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Abstract

Background: Stenotrophomonas maltophilia is a multidrug-resistant pathogen with limited
therapeutic options that predominantly affects critically ill and immunocompromised
patients. Trimethoprim—-sulfamethoxazole (TMP/SMX) remains the conventional first-
line therapy; however, emerging resistance and toxicity concerns necessitate alternative
regimens. This study represents, to our knowledge, the first network meta-analysis
(NMA) comparing the efficacy and safety of clearly defined monotherapy and com-
bination antibiotic regimens for S. maltophilia infections. Materials and methods: A
systematic search of PubMed, Cochrane Library, Web of Science, and ClinicalTrials.gov
(inception to January 2026) identified eligible randomized-controlled studies and ret-
rospective studies. Data were analyzed using a frequentist random-effects NMA with
TMP/SMX as the reference. Evaluated regimens included TMP/SMX, fluoroquinolone
(FQ), minocycline (MIN), TMP/SMX + FQ, TMP/SMX + MIN, FQ + MIN and FQ + other.
Primary and secondary outcomes were all-cause mortality, clinical cure, and adverse ef-
fects. Results: Thirteen retrospective studies encompassing 2980 patients were included.
Using TMP/SMX as the reference, network meta-analysis demonstrated heterogeneity
in all-cause mortality across antimicrobial regimens. FQ and MIN monotherapies were
associated with lower odds of mortality (effect sizes: 0.65, 95% CI: 0.49-0.85 and 0.50, 95%
CI: 0.28-0.90), whereas combination therapy with TMP/SMX plus FQ was associated
with higher mortality (effect size: 2.93, 95% CI: 1.18-7.31). Treatment ranking based on
effect sizes suggested more favorable mortality profiles for MIN and FQ regimsens. No
significant differences were observed in clinical cure, while FQ was associated with a
lower incidence of adverse effects compared with TMP /SMX. Conclusions: This network
meta-analysis suggests that FQ and MIN monotherapies may be associated with more
favorable survival and tolerability compared with TMP/SMX monotherapy. No clear
differences were observed for combination therapy relative to other active monotherapy
options. Prospective randomized studies are required to validate these observations and
to better inform the management of S. maltophilia infections.

Keywords: Stenotrophomonas maltophilia; mortality; fluoroquinolone; minocycline; combination
therapy

1. Introduction

Stenotrophomonas maltophilia is a non-fermenting, Gram-negative bacillus that has
emerged as a clinically relevant pathogen in modern healthcare settings, particularly in
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hospitalized and critically ill patients. It is widely distributed in soil, water, and hospital
environments, with a strong propensity to colonize aqueous systems, ventilator circuits, and
indwelling medical devices [1]. The organism has become an important cause of nosocomial
infections, particularly among immunocompromised hosts, critically ill patients receiving
prolonged mechanical ventilation, and those exposed to broad-spectrum antimicrobials.
Global surveillance programs have demonstrated an increasing incidence of S. maltophilia
in intensive care and oncology units, where it now ranks among the leading non-fermenters
isolated from bloodstream and respiratory tract infections [2,3]. Reported mortality rates
for S. maltophilia bacteremia and pneumonia range from 20% to 60%, reflecting both the
vulnerability of affected patients and the lack of optimal therapy [4].

The management of S. maltophilia infection is challenging because of its remarkable
intrinsic and acquired resistance mechanisms. The organism produces two chromosomally
encoded B-lactamases L1, a metallo-f-lactamase, and L2, a serine S-lactamase that confer
broad resistance to S-lactams and carbapenems [5]. In addition, multidrug efflux pumps,
reduced outer membrane permeability, and plasmid mediated resistance genes contribute
to its multidrug resistant phenotype [6]. As a result, empiric treatment is often inadequate
until susceptibility data become available. Trimethoprim-sulfamethoxazole (TMP/SMX) re-
mains the historical drug of choice and is recommended as first-line therapy for susceptible
isolates. Nevertheless, increasing resistance rates ranging from 10% to 30% globally have
been reported [7]. Resistance is mediated by mutations in folA and folP or by acquisition
of sull/sul2 genes [8]. Moreover, intolerance related to bone-marrow suppression, rash,
and renal toxicity frequently limits its use in severely ill or hematologic patients. Among
alternatives, fluoroquinolones (FQ) such as levofloxacin and moxifloxacin display variable
activity, though resistance can emerge rapidly via gyrA and parC mutations [9]. Minocy-
cline (MIN) demonstrates potent in vitro activity, including against TMP /SMX resistant
isolates, and several retrospective studies have shown comparable or superior clinical out-
comes [10]. Tigecycline and doxycycline have been utilized as adjunctive options, though
their low serum concentrations limit efficacy in bacteremia. More recently, cefiderocol, a
novel siderophore cephalosporin, has shown potent activity against multidrug resistant
S. maltophilia, but clinical experience remains limited [11].

The role of combination therapy in the management of S. maltophilia infections
remains controversial, largely owing to the absence of randomized evidence and the
heterogeneity of available observational data. For isolates susceptible to at least one
active agent, targeted monotherapy is generally considered sufficient; nevertheless,
combination regimens are frequently employed in critically ill patients or during empiri-
cal treatment when susceptibility results are pending. Although in vitro studies have
demonstrated synergistic activity for combinations such as TMP/SMX with ticarcillin-
clavulanate, MIN with FQ, or B-lactams with tetracyclines, translation of these findings
into consistent clinical benefit has been limited [12]. In a large multicenter cohort of 307
patients with S. maltophilia pneumonia, combination therapy, most commonly TMP/SMX
plus a FQ was not associated with improved 30-day survival in the overall population, al-
though lower mortality was observed in selected subgroups, including immunocompro-
mised patients and those with severe disease [13]. In addition, other large retrospective
studies focusing on critically ill patients with hospital-acquired or ventilator-associated S.
maltophilia pneumonia reported no significant differences between combination therapy
and monotherapy with respect to in-hospital mortality, clinical response, or microbio-
logical eradication [14]. Notably, one study observed higher 30-day all-cause mortality
in patients receiving combination regimens, a finding most likely attributable to con-
founding by indication, as dual therapy was preferentially prescribed to patients with
greater illness severity [15]. Collectively, these findings underscore the substantial im-
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pact of baseline severity and treatment selection bias on observed outcomes and limit
the interpretability of direct regimen to regimen comparisons.

In this context, network meta-analysis offers a structured approach to synthesizing
88 fragmented and heterogeneous evidence across multiple treatment strategies; how-
ever, such comparisons are inherently indirect and represent an artificial construct that
may not fully reflect real-world clinical decision-making. Accordingly, results derived
from NMA should be interpreted as comparative signals rather than causal estimates.
Therefore, the primary objective of the present study was to systematically evaluate the
comparative effectiveness and safety of different antimicrobial regimens, specifically
monotherapy versus combination therapy, across major clinical outcomes including
mortality, clinical cure, and adverse events in patients with S. maltophilia infections. By
integrating both direct and indirect evidence, our network meta-analysis aims to pro-
vide a structured comparative framework and relative ranking of treatment strategies,
offering contextualized evidence to support clinical judgment in the management of
S. maltophilia infections.

2. Materials and Methods

This study followed the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) extension for network meta-analysis (PRISMA-NMA) guidelines [16].
The study protocol was prospectively registered on the International Platform of Registered
Systematic Review and Meta-analysis Protocols (INPLASY) under registration number
INPLASY2025120093 [17]. As all data were derived from previously published studies,
ethical approval and informed consent were not required.

2.1. Database Searches and Study Identification

Two reviewers (M.-Y.A. and W.-L.C.) independently searched PubMed, Cochrane Re-
views, Cochrane Central Register of Controlled Trials (CENTRAL), Web of Science, and Clin-
icalTrials.gov for relevant studies. The search strategy used the terms (“Stenotrophomonas
maltophilia®) AND (“mortality”). All studies published from database inception to
31 January 2026, were considered. Titles and abstracts were independently screened to
determine eligibility, with disagreements resolved through consensus or consultation with
a third reviewer. No language restrictions were applied.

2.2. Inclusion and Exclusion Criteria

The network meta-analysis was designed according to the PICO (Population, Inter-
vention, Comparison, and Outcome) framework, which defined the study scope as follows:
(1) Population (P): Human adult patients diagnosed with Stenotrophomonas maltophilia
infection who received either monotherapy or combination antibiotic therapy. (2) Inter-
vention (I): Patients treated with monotherapy or combination regimens composed of
agents recommended for S. maltophilia infections specifically FQ, TMP/SMX, minocycline,
ceftazidime, or cefiderocol based on their established antimicrobial activity against this
pathogen. (3) Comparison (C): TMP/SMX monotherapy was used as the reference regimen.
(4) Outcome (O): All-cause mortality, clinical cure, and adverse effects.

The inclusion criteria were as follows: (1) randomized controlled trials (RCTs), retro-
spective, or prospective studies involving patients with confirmed S. maltophilia infection
who received antibiotic treatment; (2) studies with a minimum follow-up duration of one
week; and (3) studies that explicitly reported at least one predefined outcome namely,
all-cause mortality, clinical cure, or adverse effects. The primary outcome for assessing an-
timicrobial effectiveness was all-cause mortality, defined as death from any cause occurring
within approximately 7 to 30 days of treatment initiation. The secondary outcomes included
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clinical cure, defined as the complete resolution of infection-related signs and symptoms
at the end of therapy, and adverse effects, referring to any drug-related complications
reported during the study period.

Studies were excluded if they met any of the following criteria: (1) case reports;
(2) studies without confirmed S. maltophilia culture results and susceptibility; (3) studies
lacking a clear diagnosis of S. maltophilia infection; (4) absence of infection site information;
(5) concurrent infections caused by other Gram-positive cocci or other Gram-negative bacilli;
(6) use of antimicrobial agents not recommended for S. maltophilia treatment (i.e., agents
other than TMP/SMX, FQ, minocycline, ceftazidime, or cefiderocol); (7) incomplete or
inaccessible outcome data despite attempts to contact the authors; or (8) overlapping patient
populations already included in other eligible studies.

2.3. Modeling for Network Meta-Analysis

To ensure methodological consistency and minimize variability in our analytical
model, this network meta-analysis was conducted according to predefined guidelines.
Pairwise comparisons were restricted to evaluating different antimicrobial regimens
for the treatment of Stenotrophomonas maltophilia infections. All infection sites caused
by S. maltophilia were included to comprehensively assess the comparative efficacy
and safety of various therapeutic options. However, studies lacking pathogen spe-
cific outcome data were excluded to avoid confounding and maintain the integrity of
the analysis [18].

2.4. Methodological Quality Appraisal

To assess the methodological quality of the included studies, we applied the Newcastle-
Ottawa Scale (NOS) for non-randomized studies [19]. This tool evaluates study quality
across three key domains: the selection of study participants, the comparability of study
groups, and the validity of outcome assessment. Each study was awarded up to nine points,
with higher scores indicating better methodological quality.

2.5. Primary Outcome

In this study, the primary outcome was overall mortality among patients with
Stenotrophomonas maltophilia infection. Treatment regimens were defined as the use of
one or more antibiotics with documented activity against S. maltophilia. We further com-
pared the effectiveness of different antimicrobial therapies based on all-cause mortality and
clinical cure across various treatment strategies.

To address heterogeneity in outcome definitions across included studies, we conducted
prespecified subgroup analyses stratified by the timing of mortality assessment. Studies
were categorized according to reported mortality endpoints, including short-term mortality
(30-day mortality) and in-hospital mortality, and network meta-analyses were repeated
within each subgroup using the same frequentist random-effects framework as the primary
analysis. In addition, a prespecified subgroup was performed among studies exclusively
including patients with S. maltophilia bloodstream infections (BSI), applying the same
analytical framework.

2.6. Secondary Outcomes

The secondary outcomes of this study were clinical cure and adverse effects associated
with different antibiotic regimens. These analyses aimed to compare the efficacy and safety
profiles of each antimicrobial treatment by assessing clinical cure rates and the incidence of
adverse events across various therapeutic strategies.
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2.7. Data Extraction, Management, and Conversion

Two authors (M.-Y.A. and W.-L.C.) independently conducted data extraction. The
collected information included study design, patient demographics, intervention details,
and data on both primary and secondary outcomes. All processes related to data extraction,
transformation, and synthesis were performed in accordance with the recommendations
of the Cochrane Handbook for Systematic Reviews of Interventions and other relevant
methodological references [20].

2.8. Statistical Analyses

Given the variability among the included studies, a random-effects model was applied
for the network meta-analysis. All analyses were conducted within a frequentist statistical
framework using Metalnsight (version 4.0.2; Complex Reviews Support Unit, National
Institute for Health Research, London, UK), a web-based platform for network meta-
analysis that utilizes the netmeta package in R.

Initially, forest and network plots were generated to visualize pairwise comparisons
among studies. Additional forest plots were constructed to estimate odds ratios for mortal-
ity, clinical cure, and adverse effects, using TMP/SMX as the reference group. Effect sizes
were reported as point estimates with corresponding 95% confidence intervals (95% CI).

Each regimen was ranked based on its relative efficacy and safety, and both direct and
indirect comparisons were summarized in tabular form. Inconsistency analyses were per-
formed to identify potential discrepancies within the network. A two-tailed p value < 0.05
was considered statistically significant.

2.9. Sensitivity Analysis

To enhance the robustness of our findings, a one study removed sensitivity analysis
was conducted. In this approach, each study was sequentially excluded to determine
whether any single study had a disproportionate impact on the overall results. By sys-
tematically omitting each study from the analyses of all-cause mortality, clinical cure, and
adverse effects, we evaluated the stability of the pooled estimates and the consistency of
treatment rankings.

2.10. Publication Bias

Potential publication bias was evaluated in accordance with the recommendations of
the Cochrane Handbook for Systematic Reviews of Interventions [21]. Funnel plots were
generated using Comprehensive Meta-Analysis software (version 4; BioStat, Englewood,
NJ, USA) to visually inspect asymmetry, focusing on comparisons against the TMP /SMX
reference group. In addition, Egger’s regression test was applied to quantitatively assess
the presence and magnitude of publication bias.

3. Results
3.1. Study Identification and Network Model Formation

Figure 1 illustrates the PRISMA flowchart summarizing the literature search process.
The PRISMA-NMA extension checklist is provided in Supplementary Table S1. After
removing duplicate records and excluding studies unrelated to our research based on title
and abstract screening, a total of 13 studies [22-34] were included in the final analysis. All
included studies were retrospective in design.
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Records identified through Records identified through
database searching (n=1152) registry or other sources (n=21)

Records identified (n=1079)

Duplicated records excluded (n=591)
Removed for other reasons (n=12)

Records after duplicates
removed (n=476)
Excluded by title and abstract (n=412)
Full-text articles assessed

for eligibility (n=64) No single regiment outcome (n=46)
T Protocol only (n=1)
Overlapping population (n=1)
Studies included in Incomplete data (n=3)

qualitative synthesis (n=13)

Studies included in
meta-analysis (n=13)

Figure 1. PRISMA flowchart.

In total, 13 retrospective studies comprising 2809 participants were included in our
analysis. The evaluated treatment regimens were TMP/SMX, MIN, FQ, TMP/SMX + FQ,
TMP/SMX + MIN, FQ + MIN, and FQ + other. Figure 2 depicts the network model
illustrating the comparisons among these regimens, and detailed inclusion criteria and
study characteristics are summarized in Table 1.

Fluoroquinolone

Other
Fluoroquinolone

Minocycline

Minoeyeline
Fluoroguinolone

TMP SMX

TMP SMX

MIN
TMP_SMX

Fluoroquinolone

Figure 2. The network plots depict the comparative effects of various treatment regimens for
Stenotrophomonas maltophilia infections on all-cause mortality and adverse effects. The size of each
node represents the number of patients or studies included for each treatment, while the thickness of
each connecting line indicates the number of direct comparisons between regimens.
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Table 1. Summary of included studies reporting clinical outcomes including all-cause mortality, clinical cure, adverse effects of different regimens used to treat

Stenotrophomonas maltophilia.

First Author & Study Type of . 1 Age, . . . . Adverse Clinical Severity of Illness at Time of
Year Country Infection Study Population (Mean + SD) Participants in Nodes (N) Study Type Mortality (N) Effects (N) Cure (N) Culture
W 73+£15 SXT: 27 Retrospective SXT: 6 SXT: 17 Not reported
ang - 61% . ¢ FQ: 16 3
2014 [22] USA Mixed Adults Male: 61% FQ: 52 Single center (30 days) Not reported FQ: 27
. SXT: 2
Hand Adults Male: 479 SXT: 49 (8-84) SXT: 22 Retrospective MIN: 2 Not reported
2016 [23] USA Mixed : MIN: 54 (18-81) MIN: 23 Single center (30 days) Not reported Not reported
Araoka BSIand Adults - . . Retrospective SXT:2 SXT + FQ: 7 Not reported
2017 [24] Japan Pneumonia SXT: 6 SXT + FQ: 14 Single center (30 days) Not reported Not reported
Eb South MIN: 10 Retrospecti Mg Not reported
ara ou 40 - : etrospective FQ: 8 ot reporte:
- Adults Male: 64% :
2017 [25] Korea BSI s Male: 64% FQ: 15 Multi-center (90 days) Not reported Not reported
. SXT: 10
Watson Adults Male: 48% 51.4 SXT: 32 Retrospective FQ: 3 SXT: 2 APACH II score: SXT: 16 (11-19)
2018 [26] USA BSI s e FQ: 22 Single center (In-hospital) FQ:1 Not reported FQ: 12 (11-16)
SXT:7
63 (51-70) SXT: 45 Retrospective . SXT: 3 APACHE II score: SXT: 18 (14-24)
Nys 2019 [27 : 549 . FQ: 4
ys 2019 [27] USA Mixed Adults Male: 54% FQ: 31 Single center (28 days) FQ: 0 Not reported FQ: 14 (11-20)
Junco dul e 619 59.6 + 18.0 SXT: 217 i,lxg\]% SXT: 20 SXT: 213 APACHE II score: SXT: 19.8 + 9.2
2021 [28] ) Adults Male: 61% MIN: 39 Retrospective FQ: 2 MIN: 1 MIN: 37 MIN: 19.5 + 10.4
Usa Mixed FQ: 28 Multi-center (30 days) FQ: 0 FQ: 26 FQ: 154 +81
. . B . . SXT: 108 SOFA score, median (IQR): SXT:
Sy FZS;T usa  pBand s Male: 57% s;g X ((5331_7762)) S;gg;f Retrospective FQ:87 Notreported  Not reported 20 (0.0-4.0)
’ ’ (In-hospital) FQ: 1.0 (0.0-4.0)
. . . SXT:9
Hevia Mixed Adults Male: 58% 71 (61-78) SXT: 82 Retrospective MIN: 2 SXT: 0 SXT: 6 APACH II score: SXT: 12 (9.5-15.5)
2023 [30] USA except UTI s Viater 967 MIN: 11 Single center (In-hospital) MIN: 1 MIN: 55 MIN: 13 (11-18.8)
SXT: 4
Cur Adults Male: 62.6% 54 (42-64) SXT: 41 FQ: 4 APACHE-TI score: Monotherapy 3:
2025 [?’2] FQ: 43 R . MIN: 2 FQ + MIN: 5 FQ + 15 (11-19)
- MIN: 15 FQ + MIN: 31 FQ + etrospective SXT: 10 SXT + MIN: 3 Combination : 16 (13-20)
USA BSI SXT: 30 SXT + MIN: 30 Single center (30 days) Not reported Not reported
SXT: 23
Graves Adults Male: 61% 64.75 SXT: 48 Retrospective MIN: 10 SXT: 24 SXT: 35 SOFA score: SXT: 7 (4-10)
2025 [31] USA Pneumonia s Viale: 617 MIN: 45 Single center (In-hospital) MIN: 18 MIN: 30 MIN: 7 (6-11)
Zappulo 1o 63 (55-73) 2 SXT: 33 Retrospective SXT: 12 Sepsis: 42%
2025 [33] Ttaly BSI Adults Male: 61% FQ + other °: 10 Single center FQ + other °: 4 (30 days) Not reported Not reported
SXT: 35
) ) 715 (59-81) SXT: 97 Retrospective FO: 23 SXT: 25 SXT: 58 APACHE 1II score: SXT: 21 (15-26)
Chen2026[34] .. B Adults Male: 67.3% FQ: 129 Single center (30%ays) FQ: 4 FQ: 105 FQ: 18 (13-22)

! The mean age, along with its standard deviation, is reported in years as the unit of measurement. > Median age (years, IQR). 3 SXT or FQ or MIN regimen. 4 FQ + MIN or FQ + SXT or SXT +
MIN regimen. ® Tigecycline or cefiderocol. CEF: Ceftazidime, USA: United States of America, BSI: Bloodstream Infection, UTI: Urinary Tract Infection, SXT: Trimethoprim /sulfamethoxazole,
FQ: Fluoroquinolone, MIN: Minocycline, APACHE II: Acute Physiology and Chronic Health Evaluation II, SOFA score: sequential organ failure assessment.
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3.2. Methodological Quality of the Included Studies

The methodological quality assessment of the included studies is summarized in
Supplementary Table S2. Studies identified as having a potential risk of bias showed
variations in study protocols among different groups, which may have influenced treatment
adherence and, consequently, the reported outcomes.

3.3. Primary Outcome: All-Cause Mortality

Using TMP/SMX as the reference regimen, network meta-analysis demonstrated
significant differences in mortality across treatment strategies (Figure 3). FQ monotherapy
was associated with a significantly lower odds of mortality compared with TMP/SMX
(effect size: 0.65, 95% CI: 0.49-0.85), as was MIN monotherapy (effect size: 0.50, 95%
CI: 0.28-0.90). Combination therapy with TMP/SMX + MIN did not show a statistically
significant difference in mortality relative to TMP/SMX alone (effect size: 0.69, 95% CI:
0.18-2.70). Regimens combining TMP/SMX with FQ were associated with higher mortality
compared with TMP/SMX (effect size: 2.93, 95% CI: 1.18-7.31), while FQ + MIN combina-
tion therapy and FQ-based regimens with other agents showed no significant differences
(effect size: 1.19, 95% CI: 0.37-3.82; effect size: 1.17, 95% CI: 0.27-5.03).

Comparison: other vs 'TMP_SMX'

Treatment (Random Effects Model) OR  95%-CI
1_TMP_SMX_Fluoroquinolone ——2.93 [1.18; 7.31]
2_Fluoroquinolone_Minocycline ' 1.19 [0.37; 3.82]
3 Fluoroquinolone Other = 1.17 [0.27; 5.03]
4 TMP_SMX_Minocycline ' 0.69 [0.18; 2.70]
5 Fluoroguinolone - 0.65 [0.49; 0.85]
6_Minocycline — 0.50 [0.28; 0.90]

r T T |

0.1 05 1 2 5

Figure 3. Forest plots presenting the odds ratios (ORs) for all-cause mortality among various treatment
regimens evaluated for Stenotrophomonas maltophilia infections.

Based on the effect size for reducing mortality, antimicrobial regimens were ranked in
order of performance, with MIN showing the greatest reduction in mortality, followed by
FQ and the TMP/SMX + FQ combination. A complete ranking of all evaluated regimens is
provided in Table 2 and Figure 4.
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Table 2. Pairwise comparisons and ranking of mortality associated with different regimens used to treat Stenotrophomonas maltophilia.

TMP/SMX +
Fluoroquinolone

2.60 [0.76, 8.94]

3.61[1.22,10.71]

450 [1.08, 18.72]

4.88[1.34,17.74]

3.25[0.61, 17.45]

2.46 [0.74, 8.21]

Fluoroquinolone +

Minocycline

1.78 [0.43, 7.35]

1.73 [0.37, 8.07]

1.88[0.45, 7.73]

1.25[0.21, 7.41]

2.51[0.45, 14.09]

1.02 [0.16, 6.62]

Fluoroquinolone +

Other

1.17 [0.27, 5.03]

2.93[1.18,7.31]

1.19[0.37, 3.82]

1.17[0.27, 5.03]

TMP/SMX

0.97 [0.20, 4.76]

1.54[1.17, 2.02]

1.89[1.01, 3.55]

4.25[1.05, 17.26]

1.73[0.37, 8.07]

1.69 [0.23, 12.48]

1.45 [0.37, 5.67]

TMP/SMX +
Minocycline

1.08 [0.22, 5.29]

0.72[0.11, 4.91]

4.54 [1.80, 11.45]

1.85[0.57, 5.95]

1.81[0.41, 7.98]

1.55[1.18, 2.03]

1.07 [0.27, 4.19]

Fluoroquinolone

1.20[0.42, 3.39]

5.83[2.08, 16.33]

2.37[0.68, 8.28]

2.32[0.48, 11.19]

1.99 [1.11, 3.56]

1.37[0.33, 5.77]

1.28 [0.69, 2.39]

Minocycline
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Summary Forest Plot

1_TMP_SMX_Fluoroquinolone 246 251 293 425 454 583

(074 10821) (0.4510 14.09) (1.18107.31) (1.051017.26) (18010 11.45) (20810 16.33)

2 Fluoroquinolane._Minocycline 102 119 173 185 297

— iewss 0s7038) (0371080 570599 wso00an;
Rk

3_Fluoroquinolone_Other 147 168 181 232

|}_..4__+| }}“._—‘H (02710503 (02310 12.48) (041 t07.98) (04810 11.19)
Pk -3

THP_SWX 145 155 190

- ey —— (a7 567 (11810200 (11110356
Rk -4

4_TMP_SWX_Minoeycline 107 187

} | f i } | } { (027104.19) (033105.77)
Rk -5
I

5_Fluoroquinclone 128

M\ Q}ﬁw...mh }}.ﬁw—“ H ﬁ.ﬁﬁ..—r_h (0.6910 2.39)
Pk -6
|
f
&_Minocycline
= = | i =t 4
Rark -7
=

Key: MM resuits in black; Pairvise WA resulain grey, 95% confidence inerval preseried as error bars,
Inientans ara rankes s sorid by SUGRA Vas.

Figure 4. Network meta-analysis-based treatment ranking and relative hierarchy of antimicrobial
regimens for mortality in Stenotrophomonas maltophilia infections.

3.4. Subgroup Analyses by Mortality Endpoint and Infection Site

In the prespecified subgroup analysis restricted to studies reporting 30-day mor-
tality, comparative effectiveness across antimicrobial regimens remained heterogeneous
(Figure S1). Using TMP/SMX as the reference, FQ monotherapy was associated with a
significantly lower odds of 30-day mortality (effect size: 0.59, 95% CI: 0.37-0.94). MIN
monotherapy showed a numerically lower odds of mortality, although this did not reach
statistical significance (effect size: 0.62, 95% CI: 0.23-1.65). Combination therapy with
TMP/SMX + MIN was not associated with a significant difference in 30-day mortality
compared with TMP/SMX alone (effect size: 0.69, 95% CI: 0.17-2.77). In contrast, regimens
combining TMP/SMX with FQs were associated with higher 30-day mortality relative to
TMP/SMX (effect size: 2.93, 95% CI: 1.14-7.52). No significant differences were observed
for FQ + MIN combination therapy or FQ-based regimens with other agents.

The in-hospital mortality subgroup analysis included four studies and was limited to
FQ and MIN monotherapy, as no studies evaluating combination regimens were available.
Compared with TMP/SMX, neither FQ nor MIN monotherapy was associated with a
statistically significant difference in in-hospital mortality (effect size: 0.57, 95% CI: 0.20-1.61
and effect size: 0.57, 95% CI: 0.17-1.94) (Figure S2).

The BSI subgroup analysis included five studies (Figure S3). Compared with
TMP /SMX, FQ monotherapy was associated with a significantly lower odds of mortality
(effect size: 0.44, 95% CI: 0.26-0.74), whereas MIN monotherapy showed no statistically
significant difference (effect size: 0.49, 95% CI: 0.14-1.67). No significant differences were
observed for combination regimens in this subgroup.
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3.5. Secondary Outcome: Clinical Cure and Adverse Effects

Regarding clinical cure, both MIN and FQ regimens showed no significant difference
compared with the TMP/SMX regimen, with effect sizes of 0.68 (95% CI: 0.14-3.25) and
0.95 (95% CI: 0.28-3.27), respectively (Figure 5). Full effect size rankings are presented in

Supplementary Table S3.
Comparison: other vs 'TMP_SMX'
Treatment (Random Effects Model) OR 95%-ClI
Fluoroquinolone : 0.95 [0.28; 3.27]
Minocycline ; 0.68 [0.14; 3.29]
I | | I
0.1 0.5 1 2 5

Figure 5. Forest plots showing the odds ratios (ORs) for clinical cure among different treatment
regimens evaluated for Stenotrophomonas maltophilia infections.

Adverse effects were compared across the evaluated regimens. FQ demonstrated
a significantly lower incidence of adverse events compared with TMP/SMX (effect size:
—0.09; 95% CI: —0.17 to —0.01). MIN also showed a lower rate of adverse effects than
TMP/SMX, although the difference was not statistically significant (effect size: —0.04; 95%
CIL: —0.15 to 0.06) (Figure 6). The complete ranking of regimens by adverse effect profile is
provided in Supplementary Table S4.

Comparison: other vs 'TMP_SMX'

Treatment (Random Effects Model) RD 95%-ClI

Fluoroquinolone = -0.09 [-0.17; -0.01]

Minocycline : -0.04 [-0.15; 0.06]
| | | | | |

-0.2-0.15-0.1-0.05 0 0.05 01

Figure 6. Forest plots showing the odds ratios (ORs) for adverse effects among different therapeutic
regimens used in the management of Stenotrophomonas maltophilia infections.

Detailed results of the direct pairwise comparisons among the included studies are
presented in Supplementary Figures 54-56.

3.6. Inconsistency Test

A network model was established in which each node represented a specific treatment
regimen, enabling both direct and indirect comparisons. Inconsistency testing for all-cause
mortality produced p-values > 0.05, indicating no significant inconsistencies within the
network. Detailed inconsistency analyses for all-cause mortality, clinical cure, and adverse
effects are presented in Supplementary Tables S5-57.

3.7. Sensitivity Analyses

The one study removed sensitivity analysis confirmed the robustness of the treatment
rankings. MIN and FQ consistently remained significantly associated with lower all-cause
mortality across all analytical models (Supplementary Figure S7). Additional sensitivity
analyses for clinical cure and adverse effects are presented in Supplementary Figures S8 and S9.

3.8. Publication Bias

The funnel plot is presented in Supplementary Figure S10. Egger’s regression test
produced a p-value of 0.516, indicating no significant evidence of publication bias.
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4. Discussion

Stenotrophomonas maltophilia remains a formidable therapeutic challenge because of
its intrinsic resistance (L1/L2 B-lactamases, multidrug efflux pumps, biofilm formation)
and the paucity of randomized trials to guide agent selection. Against this backdrop, our
network meta-analysis provides, to our knowledge, the first comparative effectiveness
synthesis that simultaneously estimates direct and indirect treatment effects across both
monotherapies and explicitly defined drug combinations used for S. maltophilia infections.
By restricting the analytic network to regimens with clear, single pathogen attribution
(i.e., monotherapy or combination therapy directed at S. maltophilia alone) and excluding
studies with ill defined “combination” exposure (e.g., mixed, non-standard multi-drug
backbones or unclear co-administered agents targeting other pathogens), we substantially
reduced exposure misclassification and pharmacologic heterogeneity that have clouded
prior conventional meta-analyses and narrative reviews [1]. This design choice enhances in-
ternal validity and strengthens inference about how specific agents or specific combinations
affect mortality in real-world care.

Several observations warrant consideration. First, FQ and MIN monotherapies were
associated with lower mortality compared with TMP/SMX, the historical standard of
care. Levofloxacin and moxifloxacin achieve high epithelial lining fluid concentrations and
robust area-under-the-curve (AUC) to MIC ratios in the lung, the most common site of S.
maltophilia infection, supporting superior target-site exposure compared with TMP/SMX in
pneumonia [35,36]. Minocycline’s lipophilicity, extensive tissue penetration, and sustained
post-antibiotic effects likewise favor efficacy in pulmonary foci; in vitro susceptibility fre-
quently exceeds 90-95% in many collections [37,38], and clinical cohorts have reported
outcomes comparable or superior to TMP/SMX [39]. In contrast, TMP/SMX’s performance
may be attenuated by rising resistance mediated by sull1/sul2 and dfrA determinants and
by fitness cost compensating mutations that reduce drug target binding [40,41]. Moreover,
TMP /SMX’s toxicity profile renal dysfunction, hyperkalemia, marrow suppression, and
hypersensitivity can constrain dose optimization and continuity of therapy, particularly in
the critically ill [42]. Our safety analyses echo this experience: compared with TMP/SMX,
alternative regimens generally exhibited fewer adverse events, a pattern consistent with
prior observational data [43]. While this association is consistent with known pharma-
cokinetic and pharmacodynamic characteristics of these agents, it should be interpreted
cautiously given the observational nature of the included studies.

Second, we observed no mortality trend change with the TMP/SMX + MIN, FQ +
TMP/SMX and FQ + other combination versus TMP/SMX alone. Two non-exclusive expla-
nations likely apply. Clinically, the combination may confer additive or modest synergistic
killing (supported by in vitro checkerboard and time-kill signals with TMP/SMX plus
levofloxacin in selected isolates) and may reduce on-therapy resistance emergence [44].
Methodologically, several included comparisons were underpowered; credible intervals
were wide, suggesting that a moderate but real effect could be obscured by limited sam-
ple size and event counts. Our network framework by borrowing strength across loops
mitigates but cannot fully erase imprecision when the underlying evidence base is small.
In contrast, the higher mortality observed with TMP/SMX + FQ likely reflects residual
confounding by indication rather than a true detrimental treatment effect. Across sev-
eral contributing cohorts, dual therapy was preferentially prescribed to patients with
greater baseline severity, including higher illness scores, septic shock, or refractory infec-
tion, prompting escalation in response to perceived treatment failure or elevated mortality
risk. Although our random-effects network meta-analysis partially accounts for between
study heterogeneity, incomplete adjustment for baseline severity and the timing of ther-
apy escalation may bias effect estimates against combination regimens. Notably, similar
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directional trends were observed in subgroup analyses restricted to 30-day mortality, fur-
ther supporting the likelihood of treatment selection bias rather than a causal association.
Consequently, the observed association and the lack of statistical significance should be
interpreted as hypothesis-generating and not as evidence of harm from TMP/SMX + FQ
combination therapy.

Escalation to triple therapy (MIN + TMP/SMX + FQ) associated with no mortality
benefit in previous study [45]. This aligns with pharmacodynamic reasoning: once two
active agents with complementary mechanisms saturate target engagement and suppress
high-frequency resistant subpopulations, a third agent with overlapping spectrum may
add toxicity without increasing net bacterial kill [46-48]. Clinically, expanding beyond two
drugs risks drug—drug interactions, cumulative adverse effects (electrolyte disturbances, QT
prolongation, hepatotoxicity), and adherence or administration complexity costs unlikely
to be repaid by improved outcomes in the absence of synergy [49]. Taken together, the
available evidence does not support a routine role for triple therapy in the management of
S. maltophilia infections. Its use, if considered, may be limited to selected salvage situations
involving documented multi-class resistance, with careful attention to toxicity and close
clinical monitoring.

Given the high prevalence of phenotypic resistance to ceftazidime among contem-
porary S. maltophilia isolates and the availability of more active intravenous alternatives,
ceftazidime conferred no mortality benefit compared with TMP/SMX in previous study. Its
use should therefore be limited to situations in which in vitro susceptibility is unequivocally
documented and no preferable therapeutic options are available [4]. In several cohorts,
ceftazidime was more likely to be prescribed in earlier treatment eras, in the absence of
alternative agents [50].

Several novel antimicrobial agents with in vitro activity against S. maltophilia have
recently emerged, including cefiderocol and combinations incorporating B-lactamase in-
hibitors with expanded spectra [51]. These agents offer theoretical advantages by circum-
venting established resistance mechanisms, such as intrinsic f-lactamase production and
efflux-mediated resistance, and have shown encouraging microbiological activity in surveil-
lance studies and selected clinical reports [52]. However, clinical evidence supporting their
use in S. maltophilia infections remains limited. To date, there are no pathogen-specific
randomized controlled trials, and available observational data are sparse, heterogeneous,
and often restricted to small case series or mixed-pathogen cohorts. Consequently, the
current evidence base is insufficient to support robust comparative analyses. As a result,
these novel agents could not be incorporated into the present network meta-analysis, under-
scoring an important evidence gap and the need for future well-designed studies focused
specifically on S. maltophilia.

Site of infection nuance remains critical. In our study, most included cases involved
bloodstream infections (BSI) and pneumonia, which together represented the predom-
inant infection sites. Pharmacologic considerations suggest that regimen performance
may differ across infection types. In pneumonia, FQ and MIN achieve higher lung expo-
sure than TMP/SMX, a pharmacokinetic consideration that may be relevant to treatment
selection [35-37]. In urinary tract infection, TMP/SMX’s high urinary concentrations might
retain parity or superiority when isolates are susceptible [53]. In bacteremia, where bacterial
inocula are typically higher, combination therapy may be hypothesized to reduce the risk
of resistance emergence; however, in the present analysis this was reflected only as a non-
significant trend toward higher mortality with TMP/SMX + FQ and should be interpreted
cautiously. In our study, a prespecified subgroup analysis restricted to bloodstream infec-
tions was performed to explore whether this pattern differed by infection type. However,
the direction and magnitude of the associations observed in the bacteremia subgroup were
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broadly similar to those of the overall analysis, and no statistically significant differences
were identified. Further studies incorporating stratification by infection type, standardized
outcome definitions, and pharmacokinetic assessment are needed to better inform optimal
dosing and comparative effectiveness.

Resistance stewardship is integral. Global surveillance indicates rising TMP/SMX
resistance [40] and variable but concerning trends for FQ and MIN resistance via gyrA/parC
mutations, overexpressed RND efflux systems, or tetB-mediated efflux and ribosomal
protection [54]. Novel agents deserve investigation. While cefiderocol exhibits in vitro
activity against S. maltophilia, clinical signals are mixed and may be syndrome-dependent;
aztreonam-avibactam plus cefiderocol or MIN combinations are under exploration [11].
Rigorous pathogen specific trials are urgently needed.

Adverse events warrant careful consideration. In our analysis, FQ and MIN regi-
mens were associated with fewer reported toxicities compared with TMP/SMX. However,
each alternative agent carries distinct safety concerns: FQ have been associated with QT
prolongation, tendinopathy, and central nervous system effects, whereas MIN may cause
vestibular symptoms, hyperpigmentation, and, rarely, hepatotoxicity [55]. Accordingly,
treatment selection should account for patient-specific factors, including renal function,
concomitant medications, arrhythmia risk, pregnancy status, and the feasibility of oral
step-down therapy.

Our work differs from earlier syntheses in several important methodological as-
pects. First, this study applies a network meta-analysis framework to a prespecified
set of S. maltophilia regimens, allowing both direct and indirect comparisons while ac-
counting for between study heterogeneity through a random-effects model. Second, in
contrast to prior meta-analyses that grouped heterogeneous “combination therapy” arms,
we restricted inclusion to monotherapies or combinations explicitly directed at S. mal-
tophilia (e.g., TMP/SMX + FQ) and excluded regimens involving additional agents tar-
geting copathogens. This approach was intended to reduce treatment misclassification,
improve pharmacologic coherence, and enhance the interpretability of comparative es-
timates. Third, to our knowledge, this analysis is among the first to examine mortality
outcomes associated with specific drug combinations for S. maltophilia across different
infection types. Collectively, these features provide a more granular and transparent com-
parison of clearly defined regimens, while acknowledging the inherent limitations of the
underlying observational evidence.

Several important limitations should be acknowledged when interpreting the findings
of this network meta-analysis. First, comparisons derived from NMA are inherently
indirect and represent an artificial construct that may not fully reflect real-world clinical
decision-making or causal treatment effects. Second, most contributing studies were
retrospective observational cohorts, which are susceptible to confounding by indication
and disease severity, as treatment selection was often influenced by clinical judgment.
Although our frequentist random-effects NMA and sensitivity analyses, including one
study removed analyses, demonstrated stable relative rankings, residual confounding
cannot be excluded. Third, sample sizes were modest for several treatment contrasts,
limiting statistical precision. In addition, heterogeneity in dosing strategies across studies
such as variability in TMP/SMX dosing, MIN loading regimens, and FQ exposure targets
as well as differences in infection sites (e.g., bloodstream infections versus pneumonia)
may have influenced observed outcomes. Variability in susceptibility testing methods and
clinical endpoint definitions across centers and study periods further limits comparability.
Finally, in the absence of randomized controlled trials (RCTs), our findings should be
interpreted as hypothesis-generating; future well-designed RCTs are warranted to validate
and strengthen these observations.
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In summary, our network meta-analysis focused on explicitly defined monotherapies
and combinations for S. maltophilia suggests that FQ and MIN monotherapies were asso-
ciated with lower mortality compared with TMP/SMX, combination regimens showed
a non-significant trend toward improved survival. With respect to safety, FQ and MIN
regimens were associated with fewer reported adverse events than TMP/SMX in the in-
cluded studies. By restricting the analysis to clearly defined S. maltophilia directed regimens
and excluding ill-defined combination arms, our study aimed to enhance the interpretabil-
ity of comparative estimates. Our findings provide descriptive context for susceptibility-
guided treatment selection and highlight areas where further prospective investigation
is needed, particularly regarding the role of combination therapy and regimen choice in
severe infections or settings with high resistance prevalence.

5. Conclusions

This network meta-analysis provides, to our knowledge, the first synthesis comparing
clearly defined monotherapy and combination regimens for Stenotrophomonas maltophilia
infections. In this predominantly observational evidence base, fluoroquinolone and minocy-
cline monotherapies were associated with lower mortality compared with TMP/SMX. Most
combination regimens did not demonstrate a clear survival advantage. Fluoroquinolones
were also associated with fewer adverse effects than TMP/SMX. The findings should be
interpreted with caution in light of confounding and heterogeneity inherent to retrospective
studies. Prospective randomized trials are needed to confirm the comparative effectiveness
and safety of treatment options for this challenging multidrug-resistant pathogen.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390/germs16010007/s1, Figure S1: Forest plots presenting odds ratios
(ORs) for 30-day mortality among antimicrobial treatment regimens evaluated for Stenotrophomonas
maltophilia infections; Figure S2: Forest plots presenting odds ratios (ORs) for in-hospital mortal-
ity among antimicrobial treatment regimens evaluated for Stenotrophomonas maltophilia infections;
Figure S3: Forest plots presenting odds ratios (ORs) for all-cause mortality among antimicrobial treat-
ment regimens evaluated for Stenotrophomonas maltophilia bloodstream infections (BSI); Figure S4: For-
est plot displaying pairwise comparisons of various treatment regimens for Stenotrophomonas mal-
tophilia infections, summarizing the odds ratios (ORs) for mortality derived from the included
studies; Figure S5: Forest plot summarizing pairwise comparisons of different treatment regimens for
Stenotrophomonas maltophilia infections, presenting the odds ratios (ORs) for clinical cure derived from
the included studies; Figure S6: Forest plot presenting pairwise comparisons of different therapeutic
regimens for Stenotrophomonas maltophilia infections, showing the odds ratios (ORs) for adverse effects
based on data from the included studies; Figure S7: Sensitivity analysis of mortality conducted
using the one study removed method. Each of the 13 included studies was individually excluded
sequentially to evaluate the stability of the pooled estimate. The resulting forest plots are displayed
and labeled from A to M; Figure S8: Sensitivity analysis of clinical cure conducted using the one
study removed method. Each of the 5 included studies was individually excluded sequentially to
evaluate the stability of the pooled estimate. The resulting forest plots are displayed and labeled
from A to D; Figure S9: Sensitivity analysis of adverse effect conducted using the one study removed
method. Each of the 6 included studies was individually excluded sequentially to evaluate the
stability of the pooled estimate. The resulting forest plots are displayed and labeled from A to F;
Figure S10: The funnel plot displays all pairwise comparisons involving the common comparator,
the placebo group. Egger’s test produced a p-value of 0.516, suggesting no significant indication of
publication bias. Table S1: PRISMA for network meta-analysis checklist; Table S2: Comprehensive
evaluation of the quality of included studies was conducted using the Newcastle Ottawa Scale (NOS);
Table S3: Pairwise comparisons and ranking of clinical cure associated with different regimens used
to treat Stenotrophomonas maltophilia; Table S4: Pairwise comparisons and ranking of side effects asso-
ciated with different regimens used to treat Stenotrophomonas maltophilia; Table S5: Inconsistency test
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results for the odds ratios (ORs) of mortality across different regimens used to treat Stenotrophomonas
maltophilia; Table S6: Inconsistency test results for the odds ratios (ORs) of clinical cure across different
regimens used to treat Stenotrophomonas maltophilia; Table S7: Inconsistency test results for the risk
difference (RD) of adverse effects across different regimens used to treat Stenotrophomonas maltophilia.
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