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  41 

Summary 42 

Background Vancomycin is the most widely used antibiotic for neonatal Gram-positive sepsis, but 43 

clinical outcome data of dosing strategies are lacking. The NeoVanc programme comprised 44 

extensive pre-clinical studies to inform an optimised vancomycin dosing randomised controlled trial 45 

(RCT). The primary objective was to compare the efficacy of an optimised regimen to a standard 46 

regimen in infants with late onset sepsis, known or suspected to be caused by Gram-positive 47 

microorganisms.  48 

 49 

Methods NeoVanc was an open-label, parallel, phase IIb, non-inferiority RCT comparing efficacy and 50 

toxicity of an “optimised” regimen of vancomycin to a “standard” regimen in infants 90 days. 51 

Infants with ≥3 clinical/laboratory sepsis criteria or confirmed Gram-positive sepsis with ≥1 52 

clinical/laboratory criterion were enrolled from 22 neonatal intensive care units in 5 European 53 

countries. Randomisation was 1:1 to the optimised regimen (25mg/kg loading dose followed by 5±1 54 

days of 15 mg/kg q12h or q8h dependent on postmenstrual age (PMA)) or standard regimen (no 55 

loading dose; a 10±2 day course at 15 mg/kg q24h, q12h, or q8h).  The primary endpoint was 56 

successful outcome at end of vancomycin therapy (EVT) and no clinically/microbiologically 57 

significant relapse/new infection requiring anti-staphylococcal antibiotics within 10 days of EVT. 58 

Non-inferiority margin was –10%. Secondary endpoints included abnormal hearing screening.   59 

Recruitment stopped at 242 (120 optimised arm; 122 standard arm) infants; it was not possible to 60 

reach the sample size of 300 within remaining trial timelines.  Trial registration: ClinicalTrials.gov 61 

(NCT02790996). 62 

 63 
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Findings 64/90 (71%) infants in the optimised and 73/92 (79%) in the standard arm (per-protocol 64 

analysis) had a successful primary outcome; non-inferiority was not confirmed (adjusted risk 65 

difference –7% 95% CI –15% to +2%).  Incomplete resolution of clinical/laboratory signs after 5±1 66 

days of vancomycin therapy was the main factor contributing to failure in the optimised arm. 67 

Hearing in the ITT population was abnormal in 25/84 (30%) infants in the optimised arm and 12/79 68 

(15%) in the standard arm (adjusted risk ratio: 1·72; 95% CI (1·0–2·9).  69 

 70 

Interpretation In the largest neonatal vancomycin efficacy trial yet conducted, no clear clinical 71 

impact of shorter duration was demonstrated. The use of the optimised regimen cannot be 72 

recommended as a potential hearing safety signal was identified; long-term follow-up will be 73 

conducted. These results emphasise the importance of robust clinical safety assessments of novel 74 

antibiotic dosing regimens in neonates.   75 

 76 

Funding European Union Seventh Framework Programme for research, technological development 77 

and demonstration under Grant No 602041. 78 

 79 

Background 80 

Neonatal sepsis is a major public health concern, with ~3 million cases/year globally.1 Coagulase 81 

negative staphylococci (CoNS) are skin and gut commensals and the most commonly isolated 82 

organisms in late onset sepsis (LOS) in high income countries,2 particularly in association with 83 

central lines.  Although overall CoNS LOS mortality rates are low,3 CoNS sepsis is associated with 84 

neurodevelopmental sequelae.4 CoNS are often multi-drug resistant5 and the emergence of 85 

vancomycin heteroresistant organisms globally is concerning; these organisms are increasingly 86 

reported in neonates.6,7   87 

 88 

Vancomycin is the most widely used antibiotic for Gram-positive LOS.8 Neonatal vancomycin dosing 89 

and durations vary markedly,9 leading to different drug exposures.10   Robust infant pharmacokinetic 90 

(PK), safety and clinical efficacy data, for different dosing strategies, are lacking.11 The NeoVanc 91 

project addressed this gap.    92 

 93 
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Pre-clinical components of the NeoVanc Programme included hollow-fibre infection (HFI) and rabbit 94 

models and a population PK meta-analysis (Supplementary Figure 1, appendix p 4). This work and a 95 

clinical bridging study determined that frequent dosing facilitated bacterial kill and led to quicker 96 

reduction in C-reactive protein whilst continuous infusions appeared to select for vancomycin 97 

heteroresistance.12  The neonatal PK model suggested standard dosing regimens had low 98 

vancomycin target attainment and supported the use of a loading dose, to shorten the time to 99 

achieving therapeutic levels when combined with  more frequent dosing in infants <29 weeks 100 

postmenstrual age (PMA).13 Both the NICU bridging study and PK model indicated the need for more 101 

frequent dosing in infants <29 weeks PMA, where it can take days to achieve therapeutic levels. A 102 

vancomycin loading dose is routine in adults and has been used in neonates in association with 103 

continuous infusions14, however, it is novel within the context of intermittent dosing. The 104 

subsequent optimised dosing regimen for the NeoVanc RCT was a short course (5±1 days) of 105 

vancomycin with a loading dose and more frequent dosing in infants <29 weeks PMA compared to 106 

a standard of care regimen of 10±2 days. Shorter vancomycin durations are supported by 107 

retrospective analyses.15 A non-inferiority design was selected as shorter treatment duration was 108 

not expected to lead to higher efficacy than longer treatment duration but result in potential 109 

secondary benefits, including reduced rates of antimicrobial resistance and toxicity, because of 110 

lower overall vancomycin exposure.   111 

 112 

Potential toxicity of vancomycin includes nephrotoxicity and ototoxicity. Neonatal vancomycin 113 

safety studies have historically been underpowered and relied upon retrospective analyses of 114 

routinely collected data.16 Robust, pre-clinical neonatal vancomycin ototoxicity models are 115 

lacking.16   116 

 117 

The NeoVanc RCT aimed to use a loading dose of vancomycin to provide faster target attainment 118 

with a new, shorter optimised regimen, thus reducing overall vancomycin exposure without 119 

affecting clinical efficacy or increasing toxicity when compared to the standard dosing regimen in 120 

infants with LOS known or suspected to be caused by Gram-positive microorganisms.  The overall 121 

aim was to test whether the optimised regimen, which included a loading dose, was non-inferior to 122 

the standard regimen. 123 

 124 

 125 
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Methods 126 

Study design 127 

NeoVanc was an open-label, multi-centre, Phase IIb, randomised, active control, parallel group, non-128 

inferiority trial recruiting participants across 22 NICUs in 5 European countries – Greece, Italy, 129 

Estonia, Spain and the United Kingdom. All were tertiary NICUs prescribing vancomycin routinely 130 

and selected to ensure representation of variation in neonatal intensive care practice across Europe.  131 

 132 

NeoVanc was approved by the London–West London & GTAC Research Ethics Committee (REC 133 

reference: [16]/LO/1026) on 18th July 2016. Protocol amendments are outlined in the appendix (p 134 

3). Ethics Committee and Regulatory Body approvals were gained in each participating 135 

country/hospital. Written, informed consent was obtained from all participants’ parents/guardians 136 

by trained research personnel. Consent could be obtained if <24 hours of antibiotics had been 137 

administered in the current sepsis episode.  Pre-consent was also allowed provided consent was re-138 

confirmed if the infant became unwell.  The study was performed in accordance with the 139 

International Conference on Harmonisation of Technical Requirements for Registration of 140 

Pharmaceuticals for Human Use Good Clinical Practice guidelines, local regulations and study 141 

standard operating procedures. 142 

 143 

Participants 144 

The protocol has been published elsewhere.17 Briefly, infants were eligible for inclusion if they had 145 

a postnatal age of ≥72 hours and <90 days at randomisation and had clinical sepsis or blood culture 146 

positive sepsis. Modified EMA criteria were applied to identify clinical sepsis;18 enrolment required 147 

≥3 clinical or laboratory criteria or a positive culture with Gram-positive bacteria from a normally 148 

sterile site and ≥1 clinical or laboratory criterion, in the 24 hours prior to randomisation. Trial 149 

inclusion and exclusion criteria and post-randomisation exclusions from efficacy analysis are 150 

detailed in Supplementary Table 1 (appendix pp 5–6). Any infant who received ≥1 dose of study 151 

vancomycin was followed-up for safety.   152 

 153 

Randomisation, minimisation and masking 154 

Infants were randomised in a 1:1 allocation ratio for each regimen.  A secure, web-based system 155 

(ClinInfo SAS Lyon, France), was adopted for randomisation, which was controlled through an 156 

authorised username and password. Infants were recruited and randomised by trained 157 

investigators at each site. A minimisation algorithm ensured balance between arms in relation to 158 
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baseline data – NICU, PMA, and presence/absence of an umbilical catheter/central line. Local 159 

investigators and parents/guardians were not blinded to regimen allocation.  The trial management 160 

group and trial data analysts were blinded to aggregate outcomes apart from statisticians who were 161 

unblinded for interim analyses and Independent Data Monitoring Committee (IDMC) meetings.   162 

 163 

Data management 164 

Data were collected in an electronic case report form (eCRF) managed by Consorzio per Valutazioni 165 

Biologiche e Farmacologiche (Pavia, Italy). All collected data remained strictly confidential and 166 

anonymous. 167 

 168 

Procedures 169 

Infants received either the standard regimen: a 10±2 day course of 15 mg/kg q24h (PMA <29 weeks), 170 

q12h (PMA 29–35 weeks) or q8h (PMA >35 weeks), or the optimised regimen: a 5±1 day course of 171 

a single loading dose of 25 mg/kg followed by a maintenance dose of 15 mg/kg q12h (PMA ≤35 172 

weeks) or q8h (PMA >35 weeks). Vancomycin hydrochloride (supplied by Laboratorio Reig Jofre, 173 

Barcelona, Spain) was administered intravenously via 60-minute infusion. In the optimised arm, the 174 

first maintenance dose was administered 8 or 12 hours after the loading dose, dependent on PMA; 175 

infants, therefore, received 10 mg/kg plus the 15 mg/kg maintenance dose (25 mg/kg in total as a 176 

“loading dose”) as their first dose compared to the first maintenance dose of 15mg/kg in the 177 

standard arm. Vancomycin durations outside the specified limits were permitted based on clinician 178 

assessment. The standard treatment regimen was based on European dosing recommendations19, 179 

with the 10±2 day duration being chosen to best-reflect current practice across European NICUs 180 

from pre-trial surveys, as no reference information from RCTs was available. Dose adjustments were 181 

permitted through routine therapeutic drug monitoring (TDM) or renal impairment, where 182 

modifications were made based on vancomycin levels and local policy. 183 

 184 

Study visits are specified in Supplementary Table 2 (appendix pp 7–8). Clinical and laboratory 185 

parameters were monitored in accordance with the modified EMA neonatal sepsis criteria, at Day 186 

3, Day 5±1 and Day 10±2 (standard arm or if still receiving study vancomycin only).18 At the end of 187 

actual vancomycin therapy (EVT), improvement in overall clinical status was assessed, as defined in 188 

the protocol.  Infants fulfilling these criteria proceeded to test of cure (TOC; primary endpoint visit), 189 
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10±1 days after EVT, where clinically significant new infections, microbiological relapse and/or 190 

microbiological new infections were recorded (Supplementary Table 3, appendix pp 9–11). 191 

Relapse/new infections were assessed at a short-term follow-up (STFU) visit at 305 days from 192 

initiation of study vancomycin.   193 

 194 

Hearing screening was performed between EVT and 90 days after randomisation. Otoacoustic 195 

emissions (OAE) and/or auditory brainstem responses (ABR) were permitted as per local clinical 196 

practice; abnormal hearing was defined as no clear response in one ear on OAE or ABR.   197 

 198 

Outcomes 199 

Given the low mortality in CoNS sepsis, the primary outcome was based on clinical recovery, defined 200 

using modified EMA guidance18 and expert consensus, as success at the test of cure (TOC) visit (10±1 201 

days after EVT) in the per protocol population. Primary outcome success components were: 202 

participant was alive at TOC; participant had a successful outcome at EVT; participant had not had 203 

a clinically/microbiologically significant relapse/new infection requiring treatment with vancomycin 204 

or other specific anti-staphylococcal antibiotic (flucloxacillin, oxacillin, linezolid, tedizolid, 205 

daptomycin or teicoplanin) for >24 hours. Success at EVT was defined as participant was alive, there 206 

was a significant improvement in participant’s overall clinical status, microbiological resolution or 207 

presumed eradication of bacteria and no new vancomycin-susceptible pathogens were identified 208 

(Supplementary Table 3, appendix pp 9–11).  Success was evaluated using a clinical algorithm 209 

(Supplementary Table 3, appendix pp 9–11) that did not rely on physician assessment of outcome.   210 

 211 

Secondary efficacy outcomes were: success at 5±1 days from initiation of study vancomycin; success 212 

at EVT; success at end of allocated therapy (EOAT; pre-specified in the Statistical Analysis Plan 213 

(SAP)); failure at TOC visit due to clinically/microbiologically significant relapse/new infection 214 

requiring treatment with non-anti-staphylococcal (“other”) antibiotics for >24 hours; and failure at 215 

STFU.  216 

 217 

Other secondary PK and microbiology outcomes will be reported separately when laboratory results 218 

are available. 219 

 220 
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Safety and adverse event assessment 221 

Secondary safety outcomes included: abnormal renal function at STFU (urinary output <0.7 222 

mL/kg/hours for 24 hours and/or creatinine value 100 µmol/L (1.13 mg/dL)); abnormal hearing 223 

screening tests after EVT; adverse events (AEs) up to STFU; vancomycin-related AEs; all serious 224 

adverse events (SAEs); and vancomycin-related SAEs. All AEs and SAEs occurring between the 225 

administration of the first dose of study vancomycin and the final follow-up visit were recorded in 226 

the eCRF.  227 

 228 

Sample size 229 

In total, 150 infants per arm provided at least 90% power to demonstrate non-inferiority using a 230 

two-sided 95% confidence interval (i.e. type I error rate of 2.5%), assuming a success rate in both 231 

arms of 95% and a non-inferiority margin on the risk-difference scale of 10% (Wilson-score method 232 

(nQuery. Statistical Solutions Ltd., Cork, Ireland)).  A 5% relapse/new infection rate was based on 233 

data from neonIN, an international neonatal infection surveillance network and the magnitude of a 234 

clinically relevant effect was obtained through consensus in the NeoVanc Consortium. There is no 235 

regulatory guidance from either the U.S. Food and Drug Administration (FDA) or the EMA on 236 

neonatal sepsis trials, although a non-inferiority margin of 10% has been recommended by the FDA 237 

for acute pneumonia RCTs where treatment is believed to be highly efficacious.20 The 10% non-238 

inferiority margin was based on relapse/new infection and is in-keeping with adult antibiotic 239 

RCTs.21,22 A power sensitivity analysis, without reference to the data, was performed when it 240 

became apparent that this sample size would not be met within the project timelines. This analysis 241 

indicated there would not be an appreciable increase in power gained from the expected sample 242 

size of 100 per arm (expected power = 83% using the same parameters as the original sample size 243 

calculation) to the maximum possible sample sizes, given resource and time limitations (power = 244 

87% for 110 per arm). An IDMC reviewed the data periodically and the trial was consequently 245 

stopped before the planned recruitment target was met.  246 

 247 

Statistical analysis 248 

The intention to treat population (ITT) comprised all randomised infants except post-randomisation 249 

exclusions and where consent to use data had subsequently been withdrawn (safety analysis 250 

population). The per protocol (PP) population (efficacy analyses) additionally excluded infants 251 

randomised in error, with a loading dose not administered as randomised, or duration of 252 

neonIN 
https://neonin.org.uk/ 
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vancomycin <48 hours from initiation of study vancomycin. The primary analysis used binomial 253 

regression with an identity link to report risk difference and associated 95% CI, with a non-inferiority 254 

margin of –10%. Inference was based on adjusted estimates, where PMA (<29 weeks/29-35 255 

weeks/>35 weeks), and presence/absence of umbilical catheters/central venous lines were fixed 256 

effects and centre was a random effect. Three separate subgroup analyses were pre-specified: PMA 257 

at randomisation (<29 weeks, 29–35 weeks, >35 weeks); birthweight (<1000 g, 1000–1500 g, >1500 258 

g); and presence or absence of an umbilical catheter/central venous line at the onset of sepsis. 259 

Bayesian analysis, pre-specified in the SAP, was used to estimate the probability of the optimised 260 

regimen truly being superior to the standard regimen under different prior assumptions 261 

(Supplementary Table 4, appendix p 11).  262 

 263 

Analyses of secondary outcomes used risk ratios and their 95% confidence intervals from log 264 

binomial regression models, with the same adjustment factors as the primary outcome, except AEs 265 

and SAEs which were reported as the incidence rate per 1000 child days (number of infant-days 266 

recorded as alive and in the study between randomisation and STFU) with comparison using 267 

incidence rate ratios and 95% confidence intervals to allow for the possibility of multiple events 268 

occurring in the same infant and negative binomial regression to account for overdispersion. Post-269 

hoc imputation was carried out on rates of abnormal hearing due to missing data; imputation was 270 

done separately for each arm and factors included in the model were baseline variables of PMA 271 

stratum, birthweight stratum (as above), presence or absence of umbilical catheters/central venous 272 

lines,  sex,  hypoxic ischaemic encephalopathy, intraventricular haemorrhage and presence/ 273 

absence of separate known risk-factor antibiotics (amikacin, ciprofloxacin, gentamicin, linezolid, 274 

netilmicin, and teicoplanin). For all analyses, 95% confidence intervals were used with no 275 

adjustment for multiple testing. Statistical analyses used Stata version 16 (StataCorp, College 276 

Station, Texas, USA).  277 

 278 

Independent Data Monitoring Committee 279 

An IDMC, composed of a neonatologist, microbiologist and statistician met three times throughout 280 

the trial period to monitor progress, efficacy, safety and pharmacokinetic data according to a 281 

specific Charter and without formal stopping guidelines.  282 

 283 

 284 
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Trial registration 285 

NeoVanc was registered on ClinicalTrials.gov (NCT02790996) on 7th April 2016 and EudraCT (2015–286 

000203-89) on 18th July 2016. 287 

 288 

Role of the funding source 289 

This research was funded by the European Union Seventh Framework Programme for research, 290 

technological development and demonstration under Grant No 602041. The funder had no role in 291 

study design, data collection, analysis or interpretation or writing of the report.  292 

 293 

Results 294 

Between 3rd March 2017 and 29th July 2019, 242 infants were randomised at 17 sites (Figure 1). 295 

Primary outcome data in the per protocol population were available for 90 infants in the optimised 296 

arm and 92 in the standard arm.  297 

 298 

Baseline characteristics were broadly similar across arms (Table 1 and Supplementary Table 5, 299 

appendix pp 12–13).  The great majority of infants (99%) had at least three clinical or laboratory 300 

signs of neonatal sepsis at baseline. A total of 80 Gram-positive bacteria were detected at baseline 301 

in 76 infants (69% Staphylococcus epidermidis, 10% Staphylococcus hominis, 9% Staphylococcus 302 

haemolyticus, with the remaining 12% comprising six different species (Supplementary Table 6, 303 

appendix p 13).  S. epidermidis was relatively more common in the standard arm (34/43 (79%)) than 304 

in the optimised arm (21/37 (57%)), with S. hominis being relatively more common in the optimised 305 

arm (5/37 (14%) vs 3/43 (7%)); other organisms were comparable between arms. No invasive 306 

organism exhibited vancomycin resistance by EUCAST breakpoints. 101/116 (87%) available CoNS 307 

blood culture isolates demonstrated vancomycin heteroresistance by the brain heart infusion agar 308 

method 23 (51 standard arm and 50 optimised arm).   309 

 310 

64% of infants in the optimised arm and 88% in the standard arm received vancomycin within their 311 

randomised duration window.  312 

 313 

Continued treatment with vancomycin or another anti-staphylococcal antibiotic, likely reflecting 314 

treatment for the original infection, lasted a median of 6 days from commencement of study 315 
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vancomycin in the optimised and 10 days in the standard arm (Figure 2; Supplementary Table 7, 316 

appendix p 14). However, the difference between treatment arms became notably less when 317 

considering the total days of exposure to STFU, both of vancomycin (median of 7 days in the 318 

optimised arm and 10 days in the standard arm) and all antibiotics (median of 12 days in optimised 319 

arm and 11 days in standard arm; Figure 2; Supplementary Table 7, appendix p 14).  TDM was 320 

assessed for 46 infants (25%) in seven centres, with 50% of assessed participants having at least one 321 

dosing adjustment (Supplementary Table 8, appendix p 14); assessment rates were slightly higher 322 

in the standard arm than the optimised arm. 323 

 324 

Efficacy 325 

A successful primary outcome was achieved in 137/182 (75%) infants: 64/90 (71%) in the optimised 326 

and 73/92 (79%) in the standard arm (Table 2). The adjusted risk difference between arms was –7% 327 

(95%CI = (–15%, 2%) and consequently non-inferiority was not concluded based on a non-inferiority 328 

margin of –10% (see Supplementary Table 9 for analysis of ITT population, appendix p 15).  The 329 

lower success rate in the optimised arm seemed to be driven by higher apparent clinical failure rates 330 

at EVT when vancomycin therapy was stopped (21% in the optimised arm, at approximately Day 5, 331 

and 10% in the standard arm, at approximately Day 10; Table 2; Figure 3; Supplementary Figure 2, 332 

appendix p 15). Of those 28 infants with clinical failure at EVT, 57% had at least three clinical signs 333 

and 79% had at least one laboratory sign. Bayesian analysis showed 79%–99% probability that the 334 

optimised arm was truly worse than the standard arm, depending on the prior used, and 4%–43% 335 

probability that the optimised arm was truly worse than the standard arm by at least the 10% non-336 

inferiority margin (Supplementary Table 10, appendix p 16; Supplementary Figure 3, appendix p 17).  337 

There was no evidence of heterogeneity in subgroup analyses (PMA, birthweight, presence of a 338 

central line) for the primary outcome (Supplementary Table 11, appendix p 17).  339 

 340 

Secondary efficacy outcomes are outlined for the PP population in Table 2 and for the ITT population 341 

in Supplementary Table 9, appendix p 15. Success rates at Day 5±1 were lower in the optimised arm 342 

(71%) than in the standard arm (82%), although the 95% confidence interval crossed one (adjusted 343 

risk ratio: 0·90; 95%CI = (0·78, 1·04)) and post-hoc analyses as per primary outcome did not conclude 344 

non-inferiority (adjusted risk difference: –8%; 95% CI = (–19%, +3%)). Lower rates of relapse/new 345 

infections treated with non-anti-staphylococcal (“other”) antibiotics between EVT and TOC were 346 

seen in the optimised arm (3%) than in the standard arm (17%). When the primary outcome was 347 

extended to include relapse/new infections treated with any antibiotics between EVT and TOC, 348 
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there was no evidence success rates differed between the optimised (71%) and standard (74%) arms 349 

(adjusted risk ratio 0·98; 95% CI = (0·87, 1·11)) and post-hoc analyses as per the primary outcome 350 

was marginally non-inferior (adjusted risk difference: 3%; 95% CI (–10%, +6%)).  351 

 352 

Toxicity and Safety 353 

Abnormal hearing screening rates were twice as high in the optimised arm (30%) compared to the 354 

standard arm (15%; adjusted risk ratio = 1·93; 95% CI (1·10–3·39), p=0·02; Table 3), although only 355 

82% of the ITT population had hearing assessed. Eleven of the 37 infants without hearing assessed 356 

had died and 70% of the remaining individuals were from two sites. Post-hoc multiple imputation 357 

(Supplementary Table 12, appendix p 18) indicated slightly higher rates of abnormal hearing in both 358 

arms (33% optimised and 19% standard adjusted risk ratio: 1·72; 95% CI (1·0–2·9)). Additional post-359 

hoc analyses, on infants with available hearing screening results, showed higher rates of abnormal 360 

hearing in the optimised arm across all PMA groups but with weak evidence for a greater excess risk 361 

in those with the youngest PMA (Supplementary Table 13, appendix p 19), and across both hearing 362 

tests conducted (Supplementary Table 14, appendix p 19). There was no evidence that age at 363 

hearing test differed between arms (post-hoc analyses mean: 61 days (SD 30) in optimised arm, 62 364 

days (SD 27) in standard arm; difference 1·6 days; 95% CI (–12, 9); p=0·77). Results were unchanged 365 

when repeated on the as-treated population (receiving loading dose as randomised; Supplementary 366 

Table 15, appendix p 19). Adding cumulative dose to the unadjusted model resulted in a very small 367 

decrease in the effect size although cumulative dose itself was not statistically significant 368 

(Supplementary Table 16, appendix p 20). Rates of abnormal renal function tests at STFU were 369 

extremely low, at 2% in the optimised arm and 0% in the standard arm (Table 3). There were 6 370 

vancomycin related AEs in the optimised arm (1 SAE) and 4 in the standard arm (2 SAEs). There was 371 

no evidence that AEs and SAEs rates, both all-cause and vancomycin-related, differed across arms 372 

(Table 3).  373 

 374 

Mortality 375 

Eleven infants in the ITT population died (6 optimised and 5 standard arm): 4 with necrotising 376 

enterocolitis; 2 with Gram-negative infection; 3 with respiratory pathology; 1 with pericarditis and 377 

S. epidermidis bloodstream infection; 1 with severe brain injury secondary to vein of Galen 378 

aneurysm and septic shock.   379 

 380 
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Discussion 381 

Main findings 382 

NeoVanc, an open-label RCT, aimed to validate preclinical data to establish if the duration of 383 

vancomycin treatment for Gram-positive LOS could be safely reduced to 5±1 days with more 384 

frequent dosing in infants <29 weeks PMA and the inclusion of a loading dose.  We could not 385 

conclude non-inferiority on the primary outcome. Additionally, a potential safety signal was 386 

detected in relation to higher abnormal hearing screening rates in the optimised arm.   387 

 388 

The inability to conclude non-inferiority of the optimised arm in the primary outcome was 389 

multifactorial. The intended sample size was not reached which may have led to lack of power. In 390 

hindsight a non-inferiority limit of 10% of with an anticipated relapse rate of 5% could have been 391 

considered large. However, it did not impact on inference in the study. However, Bayesian analysis 392 

showed 79%–99% probability of the optimised arm being truly worse than the standard arm, 393 

implying low power may not be the only factor. Unsuccessful outcome in the optimised arm was 394 

predominantly related to lack of clinical recovery at EVT, and not because of relapse/new infection; 395 

21% of infants (83% of failures) were clinical failures in the optimised arm compared to 10% of 396 

infants (47% of failures) in the standard arm. Microbiological failure was very low in both arms (1%), 397 

despite a Gram-positive blood culture positivity rate of >40% at baseline.  The day of EVT differed 398 

between arms and secondary efficacy analyses showed higher failure rates in the optimised arm at 399 

the end of vancomycin therapy, both when therapy was randomised to end (EOAT) and when 400 

therapy actually ended (EVT). These differences may reflect the time taken for clinical/laboratory 401 

signs to normalise in infants with significant sepsis regardless of dosing regimen; assessment of both 402 

arms at Day 10±2 (EOAT in the standard arm) may have aided in elucidating this further. The new 403 

National Institute for Health and Care Excellence neonatal sepsis guidelines recommend 7 days of 404 

antibiotic treatment in babies with culture positive LOS.24  405 

 406 

Only two infants demonstrated abnormal renal function at STFU. There was no evidence that the 407 

frequency of AEs and SAEs differed between study arms.  Rates of abnormal hearing were almost 408 

twice as high in the optimised arm, although the associated 95% confidence interval were relatively 409 

wide and hearing screening results were only available for 82% of the ITT population. This result 410 

could reflect a genuine safety signal but may be due to low sample sizes and chance attributable to 411 

multiple testing. There was no evidence age at the time of hearing screening differed between arms. 412 
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Multiple imputation, factoring in other risk factors for hearing loss, including aminoglycoside and 413 

furosemide exposure and low birthweight, showed a slightly reduced effect size (1·7 times), smaller 414 

confidence intervals with the lower limit of the 95% confidence interval being 1.0 and consequently 415 

the pattern of missing data may be driving some of the differences observed. The protocol definition 416 

of abnormal hearing, was stricter than that used in clinical practice25 so failure rates may be higher, 417 

although, would expect to be distributed evenly between arms.  If genuine, the higher abnormal 418 

hearing screening rates in the optimised arm could be caused by either the loading dose or more 419 

frequent administration of vancomycin in infants <29 weeks PMA.  There was weak evidence of an 420 

interaction between PMA group and arm on abnormal hearing screening rates, although sample 421 

sizes were low. Cumulative exposure of vancomycin has been described as a risk factor for abnormal 422 

hearing screening at NICU discharge in VLBW babies26 although we did not find robust evidence of 423 

this.  If the ototoxicity safety signal is being driven by the loading dose, then these NeoVanc results 424 

suggest cumulative dose is unlikely to be the only risk factor, particularly as the number of days of 425 

vancomycin exposure up to STFU was similar in both arms.  Risk factors are likely to be cumulative 426 

and data on hearing outcomes in septic babies are sparse. Of note, a neonatal meropenem versus 427 

standard of care RCT reported abnormal hearing screening rates of up to 29% in their population of 428 

septic infants.27 Robust, prospective long-term hearing data are required to ascertain if failure at 429 

hearing screening translates to long-term hearing loss on diagnostic auditory assessment.16 A 430 

NeoVanc long-term follow-up study is planned with the aim of obtaining missing data and collecting 431 

follow-up hearing data in infants who failed their hearing screening.  432 

 433 

Previous trials  434 

Only two neonatal vancomycin RCTs have been registered on ClinicalTrials.gov and the International 435 

Standard Randomised Controlled Trial Number trial registry in the last 20 years, emphasising the 436 

paucity of efficacy trials.28,29 Both trials were stopped prior to recruitment of their target sample 437 

size, demonstrating the difficulty of recruiting to neonatal antibiotic trials.  438 

 439 

Trial strengths and limitations 440 

CoNS sepsis has historically been considered to have a less severe clinical course.  However, infants 441 

recruited into NeoVanc had significant clinical sepsis; 99% had ≥3 clinical/laboratory signs with 442 

blood culture positivity rate being high. The inclusion criteria clearly identified septic infants.   443 

 444 
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Test of cure assessment in neonatal antibiotic trials is not standardised and no guidance is available 445 

on neonatal sepsis trial design from the FDA and EMA.30 Test of cure in NeoVanc was based on days 446 

from actual end of vancomycin therapy and not days from randomisation and so was at different 447 

timepoints in the optimised compared to the standard arm. Very low rates of new infection and 448 

relapse were seen in both arms. The NeoVanc trial was a pragmatic open-label study, and this may 449 

have influenced clinician decisions, particularly if they were accustomed to giving longer antibiotic 450 

course durations. The STFU visit was 30±5 days from randomisation to ensure comparability of 451 

outcome assessment with respect to the initial presenting episode and overall antibiotic exposure 452 

was comparable between arms to this timepoint, which supports lack of evidence of a difference 453 

between the arms at this later follow-up.   454 

 455 

The NeoVanc Programme incorporated extensive pre-clinical studies12 including the largest ever 456 

meta-analysis evaluating the vancomycin population PK in infants.13 This RCT also provides valuable 457 

PK, safety and efficacy information on infants <29 weeks PMA, who comprised nearly a quarter of 458 

the study population.   459 

 460 

Next steps 461 

Interim NeoVanc PK analysis (full analysis delayed by the COVID-19 pandemic; to be published) 462 

indicate that the newly developed PK model from the pre-clinical studies, which has been externally 463 

validated, is robust, supporting the use of pre-clinical studies to optimise antimicrobial dosing 464 

regimens.  However, modelling toxicity is more problematic and can only be detected within the 465 

context of a reasonably sized RCT. The ototoxicity safety signal, potentially associated with the 466 

loading dose in this RCT, was not predicted, particularly given the previous inconclusive data relating 467 

to ototoxicity in infants and considering a loading dose is recommended in critically ill children and 468 

adults.31 Neonates may demonstrate unique toxicity profiles, and dosing recommendations should 469 

be adopted with caution if the data are generated from adult or childhood RCTs alone. Rates of 470 

ototoxicity have not been compared between continuous and intermittent vancomycin infusion 471 

within the setting of an RCT in infants.  472 

 473 

Recruitment to neonatal antibiotic trials is challenging and the sample size required to detect safety 474 

signals is considerably more than most of the currently recruiting new neonatal antibiotic trials.32 475 

An approach that balances risk and unmet need seems appropriate.  For antibiotics with a low risk 476 
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of toxicity (e.g. beta-lactams) and limited clinical unmet need, PK studies alone to determine optimal 477 

dosing regimens are reasonable.  For drugs with a higher toxicity potential and high unmet clinical 478 

need, NeoVanc demonstrates that, robust RCTs adequately powered to identify potential novel 479 

toxicity signals may be required. Additionally, efficacy assessment should be undertaken at the 480 

same timepoint from randomisation in each arm to allow equal time for resolution of symptoms in 481 

both arms. We would not currently recommend a 25 mg/kg loading dose of vancomycin in infants 482 

or more frequent dosing in infants <29 weeks PMA in view of the identified hearing safety signal. 483 
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  520 

Research in context  521 

 522 

Evidence before this study 523 

Neonatal sepsis is a global health priority. Coagulase negative staphylococci (CoNS) are the most 524 

commonly identified organisms in neonatal late onset sepsis (LOS) in high income countries, with 525 

very low birthweight babies experiencing the greatest associated morbidity and mortality.  526 

Vancomycin is the mainstay of treatment of CoNS LOS. Prior to the initiation of this trial, a search of 527 

PubMed, ClinicalTrials.gov and ISRCTN identified only two neonatal vancomycin randomised 528 

controlled trials (RCTs) registered in the last 20 years. These two RCTs, recruited a total of 220 529 

babies; one was an active control trial comparing cefazolin and vancomycin and the other compared 530 

continuous and intermittent infusion with pharmacokinetic endpoints.    531 

 532 

The NeoVanc Programme completed pre-clinical studies, which informed the optimised dosing 533 

regimen evaluated in the RCT. The NeoVanc hollow fibre infection and animal models determined 534 

that more frequent dosing may be beneficial in facilitating bacterial kill and discouraging the 535 

development of vancomycin resistance.  A bridging study to the NICU clinical setting, established 536 

that more frequent dosing led to a quicker and more satisfactory reduction in C-reactive protein, 537 

particularly in infants <29 weeks postmenstrual age (PMA), and supported a shorter vancomycin 538 

course. Linder, et al previously found, in a retrospective study, that infants with an uncomplicated 539 

clinical course treated for CoNS sepsis with vancomycin for 5 days after the last positive blood 540 

mailto:info@penta-id.org
mailto:lhill@sgul.ac.uk
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culture, had similar outcomes to those treated for longer durations. A novel neonatal vancomycin 541 

PK model was developed within the NeoVanc programme based on a population PK metanalysis 542 

from previously published data. It included 4894 vancomycin concentrations from 1631 neonates 543 

and supported the need for more frequent dosing in infants <29 weeks PMA and predicted an 544 

optimised regimen which included a 25 mg/kg loading dose. The use of a loading dose of 25 mg/kg 545 

in seriously unwell adults and children has been supported by the Infectious Diseases Society of 546 

America in the treatment of MRSA.    547 

 548 

Added value of this study 549 

NeoVanc is the first RCT to evaluate a loading dose of vancomycin in conjunction with intermittent 550 

dosing in neonatal sepsis and the largest neonatal vancomycin clinical efficacy trial ever conducted. 551 

However, NeoVanc identified an ototoxicity safety signal, potentially associated with the use of a 552 

loading dose and/or more frequent dosing in infants <29 weeks PMA, which has not been previously 553 

recognised in this population. Additionally, no clear advantage was seen for adopting a shorter 5±1 554 

day course over a standard 10±2 day course for neonates with significant clinical sepsis. The adapted 555 

EMA neonatal sepsis criteria, utilised for inclusion to the RCT, successfully identified such infants 556 

with significant clinical sepsis, with >40% of baseline blood cultures positive in trial participants.   557 

 558 

Implications of all the available evidence 559 

There is no evidence for reducing vancomycin course duration to 5±1 days in truly septic infants as 560 

no benefit was identified. A vancomycin loading dose and more frequent dosing in infants <29 561 

weeks PMA should not currently be recommended in infants because of a possible ototoxicity safety 562 

signal. Long-term neonatal vancomycin hearing analyses are in progress.      563 

 564 

References 565 

1.  Fleischmann-Struzek C, Goldfarb DM, Schlattmann P, Schlapbach LJ, Reinhart K, Kissoon N. 566 

The global burden of paediatric and neonatal sepsis: a systematic review. Lancet Respir 567 

Med. 2018;6(3):223–30.  568 

2.  Cailes B, Kortsalioudaki C, Buttery J, Pattnayak S, Greenough A, Matthes J, et al. 569 

Epidemiology of UK neonatal infections: the neonIN infection surveillance network. Arch 570 

Dis Child Fetal Neonatal Ed. 2018;103(6):F547–53.  571 

3.  Piening BC, Geffers C, Gastmeier P, Schwab F. Pathogen-specific mortality in very low birth 572 



19 
 

weight infants with primary bloodstream infection. PLoS One. 2017;12(6):e0180134.  573 

4.  Alshaikh B, Yee W, Lodha A, Henderson E, Yusuf K, Sauve R. Coagulase-negative 574 

staphylococcus sepsis in preterm infants and long-term neurodevelopmental outcome. J 575 

Perinatol. 2014;34:125–9.  576 

5.  Becker K, Heilmann C, Peters G. Coagulase-negative staphylococci. Clin Microbiol Rev. 577 

2014;27(4):870–926.  578 

6.  Laurent F, Butin M. Staphylococcus capitis and NRCS-A clone: the story of an unrecognized 579 

pathogen in neonatal intensive care units. Clin Microbiol Infect. 2019;25(9):1081–5.  580 

7.  Public Health England. Increased incidence of detections of Staphylococcus capitis in 581 

neonatal clinical samples [Internet]. Briefiing Note - 2021/005. 2021 [cited 2021 Jul 19]. 582 

Available from: https://hubble-live-583 

assets.s3.amazonaws.com/bapm/attachment/file/411/Increased_incidence_of_detections584 

_of_Staphylococcus_capitis_in_neonates.pdf 585 

8.  Prusakov P, Goff DA, Wozniak PS, Cassim A, Scipion CEA, Urzúa S, et al. A global point 586 

prevalence survey of antimicrobial use in neonatal intensive care units: The no-more-587 

antibiotics and resistance (NO-MAS-R) study. EClinicalMedicine. 2021;32:100727.  588 

9.  Metsvaht T, Nellis G, Varendi H, Nunn AJ, Graham S, Rieutord A, et al. High variability in the 589 

dosing of commonly used antibiotics revealed by a Europe-wide point prevalence study: 590 

implications for research and dissemination. BMC Pediatr. 2015;15:41.  591 

10.  Dao K, Guidi M, André P, Giannoni E, Basterrechea S, Zhao W, et al. Optimisation of 592 

vancomycin exposure in neonates based on the best level of evidence. Pharmacol Res. 593 

2020;154:104278.  594 

11.  European Medicines Agency. Revised priority list for studies on off-patent paediatric 595 

medicinal products [Internet]. Vol. 44, Human Medicines Development and Evaluation. 596 

2012 [cited 2020 Nov 14]. p. 1–12. Available from: https://www.ema.europa.eu/en 597 

12.  Ramos-Martín V, Johnson A, Livermore J, McEntee L, Goodwin J, Whalley S, et al. 598 

Pharmacodynamics of vancomycin for CoNS infection: Experimental basis for optimal use 599 

of vancomycin in neonates. J Antimicrob Chemother. 2016;71(4):992–1002.  600 

13.  Jacqz-Aigrain E, Leroux S, Thomson A, Allegaert K, Capparelli E, Biran V, et al. Population 601 

pharmacokinetic meta-analysis of individual data to design the first randomized efficacy 602 

trial of vancomycin in neonates and young Infants. J Antimicrob Chemother. 603 



20 
 

2019;74(8):2128–38.  604 

14.  Zhao W, Lopez E, Biran V, Durrmeyer X, Fakhoury M, Jacqz-Aigrain E. Vancomycin 605 

continuous infusion in neonates: dosing optimisation and therapeutic drug monitoring. 606 

Arch Dis Child. 2013;98:449–53.  607 

15.  Linder N, Lubin D, Hernandez A, Amit L, Ashkenazi S. Duration of vancomycin treatment for 608 

coagulase-negative Staphylococcus sepsis in very low birth weight infants. Br J Clin 609 

Pharmacol. 2013;76(1):58–64.  610 

16.  Lestner JM, Hill LF, Heath PT, Sharland M. Vancomycin toxicity in neonates: a review of the 611 

evidence. Curr Opin Infect Dis. 2016;29(3):237–47.  612 

17.  Hill LF, Turner MA, Lutsar I, Heath PT, Hardy P, Linsell L, et al. An optimised dosing regimen 613 

versus a standard dosing regimen of vancomycin for the treatment of late onset sepsis due 614 

to Gram-positive microorganisms in neonates and infants aged less than 90 days 615 

(NeoVanc):study protocol for a randomised controlled trial. Trials. 2020;21(1):329.  616 

18.  European Medicines Agency. Report on the expert meeting on neonatal and paediatric 617 

sepsis [Internet]. Vol. 44. 2010 [cited 2020 Dec 18]. p. 1–6. Available from: 618 

https://www.ema.europa.eu/en/documents/report/report-expert-meeting-neonatal-619 

paediatric-sepsis_en.pdf 620 

19.  Sharland M, editor. Antimicrobial dosing guide. In: Manual of childhood infections - the 621 

Blue Book. 4th ed. Oxford: Oxford University Press; 2016. p. 965.  622 

20.  Food and Drug Administration. Non-inferiority clinical trials to establish effectiveness 623 

guidance for industry [Internet]. 2016 [cited 2021 Aug 17]. Available from: 624 

http://www.fda.gov/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/default625 

.htmand/orhttp://www.fda.gov/BiologicsBloodVaccines/GuidanceComplianceRegulatoryIn626 

formation/Guidances/default.htm 627 

21.  Wagenlehner FM, Sobel JD, Newell P, Armstrong J, Huang X, Stone GG, et al. Ceftazidime-628 

avibactam versus doripenem for the treatment of complicated urinary tract infections, 629 

including acute pyelonephritis: RECAPTURE, a phase 3 randomized trial program. Clin Infect 630 

Dis. 2016;63(6):754–62.  631 

22.  Chastre J, Wolff M, Fagon JY, Chevret S, Thomas F, Wermert D, et al. Comparison of 8 vs 15 632 

days of antibiotic therapy for ventilator-associated pneumonia in adults: a randomized 633 

trial. J Am Med Assoc. 2003;290(19):2588–98.  634 



21 
 

23.  Satola SW, Farley MM, Anderson KF, Patel JB. Comparison of detection methods for 635 

heteroresistant vancomycin-intermediate Staphylococcus aureus, with the population 636 

analysis profile method as the reference method. J Clin Microbiol. 2011;49(1):177–83.  637 

24.  Neonatal infection: antibiotics for prevention and treatment (NG195) [Internet]. London: 638 

National Institute for Health and Care Excellence; 2021 [cited 2021 Apr 22]. Available from: 639 

https://www.nice.org.uk/guidance/NG195 640 

25.  Public Health England. National Hearing Screening Programme: Screening Pathway for 641 

Babies in the NICU/SCBU [Internet]. 2016 [cited 2020 Oct 21]. Available from: 642 

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment643 

_data/file/796300/NHSP_screening_pathway_-644 

_care_pathways_for_babies_in_NICU_SCBU.pdf 645 

26.  Marissen J, Fortmann I, Humberg A, Rausch TK, Simon A, Stein A, et al. Vancomycin-646 

induced ototoxicity in very-low-birthweight infants. J Antimicrob Chemother. 647 

2020;75(8):2291–8.  648 

27.  Lutsar I, Chazallon C, Trafojer U, de Cabre VM, Auriti C, Bertaina C, et al. Meropenem vs 649 

standard of care for treatment of neonatal late onset sepsis (NeoMero1): A randomised 650 

controlled trial. PLoS One. 2020;15(3):e0229380.  651 

28.  Cernadas JMC, Jonusas SF, Márquez M, Garsd A, Mariani G. Evolución clínica en recién 652 

nacidos con presunción de sepsis nosocomial tratados con cefazolina o vancomicina. 653 

Estudio de no inferioridad, aleatorizado, controlado. Arch Argent Pediatr. 2014;112(4):308–654 

14.  655 

29.  Gwee A, Cranswick N, McMullan B, Perkins E, Bolisetty S, Gardiner K, et al. Continuous 656 

versus intermittent vancomycin infusions in infants: a randomized controlled trial. 657 

Pediatrics. 2019;143(2):e20182179.  658 

30.  European Medicines Agency Infectious Diseases Working Group. Evaluation of medicinal 659 

products indicated for treatment of bacterial infections [Internet]. 2019 [cited 2021 Mar 660 

23]. Available from: https://www.ema.europa.eu/en/evaluation-medicinal-products-661 

indicated-treatment-bacterial-infections 662 

31.  Liu C, Bayer A, Cosgrove SE, Daum RS, Fridkin SK, Gorwitz RJ, et al. Clinical practice 663 

guidelines by the Infectious Diseases Society of America for the treatment of methicillin-664 

resistant Staphylococcus aureus infections in adults and children. Clin Infect Dis. 665 



22 
 

2011;52(3).  666 

32.  Folgori L, Lutsar I, Standing JF, Walker AS, Roilides E, Zaoutis TE, et al. Standardising 667 

neonatal and paediatric antibiotic clinical trial design and conduct: The PENTA-ID network 668 

view. BMJ Open. 2019;9:e032592.  669 

 670 


