
prospectively collected within the BACSARM and
SAFO trials, as previously described,”® with proxy data
required for five in fewer than 10% of cases
(Supplementary Table S2).

Source phenotypes and risk subphenotypes were
assigned using the publicly available FEN-AUREUS
online calculator (https://fen-aureus.com). This tool
first assigns patients to a source phenotype based on
the probable portal of entry (A: skin or soft tissue; B:
catheter-related; C: unknown or other). Subsequently,
risk subphenotypes (1 = low risk; 2 = high risk) are
derived from early clinical variables and logistic
regression modelling. Patients with a calculated prob-
ability >50% were assigned to subphenotype 2.

We defined complicated SAB according to IDSA
guidelines as the presence of any of the following:
endocarditis, prosthetic material, persistent positive
blood cultures at >72 h, metastatic complications, or
persistent fever at 72 h.® Although IDSA complication
status was not a pre-specified stratification factor in the

original trial protocols, all relevant variables were pro-
spectively collected.

The primary outcome of this study was all-cause
mortality at 60 days after randomisation. Secondary
outcomes included all-cause mortality at 30 days and
treatment success at 8 weeks after randomisation,
defined as survival without clinical relapse and resolu-
tion of symptoms. Treatment success was included as a
secondary outcome to evaluate the effectiveness of
adjunctive fosfomycin within stratified subgroups. To
comprehensively assess clinical benefit and safety, we
also performed a Desirability of Outcome Ranking
(DOOR) analysis.”

Statistical analysis

We used descriptive statistics to summarise baseline
characteristics by treatment group and phenotype.
Categorical variables were reported as n/N (%) and
continuous variables as median [IQR]; between-group
imbalance was summarised using standardised mean
differences (SMDs). Associations between clinical sub-
phenotype and complicated bacteraemia (as defined by
IDSA criteria) with study 60- and 30-day mortality were
assessed using effect-size measures. Crude risk ratios
(RRs) with 95% confidence intervals were calculated for
binary outcomes.

For time-to-event outcomes, adjusted hazard ratios
(aHRs) were obtained from Cox proportional hazards
models, which included centre effect, the presence of
complicated bacteraemia, and risk subphenotype clas-
sification as covariates. To account for the ‘centre effect’
without introducing model instability due to the large
number of participating hospitals, we did not include
each centre as an individual variable. Instead, we used a
TreeNet (Salford Systems) gradient boosting analysis to
classify centres based on their mortality risk, adjusted
for patient severity, comorbidities, management vari-
ables, and other clinical covariates. Hospitals were
subsequently grouped into a binary covariate (‘high-risk
centre’ versus ‘low-risk centre’), which was included in
the multivariable Cox regression models.

We defined risk subphenotype as low-risk (A1, B1,
C1) or high-risk (A2, B2, C2) according to the FEN-
AUREUS tool.

For comparing adjunctive fosfomycin versus stan-
dard monotherapy within pre-specified strata, treat-
ment effects were expressed as absolute risk differences
(RDs) with 95% CIs, defined as
monotherapy — adjunctive. Under this convention, a
positive RD favours adjunctive therapy for mortality
endpoint, whereas a negative RD favours adjunctive
therapy for treatment-success endpoint.

Additionally, we performed a DOOR analysis to
integrate treatment success at week 8, adverse events
leading to treatment discontinuation, and 60-day mor-
tality into a single ordinal endpoint, comparing
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monotherapy with adjunctive fosfomycin. The DOOR
categories were defined as follows: (1) treatment suc-
cess at week 8 without adverse events; (2) treatment
success at week 8 with adverse events; (3) no treatment
success at week 8 and survival at day 60; and (4) mor-
tality at day 60.

We performed all analyses using SPSS version 26-0
(IBM Corp., Armonk, NY), and TreeNet (Salford Sys-
tems). The study is registered with ClinicalTrials.gov,
NCT07155590.

Role of the funding source

The funder of the study (Instituto de Salud Carlos III)
had no role in the study design, data collection, data
analysis, data interpretation, or the writing of the
report.

Results

Validation of risk subphenotypes in the BACSAFO
cohort

A total of 369 patients with SAB were included in the
pooled BACSAFO cohort (Supplementary Figure S2).
The median age was 68 years (IQR 56-78), 68-8% were
male, and the median Charlson age-adjusted index was
4 (IQR 2-6). The all-cause 60-day mortality was 15-7%
(58/369), while 30-day mortality was 11-4% (42/369).
Patients who died by day 60 were older (SMD = 0-99;
RR per 1-SD increase in age = 2:72, 95% CI 1-94-3-80),
and more likely to have solid tumours (RR = 2.03,
1-26-3-28) or dementia (RR = 2-93, 1.52-5-63). They
also showed higher neutrophil counts (RR per 1-
SD = 1.35, 1.16-1-57), lower oxygen saturation (RR
per 1-SD = 0-74, 0-64-0-86), and reduced Glasgow
Coma Scale scores (RR per 1-SD = 0-83, 0-72-0-95) at
the time of bacteraemia (Supplementary Table S3).

Based on the portal of entry, 88 patients (23-8%)
were classified as phenotype A (skin and soft tissue),
154 patients (41-7%) as phenotype B (vascular device-
associated), and 127 patients (34-4%) as phenotype C
(other portals of entry or unknown). There were marked
imbalances in age and comorbidities within phenotypes
(Table 1). This was consistent with a worse clinical
profile in the high-risk subphenotypes (A2, B2, C2), as
shown in the 60-day Kaplan—-Meier curves presented in
Fig. 1 (A, B and C).

Overall, 166 patients (45-0%) were assigned to low-
risk subphenotype 1 (A1, B1, C1), and 203 (55-0%) to
high-risk subphenotype 2 (A2, B2, C2). In a sensitivity
analysis excluding variables with missing data, the
distribution of patients and mortality across risk groups
was similar to that observed when all cases were
included using proxy values.

Patients in high-risk subphenotype 2 had signifi-
cantly higher 60-day mortality compared to those in
low-risk subphenotype 1 (23:2% versus 6-6%,
RR = 3-49, 95% CI 1.87-6-52) (Table 2 and Fig. 1D, log-
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rank test p < 0-0001). These associations remained
consistent in multivariable analysis adjusting for
complicated bacteraemia and centre effects (aHR for
60-day mortality: 3-38, 95% CI 1-69-6-78, p = 0-0001;
aHR for 30-day mortality: 2-84, 95% CI 1-30-6-23,
p = 0:009) (Supplementary Table S4).

Integration of FEN-AUREUS subphenotypes and
IDSA complicated bacteraemia criteria for
mortality risk stratification

When aggregated FEN-AUREUS risk subphenotypes
were combined with the IDSA definition of complicated
bacteraemia, a clear 60-day mortality gradient emerged
across the four resulting strata (Table 2), as further
illustrated by the Kaplan-Meier curves (log-rank test
p < 0-001; Fig. 2). Patients classified with a low-risk
subphenotype and uncomplicated SAB experienced
the most favourable outcomes, with mortality rates of
only 2-8% at both 30 and 60 days. In contrast, the group
with a high-risk subphenotype and complicated infec-
tion showed the poorest survival, with 60-day mortality
reaching 38-6% (RR = 13-78 [95% CI: 4-25-44-67);
p < 0-0001).

Effectiveness of adjunctive fosfomycin versus
standard monotherapy within stratified subgroups
In the subgroup of patients with uncomplicated and
low-risk bacteraemia (N = 107), 60-day mortality was
very low and similar between those receiving mono-
therapy (2-1%) and those treated with adjunctive fos-
fomycin (3-4%); the absolute difference
(monotherapy—adjunctive) was —1-3% ([95% CI -7-4 to
4.8]; p = 0-68, Table 3 and Supplementary Figures S3A
and S4A). Treatment success at 8 weeks after ran-
domisation was 89-6% with monotherapy and 89-8%
with adjunctive fosfomycin; absolute risk difference
(monotherapy—adjunctive): —0-2% (95% CI -11-8 to
11-3; p = 0-97; Table 3, Supplementary Figure S3B). In
this subgroup, the estimated number needed to treat
(NNT) was 77 for 60-day mortality and 500 for treat-
ment success at week 8.

Outcomes in the intermediate-risk strata were het-
erogeneous (Table 3). In low-risk but complicated SAB
(N =59), 60-day mortality was numerically lower with
adjunctive fosfomycin (7-4% versus 18-8%), whereas in
high-risk but uncomplicated SAB (N = 159) mortality
was numerically higher (22-8% versus 15-0%); however,
neither difference reached statistical significance.

In the highest-risk subgroup, with complicated
bacteraemia and high-risk subphenotype (N = 44),
outcomes were notably worse. The 60-day mortality was
45-2% and 23-1% with adjunctive fosfomycin; the ab-
solute difference (monotherapy—adjunctive)
was +22:1% (95% CI —6:8 to 509; p = 0-17,
Supplementary Figures S3B and S4A). Treatment suc-
cess at 8 weeks was significantly higher with adjunctive
fosfomycin (69-2%) compared to monotherapy (25-8%)


http://ClinicalTrials.gov
http://www.thelancet.com

9Z0T ‘YdIe 79 [OA WO0IIDUBRYFMMM

Variable All (N = 369) Phenotype A (N = 88) Phenotype B (N = 154) Phenotype C (N = 127)
AL (N = 42) A2 (N = 46) SMD Bl (N =77) B2 (N = 77) SMD B C1 (N = 47) Q2 (N = 80) SMD C
A

Demographics
Male sex, n (%) 262 (68-8) 30 (71-4) 31 (67-4) -0-09 53 (688) 52 (67-5) -0-028 33 (70-2) 55 (68-8) -0-032
Age, median [IQR] (years) 68 (56-78) 64 (55-73) 73 (62-78) 0-42 65 (52-72) 70 (57-80) 031 64 (54-73) 76 (62-82) 0-65

Comorbidities
DM uncomplicated, n (%) 6 (20-6) 8 (19-0) 6 (13-0) -016 16 (20-8) 14 (18-2) -0-066 6 (12-8) 26 (32:5) 0-45
DM end-stage organ disease, n (%) 8 (15-7) 11 (26-2) 14 (30-4) 0-09 7 (9-1) 15 (19-5) 0-30 4 (85) 7 (8-8) 0-009
Any solid tumour, n (%) (20 6) 8 (19-0) 9 (19-6) 0-01 14 (18-2) 15 (19-5) 0-033 9 (19-1) 21 (26-3) 0-17
Chronic kidney disease, n (%) 2 (19-6) 0 (0-0) 17 (37-0) 0-94 9 (11-7) 28 (36-4) 058 1(21) 17 (21-3) 0-55
Peripheral vasculopathy, n (%) (18 4) 8 (19-0) 23 (50-0) 0-65 7 (9-1) 15 (19-5) 0-30 7 (14-9) 8 (10-0) 0-13
Chronic obstructive pulmonary disease n (%) 5 (14-9) 4 (9'5) 5 (10-9) 0-04 7 (9-1) 16 (20-8) 033 5 (10-6) 18 (225) 0-50
Ischemic cardiopathy, n (%) 47 (12-7) 11 (26-2) 5 (10-9) -0-40 12 (15-6) 9 (11-7) -0-11 3 (6-4) 7 (8-8) 0-088
Congestive heart failure, n (%) 43 (11-7) 5 (11-9) 8 (17-4) 0-16 5 (6-5) 13 (16-9) 0-32 0 (0-0) 12 (15-0) 0-20
Ictus or hemiplegia, n (%) 4 (9-2%) 2 (4-8) 5 (10-9) 023 11 (14-3) 11 (14-3) 0-00 1(21) 4 (5:0) 0-15
Liver disease, n (%) 0 (8-2) 1(2:4) 7 (15-2) 0-45 4 (5-2) 8 (10-4) 0-19 3 (6-4) 7 (8-8) 0-25
Haematologic neoplasm, n (%) 17 (4+6) 0 (0-0) 1(2-2) 0-21 4 (5-2) 6 (7-8) 0-11 3 (6-4) 3(3-8) -0-12
Connective tissue disease, n (%) 15 (4-1%) 2 (4-8) 2 (4-3) -0-02 2 (2-6) 2 (2:6) 0-00 3 (6-4) 4 (5-0) -0-061
Dementia, n (%) 4 (3-8) 1(2-4) 4 (87) 0-27 1(13) 3 (3:9) 0-16 2 (43) 3(3:8) -0-026
Ulcerative disease, n (%) 8 (2-2) 1(2:4) 2 (4-3) 0-11 1(13) 1(13) 0-00 2 (4-3) 1(13) -0-20
HIV infection 4 (1-1) 1 (2-4) 0 (0-0) -0-23 1(1-3) 2 (2:6) 0-094 0 (0-0) 0 (0-0) 0-000
Age-adjusted Charlson index [IQR] (points) 4 (2-6) 4 (2-7) 4 (2-5) -0-39 4 (2-6) 3 (2-5) -0-24 4 (1-5) 4 (2-6) 0-065

Characteristics of SAB
Complicated bacteraemia,” n (%) 103 (27-9) 15 (35-7) 12 (26-1) -021 21 (27-3) 12 (15-6) -0-29 23 (48-9) 20 (25-0) -0-51
Nosocomial acquisition, n (%) 154 (41-7) 12 (28-6) 11 (23-9) -011 43 (55-8) 47 (61-0) 0-105 1 (2-1) 40 (50-0) 1-02
Endocarditis at end-of-treatment, n (%) 25 (6-8) 4 (9-5) 4 (8-7) -0-03 5 (6:5) 5 (6:5) 0-000 2 (4-3) 5 (6-3) 0-087

Inflammatory markers and clinical data at the day

of bacteraemia
Creatinine [IQR] (mg/dL) 1.01 (0-77-1-57) 0-82 (0-69-1-07) 1-42 (1-00-2:74) 0-98  0-92 (0-70-1-47) 108 (0-86-1-90) 0-056 0-83 (0-62-1-04) 127 (0-88-1.78)  0-64
Neutrophiles [IQR] (103 cells/pL) 5. 52 (4:30-9-20) 5 69 (4-39-9-20) 7-20 (4-43-13-95) 0-49 4 97 (4-02-6-70) 5 21 (4-09-818) 0-26  5-04 (4-20-6-20) 57 (5-21-14-07)  0-64
GCS [IQR] (points) 5 (15-15) 5 (15-15) 5 (15-15) -0-14 15 (15-15) 5 (15-15) -0-05 5 (15-15) 5 (15-15) -0-32
Sp02 [IQR] (%) 9 (96-99) 8 (96-99) 9 (95-99) -0-14 9 (95-99) (96 99) -0-078 (98—99) 98 -5 (95-99) -0-29
Pitt [IQR] (points) 0 (0-1) 0 (0-1) 0 (0-1) 0-15 0 (0-1) 0 (0-2) 0-32 0 (0-1) 0 (0-1) 0-38
30-day mortality 42 (11-4) 1(2:4) 8 (17-4) 0-49 4 (5-2) 11 (14-3) 0-31 4 (8:5) 4 (17'5) 0-26
60-day mortality 58 (15-7) 1(2:4) 12 (26-8) 0-67 6 (7-8) 5 (19:5) 0-34 4 (85) 0 (25-0) 0-42

Data are n (%) for categorical variables and median [IQR] for continuous variables. Percentages in parentheses are within-column proportions for each subphenotype. IQR = interquartile range (25th-75th percentile). Subphenotypes are shown
within three clinical phenotypes (A, B, C); within each phenotype, “1” denotes the lower-risk subphenotype and “2” the higher-risk subphenotype. The SMD (standardised mean difference) columns quantify within-phenotype imbalance as
subphenotype 2 minus subphenotype 1: positive SMD indicates higher mean/prevalence in subphenotype 2; negative SMD indicates higher values in subphenotype 1. Magnitude guide for |[SMD]: <0-10 negligible, 0-10-0-20 small, 0-20-0-50
moderate, >0-50 large. Abbreviations: DM = diabetes mellitus; GCS = Glasgow Coma Scale; SpO2 = peripheral oxygen saturation. *Complicated bacteraemia is defined according to IDSA criteria.

Table 1: Baseline characteristics of clinical subphenotypes identified in the pooled individual-participant dataset from two randomised trials.
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Fig. 1: Kaplan-Meier survival curves over 60 days comparing risk subphenotypes Al versus A2 (a), B1 versus B2 (b), C1 versus C2 (c), and
aggregated risk subphenotypes (d). (a) Log-rank: p = 0-002; (b) log-rank: p = 0-029; (c) log-rank: p = 0-021; (d) log-rank: p < 0-001.

(difference —43-4%, 95% CI -72.9 to —14-0 in favour of
adjunctive therapy; p = 0-007) (Table 3, Supplementary
Figure S4B). In this subgroup, the estimated NNT to
prevent one death at 60 days was 4-5, and the NNT to
achieve one additional treatment success at week 8 was
2:3.

Details regarding the most frequent adverse events
experienced by patients in each treatment group are
provided in Supplementary Table S5.

In the subgroup of patients with low-risk sub-
phenotype and uncomplicated SAB, the DOOR analysis
estimated a 54-8% probability (95% CI 45-4%—64-2%)
that a randomly selected patient receiving monotherapy
would have a better outcome ranking than a patient
receiving adjunctive fosfomycin. Conversely, in the
subgroup with high-risk subphenotype and complicated
bacteraemia, this probability was only 30-8% (95% CI
17-1%-44-4%), indicating that a patient receiving

www.thelancet.com Vol 62 March, 2026

adjunctive fosfomycin is significantly more likely to
have a Dbetter outcome ranking (Fig. 3 and
Supplementary Figure S5).

A sensitivity analysis performed on the per-protocol
population yielded results consistent with the primary
analysis across the risk strata (Supplementary
Table S6). Specifically, the survival benefit signal in
the high-risk/complicated subgroup was maintained.

Discussion

This study provides the first external validation of the
FEN-AUREUS risk subphenotypes' using pooled data
from two RCTs in SAB,**' extending the evaluation to
long-term outcomes. We confirmed that high-risk
subphenotypes (A2, B2, and C2) were consistently
associated with higher 60-day and 30-day mortality
compared with their low-risk counterparts (A1, B1, and
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Total n/N (%) All-cause 30-day mortality

All-cause 60-day mortality

1 + complicated
High-risk subphenotype
2 + uncomplicated

159/369 (43-1) 22/159 (13-8)

High-risk subphenotype
2 + complicated

44/369 (11-9)  11/44 (25-0)

Deceased RR versus p Deceased RR versus p
n/N (%) reference n/N (%) reference (95% Cl)
(95% Cl)
Aggregated risk subphenotypes
Low-risk subphenotype 1 166/369 (45-0) 9/166 (5-4) Reference 0-02  11/166 (6:6)  Reference <0-001
High-risk subphenotype 2 203/369 (55-0) 33/203 (16-3) 3-00 (1-48-6-09) 47/203 (23-2) 3-49 (1-87-6-52)
Complicated bacteraemia (IDSA)
Uncomplicated 266/369 (72-1) 25/266 (9-4) Reference 0-05 33/266 (12-4) Reference 0-005
Complicated 103/369 (27-9) 17/103 (16-5) 1-76 (0-99-3-11) 25/103 (24-3) 1-96 (1-23-3-12)
Aggregated risk subphenotypes + complicated bacteraemia (IDSA)
Low-risk subphenotype 107/369 (29-0)  3/107 (2:8) Reference <0-001 3/107 (2-8) Reference <0-001
1 + uncomplicated
Low-risk subphenotype 59/369 (16-0)  6/59 (10-2) 3-63 (0-94-14-00) 8/59 (13-6) 4-84 (1-33-17-54)

4-94 (1-52-16-08)

892 (2:61-30-43)

30/159 (18-9) 6-73 (2:11-21-49)

17/44 (38-6) 13-78 (4-25-44-67)

participant dataset.

Table 2: All-cause 30- and 60-day mortality by aggregated risk subphenotypes and IDSA complicated bacteraemia in the pooled individual-

C1). These associations remained significant after
multivariable adjustment for study centre and the
presence of complicated bacteraemia, reinforcing the
robustness and external validity of the FEN-AUREUS
classification as a prognostic framework in SAB.
Clinical subphenotypes provide a promising
approach for stratifying patients with infectious

diseases into subgroups with more homogeneous dis-
ease trajectories.””” Recent studies have identified
distinct subphenotypes in SAB."* In a study including
patients from the ARREST trial, clinical and microbio-
logical outcomes varied among patients receiving
rifampicin according to their clinical phenotype.” The
FEN-AUREUS study developed a simple and pragmatic
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Fig. 2: Kaplan-Meier survival curves by combined risk subphenotype and complicated bacteraemia status (log-rank p < 0-001).
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Aggregated IDSA criteria Treatment Total 30-day mortality 60-day mortality Treatment success at week 8
SL AR Deceased Treatment p Deceased Treatment p Success Treatment p
n/N (%) difference n/N (%) difference n/N (%) difference
(95% Cly (95% Cly (95% Cly
Low-risk Uncomplicated Monotherapy 48 1/48 (2-1) -13% 0-68 1/48 (2-1) -1- 3% 0-68 43/48 (89:6) -0-2% 0-97
subphenotype (N = 107) Adjunctive 59 2/59 3-4) (7410 48) 2/59 (3-4) (7410 4:8) 53/59 (89-8) (-11-8t011:3)
(N = 166) fosfomycin
Complicated Monotherapy 32 4/32 (125) 51% 052 6/32(18:8) 11-3% 020 25/32 (78:1) -10-8% 0-27
(N =59) Adjunctive 27 2/27 (7-4) (-10-0 to 20-2) 2/27 (7-4) (54 to 28-1) 24/27 (88-9) (-29-4 to 7-8)
fosfomycin
High-risk Uncomplicated Monotherapy 80 8/80 (10-0) -7-7% 0-16 12/80 (15-0) -7-8% 0-21 49/80 (61-3) 6-8% 0-38
subphenotype (N = 159) Adjunctive 79 14/79 (17-7) (-18-4 to 3-0) 18/79 (22-8) (-19-9 to 4-3) 43/79 (54-4) (-8-5 to 221)
(N =203) fosfomycin
Complicated Monotherapy 31 8/31(25-8) 2:7% 0-85 14/31 (45-2) 22:1% 017 8/31(25-8)  -43:4% 0-007
(N = 44) Adjunctive 13 313231 (24910303 3133y (6:810509) 9/13 (69-2) (729
fosfomycin to -14-0)
Total 369 42 58 254

Fosfomycin.

Table 3: Comparison of 60-day mortality and treatment success by IDSA classification and FEN-AUREUS subphenotypes, stratified by monotherapy versus adjunctive

bedside tool for early risk stratification of patients with
SAB into subphenotypes with markedly different mor-
tality, using variables readily available within the first

24 h after bacteraemia onset."" This framework has the
potential to enhance prognostication and support more

personalised therapeutic approaches in SAB.

2:1%
14-6%
3-4%
254%
0 20 20 60 80 100

a
MONOTHERAPY
ADJUVANT FOSFOMYCIN
I Rank 1 - Success / No AE

MONOTHERAPY

ADJUVANT FOSFOMYCIN

Rank 2 - Success / AE

Percentage of patients

[ Rank 3 - Failure / Alive I Rank 4 - Death

I Rank 1 - Success / No AE

20

40

60 80

Percentage of patients

Rank 2 - Success / AE [ Rank 3 -

100

Failure / Alive I Rank 4 - Death

Fig. 3: Distribution of DOOR categories in patients with Staphylococcus aureus bacteraemia according to clinical risk groups: (a) low-risk
uncomplicated and (b) high-risk complicated. Rankings are ordered from most to least favourable outcome: (Rank 1) Treatment success
at week 8 with no adverse events, (Rank 2) Treatment success at week 8 with adverse events, (Rank 3) No treatment success at week 8 and

no mortality at day 60, and (Rank 4) Mortality at day 60.
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Our findings indicate that although the IDSA
“complicated/uncomplicated” classification remains
clinically valuable, it does not fully capture the hetero-
geneity of host risk and disease severity. This limitation
may be addressed by complementing it with the early
FEN-AUREUS risk subphenotypes. Crucially, this
relationship extends beyond antibiotic selection: iden-
tifying high-risk patients within the first 24 h should
trigger intensified diagnostic work-up and closer clin-
ical monitoring, while the IDSA criteria remain essen-
tial in guiding treatment strategy—consistent with
contemporary clinical practice guidelines—both at
baseline and on reassessment at >72 h, when compli-
cation status becomes ascertainable. By integrating
both approaches, we identified four SAB patient groups
with progressively increasing mortality and decreasing
treatment success: low-risk, uncomplicated; low-risk,
complicated; high-risk, uncomplicated; and high-risk,
complicated. Notably, patients in the low-risk, uncom-
plicated group exhibited 60-day mortality below 3% and
treatment success exceeding 89%, suggesting mono-
therapy may suffice for this substantial subgroup,
which comprised 29% of the cohort. The DOOR anal-
ysis supported this interpretation, indicating a trend
toward more favourable outcomes with monotherapy
compared to adjunctive fosfomycin.

By contrast, patients with both high-risk sub-
phenotypes and complicated SAB had markedly worse
outcomes. In this subgroup, adjunctive fosfomycin was
associated with significantly higher treatment success
and a lower 60-day mortality compared with mono-
therapy, although this mortality difference did not reach
statistical significance. These findings warrant confir-
mation in larger cohorts, as the current study may have
been underpowered to detect differences in this specific
subgroup. Importantly, the DOOR analysis—integrat-
ing mortality, treatment success, and adverse even-
ts—also supported a potential benefit in this subgroup,
primarily driven by the higher rates of treatment suc-
cess. Regarding the intermediate risk groups, however,
results were heterogeneous; therefore, specifically
designed trials are required to confirm these observa-
tions and establish definitive strategies for these
scenarios.

Consequently, regarding clinical implementation,
our data provide robust evidence for antimicrobial
stewardship in the large subset of patients with low-
risk/uncomplicated SAB. In this group, adjunctive
fosfomycin offered no benefit but increased adverse
events; therefore, findings support a strategy to avoid
initiating or de-escalate combination therapy in these
patients, prioritizing safety. Conversely, for the high-
risk/complicated phenotypes, these results provide a
rational basis to consider adjunctive fosfomycin on a
case-by-case basis, weighing the potential survival
benefit against toxicity, rather than applying a universal
approach This study has limitations inherent to its

design. First, this is an exploratory, post-hoc pooled
analysis of two RCTs with differences in patient pop-
ulations and protocols. Consequently, the stratification
combining FEN-AUREUS subphenotypes with IDSA
criteria was not pre-specified, and no formal adjust-
ments for multiplicity were applied. Second, the defi-
nition of complicated bacteraemia relies on clinical
events occurring after randomisation (e.g., persistent
bacteraemia), which could theoretically be influenced
by the study treatment, introducing a potential for se-
lection bias. However, since effective treatment would
likely reduce the progression to ‘complicated’ status,
the remaining patients in the intervention arm would
represent the most severe cases. Thus, the superior
outcomes observed with adjunctive fosfomycin in this
subgroup likely represent a conservative estimate of its
efficacy. Third, the DOOR endpoint was constructed
post-hoc using available clinical outcomes. Neverthe-
less, we devised an ordinal hierarchy designed to
reasonably balance efficacy (survival and cure) against
toxicity, capturing the primary trade-off evaluated in
this study. Conversely, a strength of this study is that it
highlights how RCTs often enrol heterogeneous patient
populations predominantly composed of low-risk in-
dividuals. This heterogeneity may partly explain why
published trials have often failed to demonstrate dif-
ferences  between  combination therapy and
monotherapy.””* Moreover, our findings identify a
well-defined high-risk subgroup with significantly
greater mortality, emphasising the critical need to
optimise management and prioritise the most effective
treatment strategies for these patients.

In summary, this study provides the first external
validation of the FEN-AUREUS risk subphenotypes in
RCT cohorts of SAB, confirming their prognostic value for
mortality. Combining early clinical subphenotypes with
established IDSA criteria for complicated infection en-
ables precise stratification of patients into risk groups with
distinct outcomes and therapeutic responses. Importantly,
our exploratory analysis suggests that adjunctive fosfo-
mycin may improve outcomes in the high-risk, compli-
cated subgroup, while low-risk uncomplicated patients
achieved favourable outcomes with monotherapy. Taken
together, these findings could represent a paradigm shift
in the management of SAB—f{rom a one-size-all approach
to a more individualised strategy—highlighting the po-
tential of this dual dassification framework to optimise
patient care and inform the design and interpretation of
future clinical trials.
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