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ABSTRACT

Background: Vancomycin induces exposure-related acute kidney injury. However, the
pharmacokinetic-toxicodynamic (PK-TD) relationship remains unclear.

Methods: Sprague-Dawley rats received IV vancomycin doses of 300mg/kg/day and
400mg/kg/day, divided once, twice, thrice or 4xdaily (i.e., QD, BID, TID or QID) over 24-hours.
Up to 8-samples were drawn during the 24-hour dosing period. Twenty-four-hour urine was
collected and assayed for kidney injury molecule-1 (KIM-1). Vancomycin was quantified via
LC-MS/MS. Following terminal sampling, nephrectomy and histopathologic analyses were
conducted. PK analyses were conducted using Pmetrics. PK exposures (i.e. AUCq.24n, CMAXo-
24n,) Were calculated for each rat, and PK-TD relationships were discerned.

Results: A total of 53-rats generated PK-TD data. A 2-compartment model fit the data well
(Bayesian observed vs. predicted concentrations, R>=0.96). KIM-1 values were greater in QD
and BID groups (P-values: QD vs TID:<0.002, QD vs QID:<0.004, BID vs TID:<0.002, and
BID vs QID:<0.004). Exposure—response relationships were observed between KIM-1 vs
CMAXo.24n and AUCq_24n (R*0=11 0.7 and 0.68). Corrected Akaike' sinformation criterion
showed CMAXo.24n @ most predictive PK-TD driver for vancomycin-induced kidney injury
(VIKI) (-5.28 versus -1.95).

Conclusions: While PK-TD indices are often inter-correlated, maximal concentrations and fewer

doses (for the same total daily amount) resulted in increased VIKI in our rat model.
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Abstract (biorxiv version)

Background: VVancomycin induces exposure related acute kidney injury. However, the
pharmacokinetic toxicodynamic (PK TD) relationship remains unclear.

Methods. Sprague Dawley rats received 1V vancomycin doses of 300mg/kg/day and
400mg/kg/day, divided once, twice, thrice or 4xdaily (i.e., QD, BID, TID or QID) over 24 hours.
Up to 8 samples were drawn during the 24 hour dosing period. Twenty four hour urine was
collected and assayed for kidney injury molecule 1 (KIM 1). Vancomycin was quantified viaLC
MS/MS. Following terminal sampling, nephrectomy and histopathologic analyses were
conducted. PK analyses were conducted using Pmetrics. PK exposures (i.e. AUCO 24h, CMAXO0
24h,) were calculated for each rat, and PK TD relationships were discerned.

Results: A total of 53 rats generated PK TD data. A 2compartment model fit the data well
(Bayesian observed vs. predicted concentrations, R2: 0.96). KIM 1 values were greater in QD
and BID groups (P values: QD vs TI1D:<0.002, QD vs QID:<0.004, BID vs TID:<0.002, and BID
vs QID:<0.004). Exposure-response relationships were observed between KIM 1 vs CMAXO0,24
and AUCO0,24 (R2; 0.7 and 0.68). Corrected Akaike information criterion showed CMAXO0,24 as
most predictive PK TD driver for vancomycin induced kidney injury (VIKI) ( 5.28 vs 1.95).
Conclusions: While PK TD indices are often inter correlated, maximal concentrations and fewer
doses (for the same total daily amount) resulted in increased VIKI in our rat model.

Keywor ds. vancomycin, acute kidney injury, pharmacokinetics, biological markers
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Introduction

Vancomycin was approved for clinical usein 1958 and is still one of the most commonly
used antibioticsin the hospital setting because of its activity against methicillin-resistant
Saphylococcus aureus (MRSA).[1] Theinitial pharmacokineti ¢/pharmacodynamic (PK/PD)
efficacy studies performed in neutropenic mouse models demonstrated that the exposures
calculated as area under the curve (AUC) divided by organism minimum inhibitory
concentration (MIC) explained efficacy.[2, 3] Indeed, the 2020 vancomycin guidelines now
recommend AUC monitoring to maximize efficacy for Saureusinfections.[4] The guidelines
also noted that AUC monitoring and tighter control of vancomycin exposures may result in less
kidney injury.

The AUC therapeutic window for vancomycin has been described in human and animal
studies. A prospective clinical trial demonstrated that AK| increased above a 24 hour-AUC of
515 mg*h/L and that efficacy did not increase for MRSA bloodstream treatments above these
exposures.[5] This ceiling threshold is consistent with other clinical data; a meta-analysis that
included this study suggested a threshold AUC of 650 mg*h/L[6]. Preclinical rat studies have
also found a consistent target, an AUC threshold of 482.2 has predicted 90% of maximal kidney
injury biomarker response.[7] Thus, there is considerable evidence to support AUC as useful
predictor of kidney injury, and thresholds are similar between humansand rats. It isstill
unknown if AUCs or maximal concentrations (Cmax) drives the toxicodynamic relationship for
kidney injury. Herein, we present the results of dose fractionation experiments to better

understand the PK/TD driver of vancomycin-induced kidney injury (VIKI).
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95  Materialsand Methods
96 This PK/TD study was conducted at Midwestern University in Downers Grove, IL. All
97  study methods were approved by the Institutional Animal Care and Use Committee (IACUC,;
98  Protocol #2295) and conducted in compliance with the National Institutes of Health Guide for
99  the Careand Use of Laboratory Animals.[8]]
100
101 Experimental design and animals
102 Experimental methods and design were similar to those described previously.[7] Male
103  Sprague-Dawley rats (N=53, approximately 8-10 weeks old, mean purchase weight 310g) were
104  housed individually in alight and temperature-controlled room for the duration of the study and
105  alowed free access to water and food. Rats (n=5-9 per dosing protocol) were administered 1V
106  injections of clinical-grade vancomycin (n=48) in normal saline (NS) or NS only (n=5, control)
107 aspreviousy described.[7] In brief, rats were placed into atreatment or control group
108 (treatment receiving vancomycin or normal saline, respectively). Vancomycin-treated rats
109  recelved total daily doses of 300, or 400 mg/kg as either a thrice or four times daily divided dose
110  over 24 hours (e.g., 300 mg/kg was given as athrice injection [ 100 mg/kg three times daily] or
111 as 75 mg/kg four times daily for atotal of 24 hours). Previous animal data from our lab
112 comprised the 300 and 400 mg/kg/day daily and twice daily cohorts (i.e., QD and BID) [7]. A
113 complete animal dosing flow chart can be found in supplemental Figure 1. The 300-400
114  mg/kg/day dosing range was chosen based on the known nephrotoxic effect observed in our
115 previous IV study [7] and to span the higher end of the clinical allometric range. For example,

116  theclinical kidney injury threshold of > 4 grams/day in a 70-kg patient (i.e., 57 mg/kg/day in
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117 humans) scales allometrically to 350 mg/kg in therat. [9, 10] Data were analyzed for all animals
118 that were included in the protocol.

119

120  Blood and urine sampling

121 Surgical catheters were implanted 24 hours prior to protocol initiation. Blood samples
122 weredrawn from asingle right-sideinternal jugular vein catheter, and dosing occurred viathe
123 left-sideinternal jugular vein catheter. A maximum of 8 samples per animal were obtained and
124  scheduled at 0, 15, 30, 60, 120, 240, 750 and 1440 min post first dose for the once daily and
125  twicedaily dosing treatment protocol. The thrice dosing treatment protocol animals were

126  sampled at O, 15, 30, 60, 120, 240, 480, and 504 min. The QID daily dosing treatment protocol
127 animals were sampled at 0, 15, 30, 60, 240, 360, 384 and 1094 min. Each sample (0.25 mL

128 aliquot) was replaced with an equivalent volume of NS to maintain euvolemia. Blood samples
129  from vancomycin-treated animals were immediately transferred to a disodium

130  ethylenediaminetetraacetic acid (EDTA, [Sigma-Aldrich Chemical Company, Milwaukee WI])
131 treated microcentrifuge tube and centrifuged at 3000 rpm for 10 minutes. Plasma supernatant
132 wascollected and stored at - 80°C for batch sample analysis.

133 Following the 2 hour blood sample, animals were placed in metabolic cages for urine
134  collection (Nalgene, catalogue # 650-0350, Rochester, NY) for the remainder of the 24 hour
135  study (with the exception that they were briefly removed for scheduled blood samples and

136 vancomycin doses). Urine volume was measured at 12 and 24 hours. Urine was centrifuged at

137 400 x g for 5 minutes, and the supernatant was stored at -80°C until batch analysis.
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138 Chemicals and reagents

139 Animals were administered clinical grade vancomycin hydrochloride for injection (Lot#:
140  591655DD) obtained commercially (Hospira, Lake Forrest, IL). All solvents were of liquid

141 chromatography-tandem mass spectrometry (LC-MS/MS) grade. For LC-MS/M S assay

142 purposes, vancomycin hydrochloride, United States Pharmacopeiawas used (Enzo Life Science,
143 Farmingdale, NY) with a purity of 99.3%. Polymyxin B (Sigma-Aldrich, St. Louis, MO),

144  acetonitrile, and methanol were purchased from VWR International (Radnor, PA). Formic acid
145  was obtained from Fischer Scientific (Waltham, MA). Frozen, non-medicated, non-immunized,
146 pooled Sprague-Dawley rat plasma (anticoagulated with disodium EDTA) was used for

147 calibration of standard curves (BioreclamationlVT, Westbury, NY).

148

149  Determination of vancomycin concentrationsin plasma

150 Plasma concentrations of vancomycin were quantified with LC and column conditions
151 similar to those used in our previous report [ 7]. The lower limit of quantification was 0.25 mg/L.
152 Precision was <8.6% for al measurements, including intra- and inter-day assay measurements.
153 Greater than 92% of the analyte was recovered in all samples tested with an overall mean assay
154  accuracy of 100%. Any samples measuring above the upper limit of quantification were diluted
155  per standard protocol and requantified.

156

157 Determination of urinary biomarkers of AKI

158 Urine samples were analyzed in batch to determine concentrations of KIM-1.

159  Microsphere-based Luminex X-MAP technology was used for the determination of all

160  biomarker concentrations, as previoudy described. [11, 12] Urine samples were aliquoted into
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161 96-well plates supplied with MILLIPLEX® MAP Rat Kidney Toxicity Magnetic Bead Panels 1
162 and 2 (EMD Millipore Corporation, Charles, MO), prepared and analyzed according to the
163  manufacturer’s recommendations.

164
165  Histopathology Kidney Scoring

166 Following terminal blood sampling, bilateral nephrectomy was performed under

167  anesthesiaas previously described [13]. Briefly, kidneys were washed in cold isotonic saline and
168  preserved in 10% formalin solution for histologic examination. Histopathol ogic analyses were
169  conducted by IDEXX BioAnalytics (Westbrook, Maine). Pathologists only received access to
170 nominal dosing group assignment. Scoring was conducted according to the Critical Path

171 Institute’ s Predictive Safety Testing Consortium Nephrotoxicity Working Group’s histologic
172 injury lexicon which utilizes a 0-5 point ordinal scale (25). This scoring system assigns higher
173 scoresto increasing levels of damage (0, no evidence of damage; 1, minimal; 2, mild; 3,

174  moderate; 4, marked; 5, severe/massive) and has been validated previoudly (17, 25). The

175 composite score for each animal was calculated as the highest ordinal score for histopathologic
176  changes at any kidney site (25).

177

178 Vancomycin pharmacokinetic model and exposure deter mination

179 We employed the Bayesian priors from our previously published pharmacokinetic model
180  [7] to generated Bayesian posteriors for all N= 53 animals reported in this manuscript.

181 Pharmacokinetic analyses were completed using the Pmetrics package version 1.5.0 (Los

182  Angeles, CA) for R version 3.2.1 (R Foundation for Statistical Computing, Vienna, Austria)[ 14,

183 15] with model assessment as previously described [7].
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184  Estimation of PK exposure profiles and statistical analysis

185 The pharmacokinetic model was utilized to obtain median maximum a posteriori

186  probability (MAP) Bayesian vancomycin plasma concentration estimates at 12-minute intervals
187  over the 24 hour study period, generated from each animal’ s measured vancomycin

188  concentrations, exact dose, and dosing schedule. Bayesian posteriors for each animal were used
189  to determine exposures over the 24-hour time period (i.e., AUCq 24n, CMAXo.241). The

190  pharmacokinetic value CMAXg.24n Were calculated using ‘makeNCA’ within Pmetrics (Los

191  Angeles, CA, USA) [14, 16]. The highest Bayesian posterior concentration was determined to be
192 eachindividual animal’s CMAXg.24n. Twenty-four hour exposure, as measured by AUCo. 241, Was
193  calculated using the trapezoidal rule within the Pmetrics command ‘ makeAUC’ [14, 16].

194  Cumulative CMAXo.24n Was also calculated for the dose fractionation groups (i.e., BID CMAX
195  multiplied by 2, TID CMAX multiplied by 3, QID CMAX multiplied by 4) and standardized to
196  mg to allow comparison and assess successfulness of varying CMAXo.24n While holding AUCo. 245

197 constant.
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198  Association of PK measureswith urinary AKI biomarker KIM-1

199 Pharmacokinetic exposure estimates were assessed for relationships with KIM-1 using
200  GraphPad Prism version 7.02 (GraphPad Software Inc., La Jolla, CA). PK/TD exposure-

201 response relationships with KIM-1 were evaluated using Spearman’s rank correlation coefficient.
202 Hill-type functions and log transformations of variables were employed to explore the

203 relationship between PK exposures and KIM-1. Correlation coefficients (R?) and corrected

204  Akaike information criterions (A1Cc) were calculated and compared between exposures metrics
205 (CMAX vs. AUC) to evaluate overall fit. KIM-1 was the primary biomarker of interest given

206  gpecificity for proximal tubule damage and identification of VIKI in therat moddl [7, 17, 18].
207

208  Satistical analysisfor between treatment group comparisons

209 Statistical analysis for between treatment group comparisons was performed using

210  Intercooled Stata, version 14.2 (College Station, TX: StataCorp LP.). PK exposure

211 measurements, i.e. AUCo.24n, CMAXo.24n Were compared across vancomycin total daily dose and
212 dosing frequency groups for 300 mg/kg/day and 400 mg/kg/day. Log transformations were

213 employed as needed. Differences between treatment groups for KIM-1 and standardized CMAX
214  werevisualized with LOWESS regression and compared with the Kruskal-Wallis Dunn pairwise
215 comparison with the Bonferroni adjustment. All tests were two-tailed, with an a priori level of

216  statistical significance set at an alpha of 0.05.
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217  Reaults
218  Characteristics of animal cohort

219 All 48 animals from the 300 mg/400 mg total daily dose cohorts contributed

220  pharmacokinetic model data (5 controls were not included in model since, by design, they did
221 not have quantifiable vancomycin levels). Mean baseline weights were not significantly different
222 between controls and vancomycin dosing protocol animals (307.4 g versus 313.6 g, P=0.49).

223 Overall 24-hour urine output was significantly different between controls and the vancomycin
224  treated animals (4.2 versus 16.11 mL, P<0001). Lastly, median histopathology scores differed
225 numerically though not statistically significantly between controls and the entire vancomycin

226  treated cohort (1 versus 2, P=0.088). However, median KIM-1 values were significantly different
227 between controls and vancomycin dosing protocol animals (0.63 ng/mL versus 6.169 ng/mL,

228  p<0.001).

229 In stratified dosing group analyses (i.e. 300 mg/kg/day and 400 mg/kg/day), there was a
230  significant difference in median KIM-1 between fractionation schemes. In the 300 mg/kg/day
231 group, median KIM-1 values were significantly different in thedaily vs TID (10.7 ng/mL vs. 2.3
232 ng/mL, P=0.03) and daily vs QID (10.70 ng/mL vs. 1.46 ng/mL, P<0.01). In the 400 mg/kg/day
233 group, median KIM-1 values only differed in the BID vs QID (13.3 ng/mL vs. 4 ng/mL) dose

234  fractionation group (P-value: <0.001) A complete pairwise comparisons can be found in Table 1.

235
236 Vancomycin PK models, parameter estimates and exposures

237 Median (CV %) parameter values for the pharmacokinetic model for Ke, V, KCP and
238 KPC were: 0.7 hr''(60.81), 0.07 L (76.69), 1.42 hr* (136.87), 1.52 hr'* (160.86), respectively.
239 Mode predictive performance demonstrated observed versus Bayesian predicted concentrations,

240  bias, imprecision (i.e., bias-adjusted mean weighted squared prediction error) and the coefficient
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241 of determination (R?) of 0.101 mg/L, 2.61 (mg/L)?, and 0.958 respectively (Figure 1). A
242  complete concentration vs. time profile plot by dose fractionation for all animals in the 300
243 mg/kg/day and 400 mg/kg/day can be found in Figure 2. There were no significant differences

244 found in CMAX standardized by fractionation and mg in all animals.
245
246  Exposure-Response Relationships

247 Four parameter Hill models best described the exposure:biomarker relationships.

248  Exposure:biomarker relationships were found between AUCq.o, versus KIM-1 (R?=0.68) and
249  CMAXg.4 versus KIM-1 (R?=0.7). Overall, AUCq.24 versus KIM-1 was slightly less predictive
250  than CMAXg.24 Versus KIM-1 as the CMAX .24 mode performed better based on AICc

251 comparison (AlCc=-5.28 vs. AICc= -1.95). All exposure-biomarker relationships are shown in

252 Figure 3.

253
254 Vancomycin Dose Fractionation vs Biomarker Relationships

255 The plot visually displays decreasing urinary KIM-1 concentrations as doses were

256  increasingly fractionated between once and four times daily for both daily dose groups (i.e. 300
257 and 400 mg/kg/day). Pairwise comparison showed that there was a significant differencein

258  KIM-1 between QD vs TID and QID groups and BID to TID and QID (P-values al <0.01). A

259  visual representation of these trends and differences are shown in Figure 4.
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260 Discussion

261 This pre-clinical study provides continued evidence that VIKI is caused by high maximal
262  vancomycin concentrations and elevated exposures. Importantly in our model, CMAX was

263  marginally better than AUC in explaining toxicodynamic relationships. These findings, along
264  with studies that have compared prolonged infusion vancomycin to standard intermittently

265  infused vancomycin, suggest that giving the same total daily dose in fractionated fashion or with
266  continuous infusion may improve kidney outcomes.[19-23] In our trial where we were able to
267  fractionate doses, weidentified that CMAX exhibited a slightly improved relationship with

268 KIM-1 compared to AUC 4-parameter Hill model fit (CMAX verusKIM-1: R* = 0.7, AIC, = -
269 5.28; AUC versus KIM-1: R? =0.68, AIC. = -1.95). Further, the fractionation scheme resulted in
270  lower KIM-1. That is, when the daily dose was split into several doses, kidney injury was less.
271 For the fractionation schemes, we demonstrated that CMAX remained constant between the

272 groups (p=0.34) and that urinary KIM-1 was lower in TID and QID groups than QD and BID (P-
273 vauesall <0.01).

274 Therat isahighly relevant pre-clinical model for drug induced acute kidney injury, as
275  Quantiative biomarkers that describe degree of injury are shared between humans and rats.[ 24,
276 25| Adeguate blood sample volumes are possible in therat, thus allowing for arichly sampled
277 PK design and careful characterization of vancomyicn exposures in order to assess

278 pharmacokinetic/toxicodynamic (PK/TD) relationships at the indivdual animal level. Further,
279  PK/TD relationships are similar between this rat model and human VIKI. In both species,

280  toxicity thresholds are ~500-600 mg/L* 24hours.[5-7] KIM-1 was utilized as the surrogate of
281 VIKIlinthisstudy asit is causally linked to histopathologic damagein V treated rats. KIM-1is

282  aspecific marker of histopathologic proximal tubule injury in VIKI [7, 13]. KIM-1 has predicted
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283  histopathologic rise (P<0.001) and was the best predictor of histopathologic damage score >2 on
284  each study day (i.e. day 1, 2, 3, and 6) as determined by ROC area. Quantitatively, every 1

285  ng/mL increase of KIM-1 increased the likelihood of a histopathologic score > 2 by 1.3 fold

286  (P<0.001).[9]

287 Our findings by fractionation group are similar to those from Konishi et al.’s study in
288  Wistar rats. They found that creatinine clearance and superoxide dismutase were decreased in
289  ratstreated once daily vs. twice daily.[26] Our study isdifferent in that we administered

290  vancomycin intravenously and were additionally able to precisely estimate exposures for each rat
291  inorder to define the PK/TD relationships. Konishi et al. studied animals over 7 days while we
292 studied asingle day (asthisisthe PK/TD model that has best linked rat outcomes to human

293  outcomes).[5, 7, 26] Their findings that vancomycin saturated similarly in the kidney between
294  thetwo groups may suggest that outcomes will eventually converge toward equivocal if

295  treatment is prolonged. That is, fractionating doses may provide benefit early; however, it will
296  remain prudent to discontinue nephrotoxic drugs when they are not needed as human trials and
297 animal models consistently show the kidney toxicity of vancomycin.[27]

298 Randomized studies will be necessary to discern if fractionating the daily dose of

299  vancomycin ultimately improves outcomes for humans. Indeed, small clinical studies and meta-
300 analyses have demonstrated that continuous infusions of vancomycin might result in less kidney
301 injury than traditional intermittent infusions[19, 21, 22] In theory, limiting the CMAX even for
302  equivalent AUC exposures could improve the renal safety of vancomycin. Thesingle

303  prospective human trial that randomized patients to continuous infusion vancomycin (n=61) or
304 traditional intermittent infusions (n=58) did not find a difference in renal outcomes between the

305  groups. However the study was relatively underpowered to assess this outcome in the setting of a
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306  heterogenous study population receiving varied concomitant therapies.[28] A prolonged

307  vancomycin administration has also been considered in recent national guidelines which

308  concluded with moderate evidence that the risk of developing nephrotoxicity with continuous
309  infusion appearsto be similar or lower than that with intermittent dosing.[4]

310 There are several limitationsto this study. First, this study was limited to 24 hour dosing
311 for our dose fractionation protocol. However as previously noted, elevations in biomarkers have
312  already been linked to histopathologic damage within thistime period [29]. Second, this

313  employed allometric scaled doses that are known to result in toxicity, i.e. CMAX was not

314  humanized. Additional studieswill be needed to understand if the TD relationship found in this
315  study isreproducibleif CMAX is scaled to humanized values. It is notable that it is not possible
316  to utilize standard practices of administering nephrotoxic agents to animals match human

317  clearance when the outcome being assessed is AKI. Thus, continuous infusion may be the best
318  way to parameter scale CMAX, and it isnot clear if those studies will be more tranglational than
319  the current approaches.

320 In summary, these data demonstrate that VIKI may be driven by CMAXg.24. These

321 findings have clinical implications as dosing strategies may be able to dose fractionate a total
322 daily vancomycin dosein efforts to maintain efficacy by maintaining AUC while decreasing

323 toxicity. Further studies employing continuous infusion dosing strategies are warranted to further

324  assessif administration scheme can mitigate toxicity.
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Figure 1. Best fit plot for Bayesian observed versus predicted plasma vancomycin concentrations

utilizing the final 2-compartmental model
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Figure 2. Concentration versustime plots for each dose fractionation group all animals (A) 300 mg/kg/day and (B) 400 mg/kg/day

A).

Plasma Vancomycin Concentration (meg/mL)

Plasma Vancomycin Concentration (meg/mL)

1000 1500 2000

500

400 600 800 1000

200

Vancomycin Concentration-Time Profile for Plasma for 300 mg/kg/day Animal

Time (h)
Vancomycin Concentration-Time Profile for Plasma for 100 mg/kg TID Animal

Time (h)

Plasma Vancomycin Concentration (mea/mL)

Plasma Vancomycin Concentration (meg/mL)

400 600 800 1000

200

400 600 800 1000

200

Vancomycin Concentration-Time Profile for Plasma for 150 mg/kg BID Animal

0 5 10 15 20

Time (h)
Vancomycin Concentration-Time Profile for Plasma for 75 mg/kg TID Animal

Time (h)

"9suUd2I| [eUORRWIBIU| O AN-DN-AG-DD® Japun a|qe|ieAe
apeuw sl ‘Aunadiad uluudaid ayy Aejdsip 01 asuadl| e AIxHoIq pajuelh sey oym ‘1spunyioyine ayi si (mainal 1aad Aq paijiniad Jou sem Yyaiym)

widaud siys Joy Japjoy wbuAdod 8yl "0z0z ‘8z 1snbny paisod uoisIaA sIY) '€620.2°22'80°0202/TOTT 0T/BI0"10p//:sdny :1op jundaid Aixyoiq


https://doi.org/10.1101/2020.08.27.270793
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2020.08.27.270793; this version posted August 28, 2020. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY-NC-ND 4.0 International license.

® ®
E E
s =
<€ <
o o
o <}
g 2
= =
£ g - &
Q =]
& =
= {
8 2
o ©
£ =
= ) - e
o o
a =
8 = 2 =
2 o a @
= E = =
[ = o =
2 p e
o -
E £
L =
= <
2 =]
= =
© ©
& & - =
g g T
o S °
£ = 8
- =) £
£ £ =
Q o )
2 2 5
& , T T , , S T , , T T w
= ooz 005l oooL 005 0 > ooz ey 000k 005 0 “
1]
(wyBow) uopelussuoD UIRALOIUBA BLUSE|d (wijBow) uopeuaoUoD) UPAWIOIUBA BLISE|H D
[ s 2
E E =
= c .
a < ©
> o o
T =
T F B
o [=1]
= = &
= o =2 (=} - —
£ — o~ E -~ —
o ©
g 8 8
= = e
s = =
: : I
@ L o 0 L o o
« — © — —_
o o
S 5 =
o _ o - -
@ s e s 2
= E = £ )
o | ] o L ©
@ - © =] @
E E O
T T - —
& P =
o =] f=
2 = 1]
B g Qa
= =
m I m Fw m
3] o >
= c —_—
B B g
£ E I
=] - o [=] - o
o =}
s T T T T T s T T T T T
> ooz 00s1 000t 00s 0 > ooz 00st 0001 00s 0
{wBow) uoenuaaU0T UISALWOIUB A BLUSE|4 (Jw/Bow) uonenuaouoD URAWOIUBA BUWSE S

Abbreviations: QD

B).


https://doi.org/10.1101/2020.08.27.270793
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2020.08.27.270793; this version posted August 28, 2020. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY-NC-ND 4.0 International license.

Figure 3. (A) AUCq.24 (mg*h/L) and (B) CMAX .24 (Mg/L) versus urinary biomarkers KIM-1*

(A, B, C) and OPN* (D, E, F) relationship by 4-Parameter Hill mode fit
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Abbreviations: AUC= area under the curve, CMAX= maximum concentration, KIM-1= kidney

injury molecule-1
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Figure 4. Dose Fractionation vs. KIM-1 Relationship for all Animals

20 L
s Fraction
2 = o
E ? B3 1
“_:" 10 * 5
=
0 - odbe *
0 1 2 3 4

Number of Times Fractionated per Day

Group Comparison | QD BID TID

BID NS - -
TID <0.01 <0.01 -
QID <0.01 <0.01 NS

Abbreviations: KIM-1= kidney injury molecule-1, IQR= interquartile range, QD=daily,

BID=twice daily, TID=threetimes daily, QID=four times daily

* Controls were excluded from statistical analysis given they did not receive vancomycin and are

only shown graphically to demonstrate KIM-1 values absent therapy but with sham procedures.
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Table 1: Biomarker KIM-1 summary for vancomycin treated animals by dose fractionation

300 mg/kg/day Daily BID TID QID P-value
animals (N=5) (N=5) (N=6) (N=6)
Median KIM-1 10.70* ** 9.5 2.3* 1.46** "0.03
(ng/mL) % <0.01
9.8-12.3 7.7-10.3 1.43-4.9 1.2-25 '
(I0R) ( ) | ( ) | ( ) | @225
400 mg/kg/day Daily BID TID QID P-value
animals (N=5) (N=6)  |(N=9) (N=6)
Median KIM-1 . . *<0.001
(ng/mL) 105 13.3 4 6.4
6.6-14.4 13-16.5 2.9-4.6 4.8-8.3
(I0R) (66-144) | (13-165) | (2946) | (4883

Abbreviations: KIM-1= kidney injury molecule-1, IQR= interquartile range, BID= twice daily,
TID= threetimes daily, QID=four times daily
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Supplemental Figure 1. Animal dosing flow chart

Control N=53 DD = 400
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n=s TDD= 300 n=22
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n=26 [ | 400 mg/kg x 1
300 mg/kg x1 n=>
n=5 _200 mg/kg g12 h
n=5
*100 mg/kg g8h
I n=9 133 mg/kg g8h
n=6
100 mg/kg géh
i n=6 75mg/kg g6 h
n=6
150 mg/kd g12h
n=6***

*100 mg/kg g8h group was repeated
**71 animal contributed partial PK

***2 animals contributed partial PK or TD
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Note: All 53 animals that received vancomycin were included in the PK model build.

New animals

Previous animals [7]

Abbreviations: IV = intravenous, TDD = total daily dose, x1= once daily dose, g8h = thrice daily dose, q6h = 4x daily dose,

g12h=twice daily dose
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