Harmonized Outcome Definitions, Study-Level Mapping, and Study Contributions
Antimicrobial Lock Therapy for Catheter-Related Infections in Adult Oncology and Hematology Populations
Outcome framework. Study-reported definitions, denominators, and assessment points were retained during extraction and mapped to review-level harmonized outcome domains. The study sets below were aligned to the final manuscript. ALT-treated absolute outcomes are kept separate from comparative treatment effects. Review-derived values are shown only when the source-reported components permitted an unambiguous reconstruction and are explicitly flagged. For infection-attributable mortality, no follow-up strata are used in this harmonization file because timing of attribution was not sufficiently uniform or reliably harmonizable across studies.
Overview. Study contribution to outcomes emphasized in the main manuscript
	Outcome
	Synthesis role
	Studies, k
	ALT-treated N
	Contributing studies

	Early clinical response
	Absolute pooled proportion
	6
	178
	Hachem 2018; Raad 2016; Vassallo 2017; Haag 2011; Fernández-Hidalgo 2006; Del Pozo 2009 (CoNS)

	Early microbiological response
	Absolute pooled proportion
	9
	273
	Koldehoff & Zakrzewski 2004; Sánchez-Muñoz 2005; Broom 2008; Tatarelli 2015; Hachem 2018; Brescia 2023; Krümpelmann 2021; Vassallo 2024; Ranganath 2025

	Sustained infection resolution
	Absolute pooled proportion
	6
	101
	Freire 2018; Viale 2003; Lebeaux 2025; Longuet 2001; Del Pozo 2009 (non-CoNS); Bookstaver 2010

	Short-term catheter salvage
	Absolute pooled proportion
	11
	234
	Zanwar 2019; Broom 2008; Tejwani & Parry 2011; Joo 2011; Hachem 2018; Fortún 2006; Fernández-Hidalgo 2006; Del Pozo 2009 (non-CoNS); Vassallo 2017; Vassallo 2024; Bookstaver 2010

	Catheter salvage at approximately 3 months
	Absolute pooled proportion
	9
	433
	Ranganath 2025; Ranch-Lundin 2021; Zhang 2025; Sánchez-Muñoz 2005; Lafaurie 2023; Bayoudh 2024; Tatarelli 2015; Lesens 2024; Alonso 2020

	Same-organism relapse within approximately 30 days
	Absolute pooled proportion
	6
	141
	Sánchez-Muñoz 2005; Fernández-Hidalgo 2006; Fortún 2006; Broom 2008; Del Pozo 2009 (non-CoNS); Vassallo 2017

	Same-organism relapse during 31-100 days
	Absolute pooled proportion
	7
	247
	Ranganath 2025; Zhang 2025; Bayoudh 2024; Bookstaver 2010; Viale 2003; Lebeaux 2025; Lafaurie 2023

	Infection-attributable mortality
	Absolute pooled proportion
	16
	673
	Ranganath 2025; Freire 2018; Raad 2016; Haag 2011; Vidal 2016; Lafaurie 2023; Bayoudh 2024; Lesens 2024; Sánchez-Muñoz 2005; Fortún 2006; Wintenberger 2012; Zhang 2025; Alonso 2020; Zanwar 2019; Fernández-Hidalgo 2006; Viale 2003

	Hospital length of stay
	Narrative
	2
	—
	Ranganath 2025; Alonso 2020

	Systemic antimicrobial duration
	Narrative
	9 reported; 4 comparative emphasized
	—
	Comparative: Ranganath 2025; Raad 2016; Hachem 2018; Zanwar 2019. Additional descriptive: Lafaurie 2023; Vassallo 2017; Vassallo 2024; Santarpia 2016; Del Pozo 2009 (non-CoNS)

	Mechanical/procedure-related catheter complications
	Narrative
	13
	—
	Lesens 2024; Raad 2016; Zhang 2025; Ranganath 2025; Hachem 2018; Haag 2011; Ahmad 2019; Fernández-Hidalgo 2006; Kubiak 2014; Rijnders 2005; Broom 2008; Alonso 2020; Ranch-Lundin 2021

	Lock-related adverse events/tolerability
	Narrative
	13
	—
	Lesens 2024; Raad 2016; Hachem 2018; Kubiak 2014; Haag 2011; Koldehoff & Zakrzewski 2004; Broom 2008; Ahmad 2019; Brescia 2023; Lebeaux 2025; Tatarelli 2015; Ranch-Lundin 2021; Zhang 2025

	Prognostic/treatment-outcome associations
	Narrative
	11 studies
	—
	Freire 2018; Zhang 2025; Ranganath 2025; Del Pozo 2009 (CoNS); Lafaurie 2023; Wintenberger 2012; Santarpia 2016; Krümpelmann 2021; Rijnders 2005; Bookstaver 2010; Fernández-Hidalgo 2006

	Active-lock regimen comparisons
	Narrative
	3
	—
	Lesens 2024; Del Pozo 2009 (CoNS); Ranch-Lundin 2021


Note. N denotes the ALT-treated denominator for pooled absolute outcomes. Narrative outcomes are not assigned a pooled denominator because reported metrics, comparators, or endpoint definitions were not sufficiently aligned.
1. Early Clinical Response
Primary harmonized absolute synthesis: 6 studies, 178 evaluable ALT-treated episodes/patients. Contributing studies: Hachem 2018, Raad 2016, Vassallo 2017, Haag 2011, Fernández-Hidalgo 2006, and Del Pozo 2009 (CoNS).
Table 1A. Early clinical response within 7 days
	Study
	Design
	Assessment window
	Clinical outcome definition
	Result
	Interpretive note

	Hachem 2018
	Prospective intervention + matched retrospective controls
	Within 24 h
	Fever resolution among patients febrile at baseline
	ALT 15/16 (93.8%) vs control 17/17 (100%); p=0.48
	Mixed population; cancer 18/20 in ALT and 17/24 in controls; cancer-specific response not separable.

	Raad 2016
	Prospective nonrandomized comparative
	Early; fixed threshold NR , Median 3 d (range 1-4)
	Fever resolution after intervention
	Lock 19/19 (100%) vs control 44/45 (97.8%); p>0.99
	All cancer; eventual fever resolution rather than a fixed 24-h binary landmark.

	Vassallo 2017
	Retrospective single-arm
	During treatment / short-term follow-up
	Complete clinical response after ALT
	21/21 (100%)
	Cancer-only cohort; exact fixed clinical-response day not reported.

	Haag 2011
	Retrospective case series
	During the 3-4 d treatment course
	Review-derived early clinical response: absence of persistent fever prompting treatment discontinuation/explantation
	20/24 (83.3%) early response; 4/24 (16.7%) persistent fever
	Cancer-only; favorable response is review-derived as the complement of explicitly reported persistent-fever failures.

	Fernández-Hidalgo 2006
	Mixed retrospective/prospective single-arm
	Approximately 72 h
	Review-derived early clinical response: absence of persistent fever after 72 h of therapy
	Cancer/chemotherapy subgroup 51/54 (94.4%); persistent fever 3/54 (5.6%)
	Cancer-associated subgroup reconstructed from catheter-use categories and individual failure descriptions; response is the complement of persistent-fever failures.

	Del Pozo 2009, CoNS
	Prospective sequential active-lock cohort
	Beyond 72 h after ALT initiation
	Review-derived early clinical response: absence of persistent fever requiring port removal
	Any lock 41/44 (93.2%); persistent fever 3/44 (6.8%)
	All cancer. The three persistent-fever failures occurred in the vancomycin-lock group; for an any-lock single-arm synthesis, the two active-lock groups are combined at study level.


Primary manuscript synthesis: pooled early clinical response 93.8% (95% CI, 90.3%-97.4%). Directly reported and review-derived favorable counts are distinguished in the study-level notes.
Table 1B. Time to clinical resolution / fever duration
	Study
	Design
	Assessment window
	Clinical outcome definition
	Result
	Interpretive note

	Hachem 2018
	Prospective comparative
	During treatment
	Time from intervention to fever resolution
	Median 1 d (range 1-3) vs 1 d (1-2); p=0.24
	ALT vs matched control; mixed population.

	Raad 2016
	Prospective nonrandomized comparative
	During treatment
	Time from intervention to fever resolution
	Median 3 d (range 1-4) vs 2 d (1-13); p=0.28
	All cancer.

	Viale 2003
	Prospective uncontrolled pilot
	Early treatment
	Time from ALT initiation to defervescence
	Median 48 h (range 24-72 h)
	Reported for the overall mixed study cohort; cancer-specific timing not separable.

	Joo 2011
	Retrospective cohort
	Hospitalization
	Duration of fever by salvage outcome
	Successful salvage 5 +/- 3 d vs failed salvage 6 +/- 5 d; p=0.357
	All neutropenic cancer; comparison is by salvage success/failure, not ALT vs no ALT.


Time-to-resolution measures were retained narratively because the reported metrics and assessment definitions were not sufficiently aligned for quantitative pooling.
2. Early Microbiological Response
Primary harmonized absolute synthesis in the final manuscript: 9 studies, 273 evaluable ALT-treated episodes/patients. Contributing studies: Koldehoff & Zakrzewski 2004, Sánchez-Muñoz 2005, Broom 2008, Tatarelli 2015, Hachem 2018, Brescia 2023, Krümpelmann 2021, Vassallo 2024, and Ranganath 2025.
Table 2A. Harmonized early microbiological response within 7 days
	Study
	Design
	Assessment window
	Microbiological endpoint
	Result
	Interpretive note

	Koldehoff & Zakrzewski 2004
	Open nonrandomized single-center pilot study
	During/after 1–3-d lock course; exact clearance day NR
	Complete CRBSI recovery including negative blood cultures
	11/11 (100%)
	Cancer-only adults. Close serial central/peripheral blood cultures were used; exact individual clearance day was not reported.

	Sánchez-Muñoz 2005
	Prospective single-arm
	72 h
	[bookmark: _GoBack]Afebrile with negative blood cultures at 72 h
	Adult-only 11/13 (84.6%)
	Cancer-only adult estimate. The original study reported 12/14; one 15-year-old successful patient was excluded from this review.

	Broom 2008
	Prospective multicenter pilot
	Day 6
	Original index organism absent from surveillance cultures
	17/17 completers (100%)
	Predominantly hematologic malignancy; one non-cancer/pediatric case in the parent cohort.

	Tatarelli 2015
	Retrospective case series
	Within 1–6 d
	Microbiological response with negative blood cultures
	6/8 (75.0%)
	Seven of eight patients had cancer. Mean time to negative blood cultures among responders was 2 d (range, 1–6).

	Hachem 2018
	Prospective intervention + matched retrospective controls
	Within 96 h
	Absence of the original infecting pathogen in follow-up blood cultures
	ALT 19/20 (95.0%)
	Cancer-predominant cohort; cancer-specific response was not separable. Comparator: 20/24 (83.3%), P=0.36.

	Brescia 2023
	Retrospective single-arm
	Day 7
	Negative paired cultures within clinical + microbiological resolution
	24/24 CRBSI (100%)
	Cancer-only. Two colonization episodes were kept separate from the CRBSI denominator.

	Krümpelmann 2021
	Retrospective multicenter cohort
	Within 72 h
	Patient-level eradication/control of the relevant bloodstream pathogen during conservative treatment
	Cancer subgroup 24/52 (46.2%)
	Cancer-specific patient-level estimate retained in the final primary synthesis; pathogen-level 41/71 was not pooled. Exclusion of this study was prespecified as an outcome-definition/heterogeneity sensitivity analysis.

	Vassallo 2024
	Retrospective single-arm
	After 3 d of DPT
	Absence of persistent positive blood cultures
	Review-derived 21/22 (95.5%)
	Complement of the single reported microbiological failure (persistent positive cultures after 3 d of daptomycin treatment); 21/22 cancer.

	Ranganath 2025
	Retrospective comparative cohort
	>72-h persistence criterion
	Absence of persistent CVC or peripheral bacteremia during early follow-up
	Review-derived 97/106 (91.5%)
	Complement of 8 persistent CVC-culture and 1 persistent peripheral-culture failures in the ALT arm. Predominantly oncology/HCT; cancer-specific outcome inseparable and tested by sensitivity analysis.


Primary manuscript synthesis: 9 studies, N=273, pooled early microbiological response 93.3% (95% CI, 79.6%-98.0%). Excluding Krümpelmann 2021 yielded 93.2% (95% CI, 89.1%-95.9%) and substantially reduced estimated between-study variance.
Table 2B. Time to microbiological clearance
	Study
	Design
	Assessment window
	Microbiological endpoint
	Result
	Interpretive note

	Hachem 2018
	Prospective comparative
	Early treatment
	Time to first documented microbiological eradication
	Median 2 d (range 1-4) vs 3 d (1-4); p=0.85
	ALT vs matched control; mixed population.

	Raad 2016
	Prospective nonrandomized comparative
	Early treatment
	Time from bacteremia onset to microbiological eradication
	Median 3 d (range 1-10) vs 3 d (1-7); p=0.61
	All cancer.

	Ranganath 2025
	Retrospective comparative cohort
	Early treatment
	Time to both CVC and peripheral cultures becoming negative (ALT) vs peripheral culture becoming negative (removal)
	Median 2 d (IQR 2-4) vs 2 d (IQR 1-3); p=0.013
	Definitions differ slightly by management strategy; mixed population.

	Tatarelli 2015
	Retrospective case series
	During treatment
	Time to negative blood cultures
	Mean 2 d (range 1-6)
	7/8 cancer; no comparator.


Time-to-clearance outcomes were synthesized narratively and were not combined with the binary early-microbiological-response pool.
3. Sustained Infection Resolution
Primary harmonized absolute synthesis: 6 studies, 101 evaluable ALT-treated patients/episodes. Contributing studies: Freire 2018, Viale 2003, Lebeaux 2025, Longuet 2001, Del Pozo 2009 (non-CoNS), and Bookstaver 2010.
Table 3. Sustained infection resolution at approximately 1 month
	Study
	Design
	Assessment window
	Sustained outcome definition
	Result
	Interpretive note

	Freire 2018
	Observational comparative cohort
	30 d after end of initial treatment
	Treatment success = absence of persistence or recurrence of infection within 30 d after initial treatment
	ALT 46/57 (80.7%); non-ALT 91/155 (58.7%)
	Initial-treatment analysis. Only the ALT arm (46/57) contributed to the pooled ALT-treated proportion; the comparative effect was evaluated separately.

	Viale 2003
	Prospective uncontrolled pilot
	Day 28
	Afebrile through 14 d after ALT completion with negative follow-up cultures
	Cancer subgroup 9/9 (100%)
	Sustained clinical + microbiological success; no explicit mandatory catheter-retention component for this table.

	Lebeaux 2025
	Prospective multicenter phase I/II pilot
	Day 40 +/- 7 d
	Clinical and microbiological cure at D40
	5/6 cancer patients with formal D40 status (83.3%)
	One additional cancer patient had incomplete formal D40/D100 assessment but met cure criteria at D23; formal complete-case result retained.

	Longuet 2001
	Prospective observational
	>=1 mo after treatment
	Fever/clinical manifestations resolved within 48 h and remained stable >=1 mo; catheter blood cultures sterile within 5 d and negative at end of treatment
	Cancer subgroup 3/6 (50.0%)
	Sustained clinical + microbiological cure.

	Del Pozo 2009, non-CoNS
	Prospective single-arm cohort
	30 d after therapy
	Stable apyrexia with no recovery of the index organism during 30 d after treatment
	Adult-only 15/17 (88.2%)
	Cancer-only adult estimate after exclusion of one pediatric case. Stable clinical and microbiological control at 30 days; catheter retention was not required in the harmonized sustained-resolution definition.

	Bookstaver 2010
	Retrospective case series
	30 d after ALT/systemic therapy
	Blood-culture sterilization at 30 d
	Adult oncology subgroup 5/6 (83.3%)
	Adult oncology subgroup; microbiological-only sustained endpoint. Catheter salvage was separately 4/6. Evaluated in an outcome-definition sensitivity analysis.


Primary manuscript synthesis: pooled sustained infection resolution 82.2% (95% CI, 73.5%-88.5%). Catheter retention was not required for this outcome. Outcome-definition and leave-one-out sensitivity analyses did not materially change the estimate.
Fernández-Hidalgo 2006 was retained in the catheter-salvage domain rather than the sustained-resolution pool because its 1-month outcome explicitly required catheter retention.
4. Catheter Salvage
Harmonized definition. Catheter salvage required control of the index infection with continued functional use of the index catheter, without catheter loss attributable to unresolved/recurrent infection or catheter-related mechanical failure. Absolute ALT-treated proportions were analyzed separately from comparative treatment effects.
4.1 Short-term catheter salvage
Primary harmonized absolute synthesis: 11 studies, 234 ALT-treated patients/episodes. Contributing studies: Zanwar 2019, Broom 2008, Tejwani & Parry 2011, Joo 2011, Hachem 2018, Fortún 2006, Fernández-Hidalgo 2006, Del Pozo 2009 (non-CoNS), Vassallo 2017, Vassallo 2024, and Bookstaver 2010.
Table 4A. Short-term catheter salvage (generally treatment completion to approximately 14-30 days)
	Study
	Design
	Time point
	Salvage definition used in this review
	Result
	Status / caveat

	Zanwar 2019
	Retrospective comparative cohort
	Approx. EOT / cultures through day 14
	Negative subsequent catheter culture with catheter retained
	ALT 13/15 (86.7%) vs no ALT 5/9 (55.6%)
	Exact final salvage landmark NR; pediatric-inclusive HSCT cohort.

	Broom 2008
	Prospective multicenter pilot
	>14 d
	Original organism eradicated, catheter retained >14 d, no subsequent isolation of original organism
	12/17 (70.6%)
	Protocol-defined success; mixed adult/pediatric and one non-cancer case.

	Tejwani & Parry 2011
	Retrospective single-arm
	>=14 d after treatment
	Sustained symptom resolution + negative cultures; failure included infection-driven removal/exchange or early recurrence
	26/32 (81.3%)
	Cancer-category extraction; underlying disease categories require caution regarding overlap.

	Joo 2011
	Retrospective comparative cohort
	Hospital discharge
	Study-defined catheter salvage = catheter retained at discharge
	ALT 9/11 (81.8%) vs no ALT 11/27 (40.7%)
	All neutropenic cancer; comparison is post-hoc within salvage attempts and highly confounded.

	Hachem 2018
	Prospective intervention + matched retrospective controls
	Treatment + 30-d follow-up
	Catheter retained without persistent bacteremia requiring removal
	19/20 (95.0%) in ALT arm
	Comparator underwent planned removal; use ALT arm as salvage estimate. Mixed population.

	Fortún 2006
	Historical-control nonrandomized comparative
	Through 1 mo
	Study-defined successful treatment: sepsis signs resolved, post-treatment cultures negative; failure algorithm included infection-related removal/colonization and same-strain relapse
	ALT 16/19 (84.2%) vs control 19/29 (65.5%)
	Broad salvage-related composite; retention was embedded in the failure algorithm but was not mandatory for every success.

	Fernández-Hidalgo 2006
	Mixed retrospective/prospective single-arm
	1 mo after therapy
	Negative cultures without catheter removal
	Cancer/chemotherapy-derived 46/54 (85.2%)
	Direct 1-mo microbiological + retention outcome.

	Del Pozo 2009, non-CoNS
	Prospective single-arm cohort
	30 d after therapy
	Stable apyrexia, no same-organism recurrence, and no failure requiring port removal
	Adult-only 15/17 (88.2%)
	All neoplastic; one pediatric success removed from adult denominator.

	Vassallo 2017
	Retrospective single-arm
	30 d after treatment
	Catheter retained 30 d after ALT
	16/21 (76.2%)
	Cancer-only; 5 removals.

	Vassallo 2024
	Retrospective single-arm
	30 d after treatment
	Catheter retained 30 d after EOT
	21/22 (95.5%)
	Main analysis; 21/22 cancer + 1 non-cancer inseparable.

	Bookstaver 2010
	Retrospective case series
	30 d
	Blood-culture sterilization + catheter retention
	Adult oncology subgroup 4/6 (66.7%)
	Review-derived patient-level cancer subgroup; sterilization separately 5/6.


Primary manuscript synthesis: 11 studies, N=234, pooled short-term catheter salvage 84.2% (95% CI, 78.9%-88.3%). Fortún 2006 was retained in the primary pool and examined by sensitivity exclusion because its treatment-success construct was broader than the strict review definition.
4.2 Catheter salvage at approximately 3 months
Primary later-salvage synthesis in the final manuscript: 9 studies, 433 ALT-treated patients/episodes. Contributing studies: Ranganath 2025, Ranch-Lundin 2021, Zhang 2025, Sánchez-Muñoz 2005, Lafaurie 2023, Bayoudh 2024, Tatarelli 2015, Lesens 2024, and Alonso 2020.
Table 4B. Catheter salvage at an explicit or closely aligned approximately 3-month assessment
	Study
	Design
	Time point
	Salvage definition used in this review
	Result
	Status / caveat

	Ranganath 2025
	Retrospective comparative cohort
	90 d
	Review-defined failure = removal for microbiological relapse, recurrent BSI, persistent bacteremia >=72 h, or catheter malfunction; non-medical-need removals not failures
	Review-derived 60/106 (56.6%)
	Explicit 90-d horizon. Authors did not directly report 60/106 as a binary salvage endpoint; mixed immunocompromised population and cancer-specific outcome not separable.

	Ranch-Lundin 2021
	Retrospective active-lock comparison
	90 d (3 mo)
	Resolved infection with reusable catheter and no subsequent infection/mechanical removal under the review definition
	Review-derived 15/25 (60.0%): low-dose 6/12 vs high-dose 9/13
	Explicit 90-d follow-up. Authors reported microbiological resolution in 6/12 vs 10/13; one additional high-dose patient had catheter occlusion/removal after infection resolution and is counted as salvage failure. 22/25 had cancer.

	Zhang 2025
	Retrospective nonrandomized comparative
	90 d (approximately 3 mo)
	PICC retention with clinical resolution; later recurrence/complications assessed through 90 d
	ALT + systemic 26/34 (76.5%) vs systemic alone 17/33 (51.5%)
	All adult hematologic malignancy. Explicit 90-d recurrence/complication follow-up; ALT arm contributes to pooled ALT-treated proportion, while the between-group comparison is analyzed separately.

	Sánchez-Muñoz 2005
	Prospective single-arm
	Formal 3-mo salvage endpoint; monthly follow-up >=4 mo; mean 257 d (range 120-420)
	Catheter still in place at 3 mo without recurrence or death after successful early response
	Adult-only 11/13 (84.6%); original full cohort 12/14
	Explicit 3-mo endpoint with substantially longer observation confirming durability. One pediatric success excluded from the adult-only numerator/denominator.

	Lafaurie 2023
	Prospective multicenter single-arm
	3 mo
	Review-harmonized later salvage: no TIVAP removal or TIVAP-RI recurrence through 3 mo, or death before 3 mo without either event; missing outcomes excluded
	Review-derived 60/93 (64.5%): 44 author-reported 3-mo successes + 16 event-free deaths; 7 missing excluded
	Cancer-only. The authors separately reported 44 successes, 33 failures, 16 deaths before 3 mo without removal/recurrence, and 7 missing outcomes. The primary review estimate treats event-free death as a competing event rather than an infection-related salvage failure; 44/77 is retained as a stricter complete-case sensitivity definition.

	Bayoudh 2024
	Retrospective single-arm
	Clinical follow-up to 3 mo; microbiological surveillance day +3 to +30
	Port preserved after attempted conservative treatment through the 3-mo clinical follow-up
	10/17 (58.8%)
	Malignant hematology/allo-HCT lock subgroup. Explicit 3-mo preservation outcome; seven removals included uncontrolled infection, failed decontamination, or recurrence within 3 mo.

	Tatarelli 2015
	Retrospective case series
	Outcome evaluated at 3 mo after symptom onset; relapse criterion also reported within 1 mo
	Clinical + microbiological response with catheter maintenance and no documented relapse during the reported outcome period
	6/8 (75.0%)
	7/8 cancer; selected patients after prior standard-treatment failure. Three-month outcome is reported, although the success definition also references a 1-mo relapse window.

	Lesens 2024 (ETHALOCK)
	Randomized active-lock trial
	Week 14 +/- 4 d (~3.5 mo), censored at failure/death/end of TIVAD use
	TIVAD in place with absence of protocol-defined failure through week 14 or until end of device use
	Overall active-lock 32/61 (52.5%): ELT 18/31 vs VLT 14/30
	Near-3-mo/extended landmark. Both arms are active lock therapies and are combined at study level for the overall ALT-treated proportion; 57/61 had cancer and outcomes are not cancer-separable.

	Alonso 2020
	Retrospective single-arm
	90 d; alternative endpoint through end of catheter use/replacement
	Review-harmonized functional salvage: catheter retained >=3 mo, or catheter course ended earlier for noninfectious reasons/completion of use; infection-related loss and catheter dysfunction counted as failures
	Review-derived 45/76 (59.2%); author strict >=90-d retention 32/76; author retention through end of use/planned replacement 54/76
	Predominantly cancer (73/76); cancer-specific numerator is not separable. Review harmonization adds 9 noninfectious removals and 4 completed-use events to the strict >=90-d retention count. Because this is reconstructed from source components, it is flagged review-derived and examined in sensitivity analyses.


Primary manuscript synthesis: 9 studies, N=433, pooled catheter salvage 61.2% (95% CI, 56.5%-65.7%). The broader 18-study later/variable-follow-up analysis is not the main later-salvage estimand and is therefore not used as the primary harmonized study set in this file.
4.3 Comparative catheter-salvage evidence
Table 4C. Comparative catheter-salvage evidence retained separately from absolute ALT-treated proportions
	Study
	Design
	Comparator
	Harmonized comparative endpoint
	Result
	Role / caveat

	Rijnders 2005
	Randomized placebo-controlled trial
	Active antibiotic lock vs placebo lock
	Longer-term protocol-defined treatment failure / favorable complement
	Active lock 14/21 favorable; placebo 10/23
	RCT reported separately; author-reported HR for treatment failure 0.55 (P=0.10).

	Fortún 2006
	Nonrandomized historical-control study
	ALT + systemic vs systemic/no active ALT
	Short-term salvage-related success
	16/19 vs 19/29
	Included in short-term comparative synthesis; serious risk of bias.

	Zanwar 2019
	Retrospective comparative cohort
	ALT + systemic vs systemic/no active ALT
	Short-term catheter retention with infection control
	13/15 vs 5/9
	Included in short-term comparative synthesis; mixed-age HSCT cohort.

	Joo 2011
	Retrospective comparative cohort
	ALT exposure vs no ALT within salvage attempts
	Catheter retained at discharge
	9/11 vs 11/27
	Critical risk of bias for the post-hoc treatment contrast; sensitivity/supportive evidence only.

	Zhang 2025
	Retrospective nonrandomized comparative
	ALT + systemic vs systemic therapy alone
	Approximately 3-month catheter salvage
	26/34 vs 17/33
	Direct comparative later-salvage evidence; analyzed separately from the short-term pool.

	Wintenberger 2012
	Retrospective comparative cohort
	ALT vs conservative management without ALT
	Cure with catheter preservation
	8/31 vs 10/20
	Use cure + preservation, not preservation alone (14/31); comparator is review-derived by subtraction; mixed population and serious confounding.


Randomized and nonrandomized evidence were not pooled together. Comparator strategies and assessment windows were kept clinically distinct.
5. Microbiological Relapse
Relapse was defined as re-isolation of the same/index organism after initial infection control. Persistent bacteremia before initial clearance was not classified as relapse. The two primary absolute relapse windows contain different study sets and risk sets and should not be interpreted as sequential risks within the same cohort.
5.1 Same-organism relapse within approximately 30 days
Primary absolute synthesis: 6 studies, 141 evaluable ALT-treated patients/episodes, 11 relapse events. Contributing studies: Sánchez-Muñoz 2005, Fernández-Hidalgo 2006, Fortún 2006, Broom 2008, Del Pozo 2009 (non-CoNS), and Vassallo 2017.
Table 5A. Same-organism microbiological relapse within approximately 30 days
	Study
	Design
	Time point
	Recurrence definition used in this review
	Result
	Status / caveat

	Fortún 2006
	Historical-control nonrandomized comparative cohort
	Through 1 mo after treatment
	Relapse with the same phenotypic strain after stopping therapy, after initial clinical/microbiological response.
	ALT 2/19 (10.5%) vs systemic/no-active-lock 3/29 (10.3%)
	ALT arm contributes to the absolute short-term relapse pool. Comparative control count 3/29 follows the final comparative relapse dataset.

	Broom 2008
	Prospective multicentre pilot
	Day 9 after ALT initiation
	Recurrent bacteremia with the index organism after documented early culture clearance.
	1/17 completers (5.9%)
	Strict relapse estimate: recurrent S. epidermidis bacteremia with fever on day 9. A later day-41 P. aeruginosa episode had a different susceptibility pattern and was interpreted by the authors as reinfection, so it is not counted here.

	Del Pozo 2009, non-CoNS
	Prospective single-arm cohort
	Day 12 / within 30 d
	Same microorganism recovered after initial eradication.
	Adult-only 1/17 (5.9%)
	Review-derived adult-only estimate: the adult E. faecium case relapsed on day 12. A separate day-90 recurrence occurred in a 13-year-old and is excluded.

	Sánchez-Muñoz 2005
	Prospective single-arm oncology series
	3 wk after ALT completion
	Recurrent bacteremia with the same index organism after successful initial clinical and microbiological response.
	Adult-treated cohort 1/13 (7.7%)
	The relapse was methicillin-resistant CoNS and led to catheter removal. The original cohort was 14, but one 15-year-old successful case was excluded from the adult review denominator.

	Vassallo 2017
	Retrospective single-arm cancer cohort
	30 d after treatment
	Microbiologically documented CRBSI recurrence after initial response within the 30-d failure window.
	3/21 (14.3%)
	All cancer. Two additional failures had recurrent fever without microbiological documentation and are not counted as strict relapse.

	Fernández-Hidalgo 2006
	Prospective open non-comparative study
	<30 d after therapy
	Bacteremia with the same microorganism (genus, species, biotype and antibiotype) after initial treatment.
	Cancer/chemotherapy subgroup, review-derived 3/54 (5.6%); full parent cohort 7/115 (6.1%)
	The primary short-term relapse synthesis uses the review-derived chemotherapy-associated subgroup count (3/54). The full mixed-cohort relapse count (7/115) is retained only as source context.


Primary manuscript synthesis: 6 studies, N=141, pooled relapse 7.8% (95% CI, 4.4%-13.5%).
5.2 Same-organism relapse during 31-100 days
Primary later-relapse synthesis: 7 studies, 247 evaluable ALT-treated patients/episodes. Contributing studies: Ranganath 2025, Zhang 2025, Bayoudh 2024, Bookstaver 2010, Viale 2003, Lebeaux 2025, and Lafaurie 2023.
Table 5B. Same-organism microbiological relapse during approximately 31-100 days
	Study
	Design
	Time point
	Recurrence definition used in this review
	Result
	Status / caveat

	Ranganath 2025
	Retrospective comparative cohort with IPTW analysis
	90 d after therapy
	Re-isolation of the same genus/species as the index CVC-BSI after initial treatment.
	ALT 21/106 (19.8%) vs catheter removal 12/181 (6.6%); IPTW-adjusted OR 3.93 (95% CI 1.64–9.40), P=0.002
	Direct 90-day same-organism relapse; mixed immunocompromised population and cancer-specific effect not separable.

	Zhang 2025
	Retrospective nonrandomized comparative cohort
	90 d
	Recurrent infection caused by the same pathogen after the index episode.
	Among retained PICCs: ALT 2/26 (7.7%) vs systemic therapy without active ALT 1/17 (5.9%)
	Conditional post-treatment denominator restricted to retained/salvaged PICCs; the ALT 2/26 count contributes to the absolute 31–100-day synthesis.

	Bayoudh 2024
	Retrospective single-arm allo-HCT case series
	Approximately 3 mo
	Recurrent VAD-BSI with the same CoNS/antibiogram after initial infection control.
	3/17 (17.6%)
	Malignant hematology/allo-HCT lock subgroup; direct recurrence count.

	Bookstaver 2010
	Retrospective case series; adult oncology subgroup
	30–90 d
	Recurrent infection after initial blood-culture sterilization in the adult oncology subgroup.
	1/6 (16.7%)
	Patient-level adult oncology subgroup; recurrence occurred after the short-term assessment window.

	Viale 2003
	Prospective uncontrolled pilot; cancer subgroup extracted
	Approximately 28–90 d
	CRBSI recurrence due to an identical organism (same species and antibiotype) after initial cure.
	Cancer subgroup 0/9 (0%)
	No relapse occurred among the nine cancer patients during the aligned follow-up interval.

	Lebeaux 2025
	Prospective phase I/II single-arm pilot
	Day 40 to approximately day 100
	BSI with the same species and antibiotic-susceptibility pattern after initial cure.
	Cancer evaluable-case 1/6 (16.7%)
	Six cancer patients had a determinable formal follow-up status for this harmonized recurrence analysis.

	Lafaurie 2023
	Prospective multicentre single-arm cancer cohort
	3 mo
	Relapse = new TIVAP-related infection due to the same CoNS species and/or susceptibility pattern after VLT.
	15/77 evaluable (19.5%)
	The 77-patient evaluable denominator comprises patients with determinable 3-month efficacy status; 15 same-organism relapses were reported.


Primary manuscript synthesis: 7 studies, N=247, pooled relapse 17.4% (95% CI, 13.2%-22.7%). Exclusion of Zhang 2025, which used a retained-PICC denominator, yielded a similar estimate.
5.3 Comparative microbiological relapse
Table 5C. Comparator-specific comparative relapse evidence
	Study
	Comparator
	Events
	Effect / summary
	Interpretive caveat

	Rijnders 2005
	RCT: active antibiotic lock vs placebo lock
	3/21 vs 9/23
	RR 0.37 (95% CI, 0.11-1.17)
	Randomized evidence reported separately.

	Ranganath 2025
	ALT catheter preservation vs catheter removal
	21/106 vs 12/181
	Adjusted OR 3.93 (95% CI, 1.64-9.40)
	90-day same-organism relapse; mixed population.

	Vidal 2016
	Lock exposure vs catheter removal
	4/22 vs 1/75
	Study-level contrast
	Secondary clinician-directed exposure comparison; strong confounding.

	Raad 2016
	ALT catheter preservation vs removal/reinsertion
	0/30 vs 3/60
	Study-level contrast
	Shorter assessment than other removal studies.

	Fortún 2006
	ALT + systemic vs systemic/no active ALT
	2/19 vs 3/29
	Study-level contrast
	Mixed underlying conditions; serious risk of bias.

	Zhang 2025
	ALT + systemic vs systemic therapy alone
	2/26 vs 1/17
	Study-level contrast
	Relapse among retained PICCs; conditional denominator.

	Wintenberger 2012
	ALT vs conservative management without ALT
	4/31 vs 2/20
	Review-derived comparator
	Variable study follow-up; secondary contrast.


Comparative relapse was interpreted by comparator strategy. No overall cross-comparator treatment effect was used as a principal estimand.
6. Infection-Attributable Mortality
Primary absolute synthesis: 16 studies, 673 ALT-treated patients/episodes and 10 deaths attributed to the index catheter-related infection. Contributing studies: Ranganath 2025, Freire 2018, Raad 2016, Haag 2011, Vidal 2016, Lafaurie 2023, Bayoudh 2024, Lesens 2024, Sánchez-Muñoz 2005, Fortún 2006, Wintenberger 2012, Zhang 2025, Alonso 2020, Zanwar 2019, Fernández-Hidalgo 2006, and Viale 2003.
Harmonization rule for mortality. Infection-attributable mortality required explicit study attribution to the index catheter-related infection. All-cause mortality was kept separate. No follow-up-duration strata are used here because timing of attribution was not sufficiently uniform or reliably harmonizable across the contributing reports.
Table 6. Infection-attributable mortality across all 16 contributing studies (no follow-up stratification)
	Study
	Design
	Population / analysis set
	ALT-treated infection-attributable mortality
	Comparator / additional arm
	Status / caveat

	Ranganath 2025
	Retrospective comparative cohort
	ALT n=106 vs catheter removal n=181; mixed immunocompromised cohort
	1/106 (0.9%)
	Catheter removal: 4/181 (2.2%)
	Direct source attribution; cancer-specific outcome not separable.

	Freire 2018
	Retrospective observational cohort
	ALT-treated BSI subgroup n=62; all cancer
	1/62 (1.6%)
	Adjusted comparative association reported separately (HR 0.29, 95% CI 0.09-0.94)
	Study-defined infection-related mortality; all-cause mortality kept separate.

	Raad 2016
	Prospective intervention with matched historical controls
	All cancer; lock n=30 vs catheter removal/reinsertion n=60
	0/30
	Removal/reinsertion: 0/60
	Bacteremia-related deaths explicitly zero in both groups.

	Haag 2011
	Retrospective single-arm cancer case series
	24 CRBSI episodes in cancer patients
	0/24
	—
	Direct source report of no CRBSI-attributable death.

	Vidal 2016
	Prospective observational cohort
	97 patients with solid cancer; lock subgroup n=22, non-lock n=75
	1/22 (4.5%)
	Non-lock/removal strategy: 3/75 (review-derived)
	Lock-group count direct; non-lock value reconstructed from the reported overall attributable deaths.

	Lafaurie 2023
	Prospective multicentre single-arm study
	100 adults with cancer treated with VLT
	1/100 (1.0%)
	—
	Direct full-cohort attributable mortality.

	Bayoudh 2024
	Retrospective allo-HCT cohort
	24 CoNS VAD-BSI episodes; ALT n=17, catheter removal n=7
	0/17
	Catheter removal: 0/7
	No BSI-related death in the all-zero parent cohort.

	Lesens 2024
	Multicentre double-blind randomized trial
	ELT n=31 vs VLT n=30; 57/61 had malignancy
	0/61 across active-lock arms
	ELT 0/31; VLT 0/30 (active-lock comparison)
	All reported deaths were attributed to underlying disease rather than TIVAD infection.

	Sánchez-Muñoz 2005
	Prospective uncontrolled series
	13 adult cancer episodes after exclusion of one 15-year-old participant
	0/13
	—
	Adult-only zero-event estimate after exclusion of one pediatric participant.

	Fortún 2006
	Nonrandomized comparative study
	ALT n=19 vs no-ALT n=29; mixed underlying conditions
	1/19 (5.3%)
	Systemic/no active ALT: 2/29 (6.9%)
	Direct attributable-mortality comparison; cancer-specific values not separable.

	Wintenberger 2012
	Retrospective comparative cohort
	Conservative treatment n=51, including ALT n=31; non-ALT conservative n=20; mixed population
	1/31 (3.2%)
	No-ALT conservative: 3/20 (review-derived)
	ALT count direct; comparator reconstructed by subtraction from conservative-treatment totals.

	Zhang 2025
	Retrospective comparative cohort
	Adult hematologic malignancy; ALT+SAT n=34 vs SAT without ALT n=33
	3/34 (8.8%)
	Systemic therapy without ALT: 4/33 (12.1%)
	Direct comparative mortality counts.

	Alonso 2020
	Retrospective cohort
	76 patients; 73 cancer and 3 renal failure
	1/76 (1.3%)
	—
	Direct overall attributable mortality; cancer status of the single death was not reported, so no cancer-only numerator was derived.

	Zanwar 2019
	Retrospective HSCT cohort
	CRBSI: ALT n=15 vs no-ALT n=9; hematologic malignancy; mixed age
	0/15
	No ALT: 0/9
	No CRBSI-attributable deaths in either CRBSI group; mixed-age HSCT cohort.

	Fernández-Hidalgo 2006
	Open non-comparative cohort (retrospective + prospective periods)
	54 cancer-associated episodes: chemotherapy n=50 + chemotherapy/TPN n=4
	0/54
	—
	Review-derived cancer-associated subgroup; the single CRB-related death in the parent cohort occurred outside this subgroup.

	Viale 2003
	Open prospective pilot study
	Cancer subgroup n=9 within a 30-patient mixed cohort
	0/9
	—
	Cancer-subgroup zero-event inference from an all-zero parent cohort.


Primary manuscript synthesis: pooled infection-attributable mortality 1.45% (95% CI, 0.64%-3.24%). Mortality timing was not harmonized into duration strata in this file; only the overall attributable-mortality estimand is retained.
7. Treatment Burden and Resource Use
7.1 Hospital length of stay
Narrative synthesis: 2 studies reported extractable hospital length-of-stay data: Ranganath 2025 and Alonso 2020.
Table 7A. Hospital length of stay
	Study
	Population / comparison
	Hospital-stay metric
	Result
	Status / caveat

	Ranganath 2025
	ALT n=106 vs catheter removal n=181; mixed immunocompromised cohort
	Hospital length of stay, median (IQR)
	4 d (2.5-14) vs 10 d (5-23); P<0.001
	Direct strategy-level comparison; cancer-specific result not separable.

	Alonso 2020
	76 adults receiving VLT plus systemic antimicrobials; 73/76 had malignancy
	Hospital length of stay, median (IQR)
	25 d (15-48.75)
	Single-cohort descriptive value; three renal-failure cases are not separable for this outcome.


7.2 Duration of systemic antimicrobial therapy
Nine studies reported extractable systemic-treatment duration. The main manuscript comparative narrative emphasized 4 studies with direct comparators: Ranganath 2025, Raad 2016, Hachem 2018, and Zanwar 2019. Five additional single-arm/descriptive estimates are retained below for supplementary completeness.
Table 7B. Duration of systemic antimicrobial therapy
	Study
	Population / comparison
	Duration metric
	Result
	Status / caveat

	Raad 2016
	Cancer patients; M-EDTA/EtOH lock vs CVC removal/reinsertion
	Systemic antibiotic duration, median (range)
	11 d (4-24) vs 16 d (5-89); P<0.0001
	Direct comparative duration.

	Hachem 2018
	Lock solution n=20 vs CVC removal/reinsertion n=24; cancer predominant but non-cancer cases inseparable
	Systemic antibiotic duration, median (range)
	14 d (5-21) vs 15 d (7-35); P=0.25
	Comparative, mixed/nonseparable population.

	Ranganath 2025
	ALT n=106 vs catheter removal n=181; mixed immunocompromised cohort
	Total systemic antibiotic duration, median (IQR)
	11 d (6-14) vs 14 d (9-16); P<0.001
	Direct comparative duration; cancer-specific result not separable.

	Zanwar 2019
	HSCT patients with CRBSI; ALT vs no ALT
	Median systemic antibiotic duration
	21 d vs 17 d; P=0.10
	Mixed-age HSCT cohort; adult-only duration not separable.

	Lafaurie 2023
	100 adults with cancer treated with VLT
	Systemic antibiotic duration, median (IQR)
	9 d (6-11)
	Cancer-only single-arm estimate; two patients dying during treatment were not included in the duration calculation.

	Vassallo 2017
	Cancer patients with CoNS CRBSI treated with DPT lock plus systemic therapy
	Total systemic treatment duration, median
	14 d
	Cancer-only single-arm estimate.

	Vassallo 2024
	22 CoNS CRBSI episodes; 21/22 patients had cancer
	Total antibiotic treatment duration, mean (SD)
	13.5 d (SD 2.8)
	Predominantly cancer; one non-cancer case inseparable.

	Santarpia 2016
	33 episodes treated with systemic plus local antibiotic therapy; mixed oncology/non-oncology HPN cohort
	Reported antibiotic-therapy length, median (range)
	21 d (14-28)
	Systemic and local treatment durations were not separately reported for this value.

	Del Pozo 2009, non-CoNS
	Adult cancer subgroup after excluding the 13-year-old participant
	Systemic therapy duration; review-derived from 16/17 evaluable adult cases
	Median 14 d (range 7-14)
	One adult had the systemic agent reported without an explicit duration; adult-only patient-level estimate.


No pooled resource-use estimate was calculated because comparator strategies, reporting metrics, populations, and treatment pathways were not sufficiently aligned.
8. Treatment-Related Adverse Events and Catheter Complications
8.1 Mechanical catheter and procedure-related complications
Thirteen studies reported extractable mechanical or procedure-related catheter information. The main manuscript emphasized the comparative findings from Lesens 2024, Raad 2016, Zhang 2025, and Ranganath 2025; the remaining study-level data are retained for completeness.
Table 8A. Mechanical catheter and procedure-related complications
	Study
	Population / comparison
	Assessment window
	Mechanical complication endpoint
	Result
	Status / caveat

	Lesens 2024
	VLT n=30 vs ELT n=31; 57/61 cancer, nonseparable
	Study follow-up to week 14 ± 4 d or end of TIVAD use
	Catheter malfunction: lumen occlusion, withdrawal occlusion, or TIVAD-related venous thrombosis
	ELT 11/31 (35.5%) vs VLT 2/30 (6.7%); P=0.01. Components: lumen occlusion requiring replacement 3 vs 0; withdrawal occlusion requiring urokinase 8 vs 1; venous thrombosis 0 vs 1
	Direct lock-vs-lock comparison. Catheter malfunctions were significantly more frequent with ELT. Component counts are source-reported and describe distinct malfunction types.

	Raad 2016
	Cancer patients; M-EDTA/EtOH lock n=30 vs CVC removal/reinsertion n=60
	Treatment through approximately 1 month after last lock dose
	Mechanical complications associated with management strategy
	ALT 0/30 vs removal/reinsertion 6/60 (10%); 3 failed insertions and 4 CVC misplacements
	Direct strategy-level comparison. Seven mechanical events occurred in six control patients; one patient had both failed insertion and misplacement. These are procedure-related harms of removal/reinsertion, not in-situ lock complications.

	Zhang 2025
	Adult hematologic malignancy; ALT+SAT n=34 vs SAT without ALT n=33
	Within 90 d from PRBSI onset
	PICC-related noninfectious complications
	ALT 3/34 (8.8%) vs no-ALT 2/33 (6.0%); P>0.99. ALT: occlusion 2, thrombophlebitis 1, malfunction 0; no-ALT: occlusion 1, thrombophlebitis 0, malfunction 1
	Direct comparative safety outcome. The source classifies thrombophlebitis here as a noninfectious catheter complication; temporary occlusions resolved by recanalization were excluded.

	Ranganath 2025
	ALT n=106 vs catheter removal n=181; mixed immunocompromised adult cohort
	Secondary safety follow-up; exact landmark varies by component
	Line-related thrombosis/thrombophlebitis and removal complications
	SVT 1/106 vs 1/181; DVT 1/106 vs 2/181; superficial thrombophlebitis 0/106 vs 1/181; line-removal complication 0/106 vs 1/181
	Direct comparative safety components; cancer-specific results are not separable. Separately, 7/106 ALT patients later had catheter removal for malfunction, which is a removal-reason outcome rather than the prespecified safety component.

	Hachem 2018
	Lock n=20 vs CVC removal/reinsertion n=24; mixed but predominantly cancer population
	During treatment and 30 d after lock completion
	Mechanical complications, including insertion failure or CVC misplacement
	0/20 vs 0/24
	Review extraction from the source statement that no complications were reported after prespecified monitoring for mechanical and infectious complications. Mixed/nonseparable population.

	Haag 2011
	Cancer patients; taurolidine lock + systemic antibiotics; n=24
	During conservative treatment
	Thrombosis, catheter occlusion, or other catheter malfunction
	0/24
	Direct zero-event report during treatment.

	Ahmad 2019
	Adult predominantly malignant hematology cohort; HCl instillation + systemic therapy; n=71
	Variable catheter course
	Mechanical dysfunction leading to CVC removal
	6/71 (8.5%)
	Direct removal reason. Authors reported no clinical observations suggesting a causal relationship to HCl instillation.

	Fernández-Hidalgo 2006
	Cancer/chemotherapy-associated episodes; ALT + systemic therapy; review-derived subgroup n=54
	During treatment; event at day 3
	Catheter thrombosis
	1/54 (1.9%)
	Review-derived cancer-specific episode (TPN + chemotherapy catheter use). Retained as a mechanical treatment-failure component.

	Kubiak 2014
	Adult CLABSI cohort treated with 70% ethanol lock; n=45; predominantly cancer
	Within 7 d after ELT initiation
	CVC not functioning well, leading to removal
	3/45 (6.7%)
	Direct mechanical removal reason. The source did not attribute these dysfunctions to ELT and later stated that no CVC malfunction or diminished integrity was documented as ELT-attributable.

	Rijnders 2005
	Antibiotic lock n=21 vs placebo lock n=23; mixed underlying conditions
	Study follow-up
	Catheter occlusion
	0/21 vs 0/23
	Direct zero-event comparative report; cancer-specific results are not separable.

	Broom 2008
	Ethanol lock treatment completers n=17; predominantly hematological malignancy
	After ELT
	Line patency / mechanical dysfunction
	No diminished line patency reported
	Qualitative safety statement only; no artificial 0/n is assigned because a formal event denominator was not reported for this statement.

	Alonso 2020
	76 adults receiving VLT + systemic antimicrobials; 73/76 malignancy
	Variable; timing of removal not separately reported
	Obstruction/malfunction leading to catheter removal
	2/76 (2.6%) overall; source reports 2/63 (3.2%) among removed catheters
	Include. The 2/76 value is review-recalculated using the full VLT cohort denominator; do not label the events as occurring specifically at 3 months.

	Ranch-Lundin 2021
	Low-dose vancomycin-heparin lock n=12 vs high-dose non-heparin vancomycin lock n=13; 22/25 advanced cancer
	End of treatment; catheter-removal follow-up through 3 mo or death
	CVC clotting/occlusion requiring removal
	Overall 1/25 (4.0%): low-dose/heparin 0/12 vs high-dose/non-heparin 1/13 (7.7%)
	Direct lock-vs-lock mechanical event. The catheter clotted at the end of treatment despite resolution of infection and required removal. Cancer status of the individual event is not separately reported.


8.2 Lock-related adverse events and tolerability
Thirteen studies reported extractable non-mechanical tolerability or treatment-related safety information; reporting thresholds ranged from all-grade adverse events to serious-event-only or qualitative safety statements.
Table 8B. Lock-related adverse events and tolerability
	Study
	Population / lock regimen
	Safety endpoint
	Result
	Status / caveat

	Lesens 2024
	ELT n=31 vs VLT n=30; 57/61 cancer, nonseparable
	Non-mechanical adverse events during study treatment
	ELT 9/31 (29.0%) vs VLT 6/30 (20.0%); P=0.41. Events were mainly asthenia/drowsiness; detectable ethanolemia 0/61.
	Direct lock-vs-lock safety comparison. Mechanical obstruction/malfunction is reported in Table 9A.

	Raad 2016
	M-EDTA/25% ethanol lock; cancer; n=30
	Lock tolerability
	1/30 (3.3%): transient alcohol taste after first dose; no recurrence or discontinuation.
	Include as treatment-related tolerability event.

	Hachem 2018
	M-EDTA-EtOH lock; n=20
	Lock-related adverse events
	0/20 reported.
	Safety was actively monitored; no lock-related adverse event reported.

	Kubiak 2014
	70% ethanol lock; n=45 CLABSI episodes
	ELT-attributable clinical adverse events
	0/45 reported; no CNS depression, arrhythmia, fatigue, headache, dizziness, nausea, light-headedness, local irritation, or flushing.
	Single-arm safety report.

	Haag 2011
	Taurolidine lock; cancer; n=24
	Symptomatic hypocalcemia / allergic reaction
	0/24.
	Clean single-arm tolerability estimate.

	Koldehoff & Zakrzewski 2004
	Taurolidine lock; n=11
	Local/systemic hypersensitivity, hematologic toxicity, or organ toxicity
	0/11 reported.
	No treatment-related toxicity reported.

	Broom 2008
	70% ethanol lock; 17 treatment completers
	Tolerability
	1/17 (5.9%): patient reported tasting alcohol.
	No other significant side effects reported.

	Ahmad 2019
	Hydrochloric acid lock; n=71
	Serious adverse events
	0/71 serious adverse events.
	Do not interpret as 0 all-grade adverse events; the source specifically reports serious events.

	Brescia 2023
	2% taurolidine lock; safety cohort n=26
	Hypersensitivity, hematologic toxicity, or organ toxicity
	0/26.
	Safety cohort included 24 CRBSI and 2 catheter-colonization cases.

	Lebeaux 2025
	Gentamicin-EDTA-Na2 lock; n=8
	Treatment-related adverse events / systemic exposure
	0/8 treatment-related adverse events. Two serious adverse events occurred but were not attributed to the lock; no relevant ionized-calcium reduction and gentamicin levels were negative.
	Protocol safety cohort; small single-arm study.

	Tatarelli 2015
	Daptomycin lock; n=8
	Treatment toxicity
	No toxicity reported.
	Qualitative source statement; no artificial 0/8 event estimate assigned.

	Ranch-Lundin 2021
	Low-dose vancomycin+heparin n=12 vs high-dose vancomycin without heparin n=13
	Non-mechanical adverse event
	0/12 vs 1/13 (7.7%): reversible renal failure probably related to high serum vancomycin.
	Catheter occlusion in the high-dose arm is reported separately in Table 9A.

	Zhang 2025
	ALT n=34
	Adverse effects during ALT
	0/34 apparent treatment-related adverse effects reported during ALT.
	Later catheter-related noninfectious events are reported in Table 9A.


No pooled safety rate was calculated because event definitions, ascertainment intensity, and reporting thresholds differed materially across studies.
9. Prognostic Factors and Treatment-Outcome Associations
Eleven studies reported prognostic or treatment-outcome associations within the main ALT/conservative-treatment evidence base. The main manuscript emphasized Freire 2018, Zhang 2025, Ranganath 2025, and Del Pozo 2009 (CoNS); additional associations are retained below for completeness.
Table 9A. Prognostic factors and associations with treatment outcomes
	Study
	Outcome
	Factor(s)
	Effect / association
	Analysis status
	Population / caveat

	Freire 2018
	Initial treatment failure
	Higher SOFA; palliative care; ALT as initial treatment
	SOFA OR 1.19 per point (95% CI 1.07-1.32), P=0.002; palliative care OR 3.08 (1.47-6.44), P=0.003; ALT protective OR 0.44 (0.21-0.94), P=0.03.
	Multivariable model
	Cancer cohort; directly relevant to management of LTCVC-associated infection.

	Freire 2018
	30-day infection-related mortality
	Higher SOFA; MDR bacterial infection; palliative care; hematological malignancy; protocol adherence; ALT as initial treatment
	SOFA HR 1.38 (1.26-1.50), P<0.001; MDR HR 2.07 (1.12-3.81), P=0.02; palliative care HR 2.74 (1.44-5.23), P=0.002; hematological malignancy HR 0.50 (0.25-0.97), P=0.04; protocol adherence HR 0.51 (0.29-0.89), P=0.02; ALT HR 0.29 (0.09-0.94), P=0.04.
	Multivariable model
	Cancer cohort; mortality model is distinct from the treatment-failure model.

	Zhang 2025
	PICC removal
	PCT >2 ng/mL; inadequate empirical therapy; ALT management
	PCT OR 4.687 (1.195-18.39), P=0.027; inadequate empirical therapy OR 5.509 (1.483-20.473), P=0.011; ALT protective OR 0.276 (0.082-0.927), P=0.037.
	Multivariable logistic regression
	Outcome is PICC removal, not microbiological relapse.

	Ranganath 2025
	Microbiological relapse after ALT
	CoNS bloodstream infection
	OR 2.28 (95% CI 1.00-5.21), P=0.05.
	Adjusted model in ALT-treated patients
	Mixed immunocompromised population; cancer-specific effect not separable.

	Del Pozo 2009, CoNS
	Treatment failure
	Persistent fever during first 48 h
	33.7-fold higher failure risk; P=0.02.
	Cox model; only significant predictor
	Age, sex, neutropenia, parenteral nutrition, catheter age, systemic/oral antimicrobial use, route/type of antimicrobial, and lock agent were also evaluated.

	Lafaurie 2023
	Same-CoNS TIVAP-RI relapse
	Continuous vs intermittent VLT; systemic antibiotic duration >=5 d
	Continuous VLT: cause-specific HR 0.27 (0.07-1.01), P=0.05; systemic antibiotics >=5 d: HR 0.40 (0.15-1.03), P=0.057.
	Univariate cause-specific hazard analysis
	Cancer-only cohort. Continuous VLT was associated with lower relapse; systemic-duration association did not reach the study threshold for statistical significance.

	Wintenberger 2012
	Cure with catheter preservation in ALT-treated episodes
	Guideline-compliant indication for conservative treatment
	Associated with cure with catheter preservation; P=0.01. Overall cure in the full cohort was also associated with guideline compliance (P=0.03) and adaptation of systemic antimicrobial therapy (P<0.01).
	Univariate/management association
	31 ALT episodes; mixed hospital population. ALT-specific association is the P=0.01 finding.

	Santarpia 2016
	CVC removal / failure of CVC saving
	Methicillin resistance; vancomycin MIC >=1 mg/L
	Both were reported to strongly increase the probability of CVC removal; no effect estimate provided. Catheter type did not affect probability of CVC saving.
	Qualitative/descriptive association
	Predominantly oncological HPN cohort (127/172 oncological); cancer-specific effect estimate not separable.

	Krümpelmann 2021
	Failure of conservative systemic antibiotic + ALT treatment
	Short interval from port implantation to infection; neutropenia; polymicrobial infection; suboptimal therapy
	All were more frequent among failures; all 4 patients receiving suboptimal therapy failed treatment.
	Descriptive/unadjusted
	Predominantly neoplastic cohort; no adjusted effect estimates reported for these factors.

	Rijnders 2005
	Time to treatment failure
	TPN use; bacterial species; catheter type; neutropenia
	None was associated with outcome in the multivariable Cox model.
	Adjusted null findings
	Mixed cohort and two pediatric patients; underpowered randomized study.

	Bookstaver 2010
	30-day blood/CVC sterilization
	Longer ALT duration
	OR 1.367 for each additional treatment day above the mean (~8.9 d); P=0.077. Nine of 10 patients receiving >=10 d ALT achieved sterilization.
	Logistic regression; significant by prespecified alpha=0.10
	Contextual/sensitivity evidence only: mixed indication and predominantly pediatric cohort (62% <18 y). Agent-specific sterilization rates are descriptive, not independent predictors.

	Fernández-Hidalgo 2006
	Therapeutic failure
	Infecting organism
	Failure: CoNS 9/56 (16%); S. aureus 9/20 (45%); P. aeruginosa 1/5 (20%); polymicrobial 1/8 (12%).
	Descriptive etiology-specific rates
	Whole mixed adult cohort; cancer-associated failure rates were not separately reported, so this is not a cancer-specific independent predictor.


Table 9B. Broader prognostic analyses not specific to ALT-treated patients
	Study
	Analysis population
	Outcome
	Factor(s)
	Result
	Reason kept separate

	Joo 2011
	38 initial catheter-salvage attempts in febrile neutropenic cancer patients; only 11/38 received ALT
	Failure of initial catheter salvage
	Gram-negative pathogen; male sex; presence of complication
	Gram-negative pathogen independently predicted failure: OR 6.73 (95% CI 1.0-45.37), P<0.05. Male sex, Gram-negative pathogen, and complication were associated with failure in univariate analysis.
	Predictor analysis concerns salvage strategy overall, not ALT-treated patients specifically.

	Vidal 2016
	97 patients with solid cancer and TIVAP-related infection; 22 received lock therapy
	Infectious complications during 12-week follow-up
	Delay in TIVAP removal
	Removal >1 week after removal decision: OR 8.3 (95% CI 2.1-31.8), P=0.002; removal >1 week after clinical signs: OR 8.9 (1.8-44.2), P=0.007.
	Adjusted analysis applies to the full infection-management cohort, not the lock-treated subgroup.


10. Comparative Effectiveness of Specific Active Lock Regimens
Three studies provided head-to-head comparisons between active lock regimens: Lesens 2024, Del Pozo 2009 (CoNS), and Ranch-Lundin 2021. These comparisons were synthesized narratively and were not formally pooled.
Table 10. Head-to-head comparisons of active lock regimens
	Study
	Design
	Active-lock comparison
	Outcome
	Result
	Interpretive caveat

	Lesens 2024 (ETHALOCK)
	Randomized double-blind active-lock trial
	40% ethanol-based lock vs vancomycin lock
	Treatment success / failure
	Success 18/31 (58.1%) vs 14/30 (46.7%); P=0.37; HR for failure 0.70 (95% CI, 0.34-1.46)
	No clear efficacy difference; catheter malfunction was more frequent with ethanol (11/31 vs 2/30; P=0.01).

	Del Pozo 2009 (CoNS)
	Prospective sequential active-lock cohort
	Teicoplanin vs vancomycin lock
	Treatment success and port survival
	Success 17/17 (100%) vs 22/27 (81.5%); P=0.13; cumulative port survival 100% vs 77%, log-rank P=0.06
	Nonrandomized sequential treatment periods; calendar-time confounding limits causal interpretation.

	Ranch-Lundin 2021
	Retrospective active-lock comparison
	Low-concentration vancomycin + heparin vs higher-concentration vancomycin without heparin
	Infection resolution / catheter removal
	Resolution 6/12 (50.0%) vs 10/13 (76.9%); P=0.23; removal 6/12 vs 4/13; P=0.43
	Regimens differed in both vancomycin concentration and heparin content; concentration-response inference is not valid.


11. Analysis Datasets Used for Quantitative Synthesis and Sensitivity Analyses
This section documents the exact study-level numerators and denominators used in the quantitative analyses. Analyses that changed only the statistical model or interval estimator used the same study-level dataset as the corresponding primary analysis and are therefore identified without duplicating the raw rows. Leave-one-out analyses sequentially omitted one study from the stated primary dataset. Comparative datasets are kept separate by study design and comparator strategy.
11.1 Early clinical response
Table 11A. Analysis dataset for early clinical response
	Study
	Events
	Total
	Primary GLMM (k=6)
	Directly reported sensitivity
	Explicit <=7-d timing sensitivity
	Comparative data

	Hachem 2018
	15
	16
	Yes
	Yes
	Yes
	15/16 vs 17/17

	Raad 2016
	19
	19
	Yes
	Yes
	Yes
	19/19 vs 44/45

	Vassallo 2017
	21
	21
	Yes
	Yes
	No - exact fixed day NR
	No direct non-ALT contrast used

	Haag 2011
	20
	24
	Yes
	No - complement-derived
	Yes
	No

	Fernández-Hidalgo 2006
	51
	54
	Yes
	No - complement-derived
	Yes
	No

	Del Pozo 2009 (CoNS)
	41
	44
	Yes
	No - complement-derived
	Yes
	No


Primary dataset: 167/178 favorable responses across 6 studies. Directly reported sensitivity: Hachem, Raad, and Vassallo only (55/56). Explicit-timing sensitivity: all primary studies except Vassallo (146/157). Leave-one-out and alternative two-stage models used the six-study primary dataset. Comparative early clinical evidence was not pooled because only Hachem and Raad provided aligned nonrandomized comparisons and failures were very sparse.
11.2 Early microbiological response
Table 11B. Analysis dataset for early microbiological response
	Study
	Events
	Total
	Primary GLMM (k=9)
	Exclude Krümpelmann
	Explicit timing sensitivity
	Exclude complement-derived outcomes

	Koldehoff & Zakrzewski 2004
	11
	11
	Yes
	Yes
	No - exact clearance day not reported
	Yes

	Sánchez-Muñoz 2005
	11
	13
	Yes
	Yes
	Yes
	Yes

	Broom 2008
	17
	17
	Yes
	Yes
	Yes
	Yes

	Tatarelli 2015
	6
	8
	Yes
	Yes
	Yes
	Yes

	Hachem 2018
	19
	20
	Yes
	Yes
	Yes
	Yes

	Brescia 2023
	24
	24
	Yes
	Yes
	Yes
	Yes

	Krümpelmann 2021
	24
	52
	Yes
	No
	No - exact harmonized clearance timing/construct less aligned
	Yes

	Vassallo 2024
	21
	22
	Yes
	Yes
	Yes
	No - complement-derived failure endpoint

	Ranganath 2025
	97
	106
	Yes
	Yes
	Yes
	No - complement-derived failure endpoint


Primary dataset: 230/273 favorable responses across 9 studies. Excluding Krümpelmann leaves 206/221 across 8 studies. The explicit-timing sensitivity excluded Koldehoff and Krümpelmann. The complement-derived sensitivity excluded Vassallo 2024 and Ranganath 2025. Exclusion of the predominantly oncology/HCT mixed Ranganath cohort used the other eight studies. Leave-one-out and alternative model sensitivities used the primary nine-study dataset unless otherwise specified.
11.3 Sustained infection resolution
Table 11C. Analysis dataset for sustained infection resolution
	Study
	Events
	Total
	Primary GLMM
	Exclude Bookstaver
	Exclude Freire
	Strict combined clinical + microbiological

	Viale 2003
	9
	9
	Yes
	Yes
	Yes
	Yes

	Lebeaux 2025
	5
	6
	Yes
	Yes
	Yes
	Yes

	Longuet 2001
	3
	6
	Yes
	Yes
	Yes
	Yes

	Del Pozo 2009 (non-CoNS)
	15
	17
	Yes
	Yes
	Yes
	Yes

	Bookstaver 2010
	5
	6
	Yes
	No
	Yes
	No - microbiological-only

	Freire 2018
	46
	57
	Yes
	Yes
	No
	No - absence of persistence/recurrence construct


Primary dataset: 83/101 across 6 studies. Excluding Bookstaver used 5 studies; excluding Freire used 5 studies. The strict combined clinical + microbiological sensitivity comprised Viale, Lebeaux, Longuet, and Del Pozo (32/38). Leave-one-out, Freeman-Tukey REML, and truncated Knapp-Hartung analyses used the six-study primary dataset. Freire comparative data (46/57 vs 91/155; adjusted OR for failure 0.44, 95% CI 0.21-0.94) were evaluated separately.
11.4 Short-term catheter salvage
Table 11D. Analysis dataset for short-term catheter salvage
	Study
	Events
	Total
	Primary GLMM
	Exclude Fortún
	Cancer-only/cancer-specific subset
	Comparative role

	Zanwar 2019
	13
	15
	Yes
	Yes
	No
	Primary comparative: 13/15 vs 5/9

	Broom 2008
	12
	17
	Yes
	Yes
	No
	No

	Tejwani & Parry 2011
	26
	32
	Yes
	Yes
	Yes
	No

	Joo 2011
	9
	11
	Yes
	Yes
	Yes
	Sensitivity comparative: 9/11 vs 11/27; critical RoB

	Hachem 2018
	19
	20
	Yes
	Yes
	No
	Comparator planned removal; no symmetric salvage contrast

	Fortún 2006
	16
	19
	Yes
	No
	No
	Primary comparative: 16/19 vs 19/29

	Fernández-Hidalgo 2006
	46
	54
	Yes
	Yes
	Yes
	No

	Del Pozo 2009 (non-CoNS)
	15
	17
	Yes
	Yes
	Yes
	No

	Vassallo 2017
	16
	21
	Yes
	Yes
	Yes
	No

	Vassallo 2024
	21
	22
	Yes
	Yes
	No
	No

	Bookstaver 2010
	4
	6
	Yes
	Yes
	Yes
	No


Primary absolute dataset: 197/234 across 11 studies. Excluding Fortún leaves 10 studies. The cancer-only/cancer-specific sensitivity comprised Tejwani & Parry, Joo, Fernández-Hidalgo, Del Pozo non-CoNS, Vassallo 2017, and Bookstaver (116/141). Leave-one-out and Freeman-Tukey REML used the 11-study primary dataset. The exploratory short-term comparative meta-analysis used Fortún and Zanwar; Joo was added only in a critical-risk-of-bias sensitivity analysis.
11.5 Catheter salvage at approximately 3 months
Table 11E. Primary approximately 3-month catheter-salvage dataset
	Study
	Events
	Total
	Data status
	Landmark / caveat

	Ranganath 2025
	60
	106
	Review-derived
	Explicit 90 d

	Ranch-Lundin 2021
	15
	25
	Review-derived
	Explicit 90 d

	Zhang 2025
	26
	34
	Direct ALT arm
	Explicit 90 d

	Sánchez-Muñoz 2005
	11
	13
	Adult-only
	Explicit 3 mo

	Lafaurie 2023
	60
	93
	Review-harmonized
	3 mo; 44/77 retained as stricter complete-case sensitivity

	Bayoudh 2024
	10
	17
	Direct
	3 mo

	Tatarelli 2015
	6
	8
	Direct
	3 mo

	Lesens 2024
	32
	61
	Combined active-lock arms
	Week 14 +/- 4 d; closely aligned

	Alonso 2020
	45
	76
	Review-harmonized
	90 d / end-of-use components


Primary approximately 3-month dataset: 265/433 across 9 studies. The primary GLMM, Freeman-Tukey REML, and truncated Knapp-Hartung analyses all used these same nine study-level data. A derivation sensitivity for Lafaurie can replace 60/93 with the stricter complete-case 44/77 without altering the remaining studies.
11.6 Broad later catheter-salvage dataset retained as supplementary exploratory analysis
Table 11F. Broad later-salvage dataset (approximately 3 months to variable/extended follow-up)
	Study
	Events
	Total
	In strict approximately 3-month subset?

	Ranganath 2025
	60
	106
	Yes

	Ranch-Lundin 2021
	15
	25
	Yes

	Zhang 2025
	26
	34
	Yes

	Sánchez-Muñoz 2005
	11
	13
	Yes

	Lafaurie 2023
	60
	93
	Yes

	Bayoudh 2024
	10
	17
	Yes

	Tatarelli 2015
	6
	8
	Yes

	Lesens 2024
	32
	61
	Yes

	Alonso 2020
	45
	76
	Yes

	Rijnders 2005
	14
	21
	No - ~6 mo

	Del Pozo 2009 (CoNS)
	39
	44
	No - extended

	Kubiak 2014
	37
	45
	No - variable

	Ahmad 2019
	43
	71
	No - variable

	Wintenberger 2012
	8
	31
	No - variable

	Haag 2011
	16
	24
	No - timing incompletely fixed

	Santarpia 2016
	22
	33
	No - timing NR

	Santarpia 2010
	103
	139
	No - variable

	Koldehoff & Zakrzewski 2004
	8
	11
	No - recurrence window 2-4 mo


Broad later-salvage dataset: 18 studies, N=852. This dataset generated the supplementary exploratory GLMM estimate of 66.4%. The nine rows flagged Yes form the more clinically interpretable approximately 3-month analysis used in the main manuscript. Exclusion of Wintenberger and leave-one-out analyses used this 18-study dataset; exploratory lock-class subgroup analyses also arose from this broad dataset and were not interpreted as comparative effectiveness estimates.
11.7 Same-organism relapse within approximately 30 days
Table 11G. Analysis dataset for short-term same-organism relapse
	Study
	Relapse events
	Total
	Primary GLMM
	Exclude review-derived Fernández-Hidalgo

	Sánchez-Muñoz 2005
	1
	13
	Yes
	Yes

	Fernández-Hidalgo 2006
	3
	54
	Yes
	No - review-derived subgroup

	Fortún 2006
	2
	19
	Yes
	Yes

	Broom 2008
	1
	17
	Yes
	Yes

	Del Pozo 2009 (non-CoNS)
	1
	17
	Yes
	Yes

	Vassallo 2017
	3
	21
	Yes
	Yes


Primary dataset: 11/141 across 6 studies. Excluding Fernández-Hidalgo leaves 8/87 across 5 studies. Logit-REML, Freeman-Tukey REML, and leave-one-out analyses otherwise used the six-study primary dataset.
11.8 Same-organism relapse during 31-100 days and broader extended follow-up
Table 11H. Later-relapse analysis dataset and strict-window membership
	Study
	Relapse events
	Total
	Strict 31-100-d primary set
	Caveat

	Ranganath 2025
	21
	106
	Yes
	Direct 90 d

	Zhang 2025
	2
	26
	Yes
	Conditional denominator among retained PICCs

	Bayoudh 2024
	3
	17
	Yes
	~90 d

	Bookstaver 2010
	1
	6
	Yes
	30-90 d

	Viale 2003
	0
	9
	Yes
	~28-90 d

	Lebeaux 2025
	1
	6
	Yes
	Day 40 to ~100 d

	Lafaurie 2023
	15
	77
	Yes
	3 mo evaluable denominator

	Rijnders 2005
	3
	21
	No
	Extended ~6 mo

	Del Pozo 2009 (CoNS)
	2
	44
	No
	Extended

	Wintenberger 2012
	4
	31
	No
	Variable long-term


Strict 31-100-day dataset: 43/247 across 7 studies. Excluding Zhang leaves 41/221 across 6 studies. The Freeman-Tukey REML analysis used the same seven-study strict dataset. The broader exploratory dataset comprised all 10 rows (52/343) and was retained only in supplementary analyses.
11.9 Comparative microbiological relapse
Table 11I. Comparator-specific datasets for comparative microbiological relapse
	Study
	Comparator stratum
	ALT relapse
	ALT no relapse
	Control relapse
	Control no relapse
	Analysis role

	Rijnders 2005
	Placebo-lock RCT
	3
	18
	9
	14
	Reported separately; not pooled with NRSI

	Ranganath 2025
	Catheter removal/reinsertion
	21
	85
	12
	169
	NRSI removal-strategy meta-analysis

	Vidal 2016
	Catheter removal/reinsertion
	4
	18
	1
	74
	Secondary clinician-directed exposure contrast

	Raad 2016
	Catheter removal/reinsertion
	0
	30
	3
	57
	NRSI removal-strategy meta-analysis

	Fortún 2006
	Systemic/no active ALT
	2
	17
	3
	26
	No-active-lock meta-analysis

	Zhang 2025
	Systemic/no active ALT
	2
	24
	1
	16
	Conditional retained-PICC denominator

	Wintenberger 2012
	Systemic/no active ALT
	4
	27
	2
	18
	Review-derived comparator; variable follow-up


Randomized evidence (Rijnders) was kept separate. The catheter-removal/reinsertion exploratory NRSI synthesis used Ranganath, Vidal, and Raad and yielded the previously reported highly imprecise mKH estimate. The no-active-lock exploratory synthesis used Fortún, Zhang, and Wintenberger. No overall effect was calculated across comparator strata.
11.10 Infection-attributable mortality - absolute analysis
Table 11J. Primary 16-study infection-attributable mortality dataset
	Study
	ALT-treated infection-attributable mortality
	Key data-status caveat

	Ranganath 2025
	1/106 (0.9%)
	Direct source attribution; cancer-specific outcome not separable.

	Freire 2018
	1/62 (1.6%)
	Study-defined infection-related mortality; all-cause mortality kept separate.

	Raad 2016
	0/30
	Bacteremia-related deaths explicitly zero in both groups.

	Haag 2011
	0/24
	Direct source report of no CRBSI-attributable death.

	Vidal 2016
	1/22 (4.5%)
	Lock-group count direct; non-lock value reconstructed from the reported overall attributable deaths.

	Lafaurie 2023
	1/100 (1.0%)
	Direct full-cohort attributable mortality.

	Bayoudh 2024
	0/17
	No BSI-related death in the all-zero parent cohort.

	Lesens 2024
	0/61 across active-lock arms
	All reported deaths were attributed to underlying disease rather than TIVAD infection.

	Sánchez-Muñoz 2005
	0/13
	Adult-only zero-event estimate after exclusion of one pediatric participant.

	Fortún 2006
	1/19 (5.3%)
	Direct attributable-mortality comparison; cancer-specific values not separable.

	Wintenberger 2012
	1/31 (3.2%)
	ALT count direct; comparator reconstructed by subtraction from conservative-treatment totals.

	Zhang 2025
	3/34 (8.8%)
	Direct comparative mortality counts.

	Alonso 2020
	1/76 (1.3%)
	Direct overall attributable mortality; cancer status of the single death was not reported, so no cancer-only numerator was derived.

	Zanwar 2019
	0/15
	No CRBSI-attributable deaths in either CRBSI group; mixed-age HSCT cohort.

	Fernández-Hidalgo 2006
	0/54
	Review-derived cancer-associated subgroup; the single CRB-related death in the parent cohort occurred outside this subgroup.

	Viale 2003
	0/9
	Cancer-subgroup zero-event inference from an all-zero parent cohort.


Primary absolute dataset: 16 studies, N=673, 10 infection-attributable deaths. The primary binomial-logit GLMM, Bayesian hierarchical sensitivity models, and Freeman-Tukey REML sensitivity analysis used this same 16-study dataset. No mortality analysis in this file is stratified by follow-up duration, because the available reports did not support a sufficiently consistent infection-attributable follow-up framework.
11.11 Comparative infection-attributable mortality
Table 11K. Comparator-specific mortality datasets
	Study
	Comparator stratum
	ALT deaths
	ALT survivors
	Control deaths
	Control survivors
	Analysis role / caveat

	Ranganath 2025
	Catheter removal/reinsertion
	1
	105
	4
	177
	Direct comparison; descriptive comparator-specific evidence

	Raad 2016
	Catheter removal/reinsertion
	0
	30
	0
	60
	Double-zero; no estimable RR

	Vidal 2016
	Catheter removal/reinsertion
	1
	21
	3
	72
	Secondary/review-derived comparator; not treated as direct primary evidence

	Bayoudh 2024
	Catheter removal
	0
	17
	0
	7
	Descriptive device-driven pathways; double-zero

	Fortún 2006
	Systemic/no active ALT
	1
	18
	2
	27
	Included in exploratory RR meta-analysis

	Zhang 2025
	Systemic/no active ALT
	3
	31
	4
	29
	Included in exploratory RR meta-analysis

	Freire 2018
	Systemic/no active ALT
	3
	54
	47
	108
	Review-level 30-d infection-related mortality contrast reconstructed from Table 6; adjusted HR 0.29 (0.09-0.94)

	Wintenberger 2012
	Systemic/no active ALT
	1
	30
	3
	17
	Review-derived comparator; included in exploratory RR meta-analysis

	Zanwar 2019
	Systemic/no active ALT
	0
	15
	0
	9
	Double-zero; not estimable for RR


The exploratory no-active-lock RR meta-analysis used the four estimable studies Fortún, Zhang, Freire, and Wintenberger; Zanwar was double-zero and therefore did not contribute an estimable RR. Leave-one-out analysis used these four studies sequentially. Exclusion of Freire left Fortún, Zhang, and Wintenberger. Catheter-removal/reinsertion comparisons were interpreted separately and were not combined with the no-active-lock estimand.
11.12 Outcomes synthesized narratively rather than meta-analyzed
Table 11L. Quantitative-analysis status of remaining main-manuscript outcomes
	Outcome
	Meta-analysis status
	Data retained
	Reason

	Hospital length of stay
	No pooled dataset
	Ranganath comparative; Alonso descriptive
	Different populations and only one direct comparative study

	Systemic antimicrobial duration
	No pooled dataset
	Ranganath; Raad; Hachem; Zanwar comparative; additional single-arm descriptive studies
	Different comparator strategies and summary metrics

	Mechanical/procedure-related complications
	No pooled dataset
	Study-level counts retained in Table 8A
	Clinically distinct in-situ device events and procedure-related harms

	Lock-related adverse events/tolerability
	No pooled dataset
	Study-level counts retained in Table 8B
	Heterogeneous ascertainment, formulations, and reporting thresholds

	Prognostic factors / treatment-outcome associations
	No pooled dataset
	Adjusted study-specific models retained
	Different predictors, endpoints, and adjustment models

	Active-lock regimen comparisons
	No pooled dataset
	Lesens; Del Pozo CoNS; Ranch-Lundin
	Distinct formulations and non-comparable treatment contrasts


12. Additional Harmonized Outcomes Retained for Supplementary Completeness
The outcomes in this section were extracted and harmonized but were not emphasized as principal outcome sections in the main Results. They are retained to preserve study-level information and to prevent recurrence, infectious complications, or catheter-duration data from being lost or inappropriately merged with the main estimands.
12.1 Same-organism relapse with longer or variable follow-up
Four studies reported same-organism relapse beyond the two primary relapse windows or with longer/variable follow-up: Rijnders 2005, Del Pozo 2009 (CoNS), Wintenberger 2012, and Sánchez-Muñoz 2005.
Table 12A. Longer/variable same-organism relapse
	Study
	Design
	Time point
	Recurrence definition used in this review
	Result
	Status / caveat

	Rijnders 2005
	Randomized blinded placebo-controlled trial
	Up to 180 d
	Recurrent bacteremia due to the same phenotypic strain (same species and antibiogram), with the catheter as presumed focus.
	Antibiotic lock 3/21 (14.3%) vs placebo 9/23 (39.1%), P=0.06
	Direct comparative relapse outcome; mixed oncology/non-oncology population and 2 pediatric participants.

	Del Pozo 2009, CoNS
	Prospective sequential active-lock cohort
	Minimum 12 mo or until port removal/death
	Same-index CoNS relapse after initial clinical/microbiological response.
	Overall 2/44 (4.5%); teicoplanin 0/17 vs vancomycin 2/27 (7.4%)
	All cancer. Relapses occurred at widely separated times (including early and late events), so retained under the study's long-term follow-up framework.

	Wintenberger 2012
	Retrospective nonrandomized comparative cohort
	Variable long-term / common study end
	Reappearance of bacteremia with the same organism and susceptibility pattern after initial cure.
	ALT 4/31 (12.9%) vs no-ALT conservative 2/20 (10.0%)
	Mixed population; no-ALT count is review-derived from the conservative-treatment totals. Exploratory only.

	Sánchez-Muñoz 2005
	Prospective single-arm oncology series
	At least 4 mo follow-up after successful salvage
	Breakthrough/recurrent bacteremia after successful initial response and catheter salvage.
	Adult successful responders: 0/11
	Conditional durability estimate, not an unconditional recurrence risk; denominator is adult patients who first achieved successful salvage.


12.2 Reinfection, new-pathogen bloodstream infection, and incompletely classified recurrence
Twelve studies reported reinfection/new-pathogen BSI or recurrence that could not be uniformly classified as strict same-organism relapse.
Table 12B. Reinfection/new-pathogen BSI and incompletely classified recurrence
	Study
	Design
	Time point
	Recurrence definition used in this review
	Result
	Status / caveat

	Ranganath 2025
	Retrospective comparative cohort with IPTW analysis
	90 d after therapy
	Recurrent BSI = isolation of a different pathogen after completing therapy.
	ALT 18/106 (17%) vs line removal 22/181 (12%); IPTW OR 0.84 (95% CI 0.39-1.79), P=0.64
	Direct adjusted reinfection/new-pathogen outcome; mixed population.

	Lesens 2024
	Randomized double-blind active-lock trial
	Week 14 +/- 4 d / end of TIVAD use
	Superinfection = subsequent TIVAD infection due to a different pathogen.
	ELT 6/31 (19.4%) vs VLT 7/30 (23.3%), P=0.70
	Primary-paper arm counts; 57/61 had cancer, but outcomes are not cancer-separable.

	Lafaurie 2023
	Prospective multicentre single-arm cancer cohort
	3 mo
	TIVAP-RI recurrence after VLT, classified as relapse (same CoNS) or reinfection (different CoNS/organism).
	22/77 evaluable (28.6%): 15 relapse (19.5%) + 7 reinfection (9.1%)
	The 3-month evaluable denominator is 77 (44 successes + 33 failures; 16 event-free deaths and 7 missing excluded). The 33 are total treatment failures, not 33 recurrences. Among the 33 failures, 22 involved recurrence; the paper notes that these 22 recurrences occurred among the 51 ports reused after VLT.

	Ahmad 2019
	Retrospective hematology cohort
	Variable follow-up
	Secondary catheter-associated infection after HCl treatment; distinct from antibacterial treatment failure of the index infection.
	9/71 (12.7%)
	Predominantly malignant hematology (66/71 acute leukemia); small non-malignant subset inseparable.

	Broom 2008
	Prospective multicentre pilot
	Post-treatment; variable
	New catheter infection caused by a different organism after index treatment.
	6/17 completers (35.3%)
	18/19 enrolled had hematologic malignancy; one pediatric ESRF patient inseparable. In addition, a day-41 same-species P. aeruginosa episode had a different susceptibility pattern and was interpreted by the authors as probable reinfection rather than relapse.

	Zanwar 2019
	Retrospective HSCT cohort
	10 d after completing 14-d ALT course
	New CRBSI caused by a different organism after treatment.
	1/15 ALT-treated CRBSI cases (6.7%)
	Hematologic malignancy/HSCT population but mixed ages (including pediatric patients); sensitivity/descriptive evidence.

	Brescia 2023
	Retrospective single-arm cancer cohort
	Day 25
	Recurrent CRBSI after documented early clinical/microbiological cure; same species reported but strain typing not available.
	1/24 CRBSI (4.2%)
	All cancer. Recurrent E. coli episode responded to repeat taurolidine lock; port remained usable >4 mo.

	Koldehoff & Zakrzewski 2004
	Prospective pilot case series
	2-4 mo
	Recurrent CRBSI after initial complete recovery; same/new organism distinction not sufficiently standardized for strict relapse classification.
	3/11 (27.3%)
	All oncologic; all recurrences were successfully retreated.

	Kubiak 2014
	Retrospective single-arm CLABSI cohort
	Days 51 and 115 / variable FU
	Late recurrent bacteremia after initial management; organism/strain attribution not sufficiently standardized for strict same-index relapse.
	2/45 (4.4%)
	Mixed cohort (34/45 malignancy). Three additional persistent bacteremias were early non-clearance and are not recurrence.

	Vidal 2016
	Prospective nonrandomized comparative cancer cohort
	Approx. 12 wk
	Study-reported relapse during follow-up; accessible extraction does not establish a uniform same-strain rule.
	ALT 4/22 (18.2%) vs catheter-removal strategy 1/75 (1.3%)
	All solid-tumor cancer; strong confounding by indication and management strategy.

	Haag 2011
	Retrospective cancer case series
	Follow-up NR
	Study-reported recurrence after conservative treatment; organism identity/time not sufficiently specified for strict relapse grouping.
	1/24 (4.2%)
	All cancer; descriptive only.

	Raad 2016
	Prospective nonrandomized comparative cancer cohort
	Study follow-up; fixed relapse landmark NR
	Study-reported relapse during follow-up; the paper reports relapse as an infectious complication but does not provide a sufficiently explicit same-organism definition for strict microbiological-relapse pooling.
	Lock 0/30 (0%) vs CVC removal/reinsertion 3/60 (5.0%)
	All cancer. Retained as undifferentiated study-reported relapse/recurrence rather than strict same-index relapse.


12.3 Reported time to relapse or recurrent bloodstream infection
Table 12C. Time-to-recurrence metrics
	Study
	Event
	Population / comparison
	Time metric
	Reported value
	Interpretation / caveat

	Ranganath 2025
	Microbiological relapse
	ALT vs line removal
	Median time to event
	23 d (IQR 7-55) vs 26 d (7-58.5); adjusted P=0.95
	Same-index organism relapse within 90 d; no meaningful difference in time to relapse.

	Ranganath 2025
	Recurrent BSI (different pathogen)
	ALT vs line removal
	Median time to event
	35 d (IQR 27-50) vs 43 d (22-71); adjusted P=0.07
	Different-pathogen recurrent BSI within 90 d.

	Lafaurie 2023
	TIVAP-related relapse
	Cancer patients with recurrence after VLT
	Median delay after last VLT day
	12 d (95% CI 11-13)
	Subtype timing pertains to relapse after completion of VLT; high competing mortality limits long-term observation.


12.4 Infection-related complications
Eleven studies reported extractable infection-related complication data. Recurrence/reinfection and infection-attributable mortality remain separate domains and should not be summed with these complication events.
Table 12D. Infection-related complications after lock-based conservative management
	Study
	Population / comparison
	Assessment window
	Infectious complication endpoint
	Result
	Status / caveat

	Fernández-Hidalgo 2006
	Cancer/chemotherapy-associated episodes; ALT + systemic therapy; review-derived subgroup n=54
	During treatment; event at day 4
	Subcutaneous tunnel infection
	1/54 (1.9%)
	Include; review-derived cancer-specific episode. The second tunnel infection in the parent cohort occurred in an HD-associated episode and is excluded.

	Broom 2008
	Ethanol lock + systemic therapy; 17 treatment completers; parent cohort 18/19 adult hematological malignancy
	Post-ELT; events reported from day 6 to day 41
	Exit-site infection
	3/17 (17.6%)
	Include descriptively. Events included Mycobacterium exit-site infection, Pseudomonas sepsis with exit-site infection, and Pseudomonas bacteremia with exit-site infection. These events overlap with reinfection outcomes and should not be summed with recurrence.

	Haag 2011
	Cancer patients; taurolidine lock + systemic antibiotics; n=24
	During conservative treatment
	Septic complications (SIRS, endocarditis, septic embolism, septic osteomyelitis)
	0/24
	Include; no septic complication, hemodynamic instability, or ICU transfer was reported during treatment.

	Raad 2016
	Cancer patients; M-EDTA/EtOH lock n=30 vs CVC removal/reinsertion n=60
	Treatment through approximately 1 month after last lock dose
	Septic thrombophlebitis and deep-seated infection
	ALT 0/30 vs control 5/60 (3 septic thrombophlebitis; 2 deep-seated infections)
	Include; non-recurrence infectious complications are review-derived from source components. The source composite of 7/60 patients also included 3 relapses and is not used here to avoid double counting.

	Hachem 2018
	Lock n=20 vs CVC removal/reinsertion n=24; mixed but predominantly cancer population
	During lock therapy and 30 d after completion
	Deep-seated / infectious complications
	0/20 vs 0/24
	Include; zero events were reported in both groups over the specified safety follow-up.

	Vassallo 2017
	Cancer patients; daptomycin lock + systemic therapy; n=21
	Treatment through approximately 30 d
	Metastatic infectious focus or endocarditis
	0/21
	Include; no infection-related metastatic complication or endocarditis occurred, including among treatment failures.

	Bayoudh 2024
	Allo-HCT; conservative port strategy with ALT n=17
	Within 3 mo; cellulitis occurred with recurrent BSI
	Port-site cellulitis
	1/17 (5.9%)
	Include, but overlapping event: cellulitis occurred in the same patient as recurrent VAD-BSI. Do not add this event to the recurrence count when summarizing total complications.

	Vidal 2016
	Solid cancer; lock n=22 vs no-lock n=75; review-derived arm attribution
	12 wk
	Local abscess, TIVAP exteriorization, or spondylitis (excluding relapse and infection-related death)
	ALT 0/22 vs no-ALT 4/75 (2 local abscesses; 1 TIVAP exteriorization; 1 spondylitis)
	Include as component-based review-derived comparison. All 5 complications explicitly reported in the lock group were 4 relapses and 1 infection-related death; the 2 abscesses, 1 TIVAP exteriorization, and 1 spondylitis therefore occurred outside the lock group. The source explicitly classifies TIVAP exteriorization as an infectious complication.

	Lesens 2024
	VLT n=30 vs ELT n=31; 57/61 cancer, nonseparable
	Study follow-up to week 14 ± 4 d or end of TIVAD use
	TIVAD removal because of sepsis
	ELT 8/31 (25.8%) vs VLT 9/30 (30.0%); total 17/61 (27.9%)
	Include with exact source wording. This is removal because of sepsis, not necessarily a uniformly adjudicated new-sepsis endpoint; do not combine with uncontrolled-infection or superinfection failure components.

	Ahmad 2019
	Adult predominantly malignant hematology cohort; HCl lock + systemic therapy; n=71
	Variable catheter course / treatment failure
	Tunnel infection or severe sepsis
	8/71 (11.3%): tunnel infection 4/71; severe sepsis 4/71
	Include. These 8 events were among 13 antibacterial-treatment failures; the remaining 5 failures had ongoing bacteremia and are retained under persistence rather than complications.

	Del Pozo 2009, non-CoNS
	Adult cancer subgroup; ALT + systemic therapy; n=17
	Late; 270 d after completion of therapy
	Prosthetic knee infection with the same Corynebacterium striatum as the index port-related bacteremia
	1/17 (5.9%)
	Include descriptively as a late deep-seated infectious event. The source documents the same organism after eradication of the index bacteremia but does not explicitly adjudicate the knee infection as metastatic seeding from the index episode; exclude from a strict pooled complication estimate.


12.5 Catheter longevity / retention duration
Nine studies reported an extractable continuous catheter-retention or catheter-lifespan measure. These metrics had different time origins and were not pooled.
Table 12E. Catheter lifespan / retention duration after lock-based conservative management
	Study
	Population
	Time origin / catheter-duration metric
	Result
	Status / caveat

	Hachem 2018
	Lock n=20 vs CVC removal/reinsertion n=24; cancer predominant
	Onset of bacteremia to catheter removal / end of need
	Lock: median 21 d (7-160) vs control removal: 2 d (0-8); P<0.0001
	Results-section range (7-160) used; the abstract reported a shorter upper range.

	Raad 2016
	Cancer patients receiving M-EDTA/EtOH lock
	From onset of bacteremia to CVC removal / retention
	Median 74 d (4-240)
	Cancer-specific direct catheter-retention duration.

	Ranganath 2025
	ALT-treated patients; mixed immunocompromised cohort
	Catheter retention after salvage
	Median 28 d (IQR 7-80)
	Direct ALT catheter-retention duration; most later removals were for non-infectious indications.

	Ahmad 2019
	71 adults, predominantly malignant hematology
	HCl instillation to CVC removal
	Median 58 d (17-193)
	Predominantly malignant hematology; small non-malignant subset inseparable.

	Broom 2008
	15 patients retaining the CVC after ethanol lock; predominantly hematologic malignancy
	After initiation of ethanol lock therapy
	Median 36 d; mean 47 d
	Duration reported among retained catheters; mixed/nonseparable population.

	Del Pozo 2009, non-CoNS
	17 adult cancer patients after excluding the 13-year-old participant
	Port lifespan increase after bacteremia; patient-level review-derived adult estimate
	Mean 299.9 d (range 0-1403)
	Author-reported overall mean was 288 d for all 18 participants, including the pediatric case.

	Fernández-Hidalgo 2006
	Successful ALT-treated episodes; mixed indications
	Catheter follow-up after successful therapy
	Median 168 d (range 7-2740)
	Cancer-specific catheter follow-up not separable; descriptive mixed-cohort estimate.

	Kubiak 2014
	28/45 patients who retained their CVC after ELT; mixed cohort
	Additional CVC retention after ELT
	Median 71 d (IQR 34-162; range 11-569)
	Direct duration among retained catheters; population not cancer-only.

	Sánchez-Muñoz 2005
	11 adult cancer patients with successful catheter salvage
	Infection-free catheter follow-up after ALT; adult-only review-derived
	Mean 250.9 d (range 120-420)
	Author reported 257 d for 12 successful salvages; adult-only estimate excludes the 15-year-old participant.


Abbreviations: ALT, antimicrobial lock therapy; BSI, bloodstream infection; CLABSI, central line-associated bloodstream infection; CoNS, coagulase-negative staphylococci; CRBSI, catheter-related bloodstream infection; CVC, central venous catheter; ELT, ethanol lock therapy; HCT, hematopoietic cell transplantation; HPN, home parenteral nutrition; IQR, interquartile range; PICC, peripherally inserted central catheter; SAT, systemic antimicrobial therapy; TIVAD/TIVAP, totally implantable venous access device/port; VLT, vancomycin lock therapy.

