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ABSTRACT Plazomicin is a new FDA-approved aminoglycoside antibiotic for com-
plicated urinary tract infections (cUTI). In the product labeling, trough-based thera-
peutic drug management (TDM) is recommended for cUTI patients with renal impair-
ment to prevent elevated trough concentrations associated with serum creatinine
increases of �0.5 mg/dl above baseline. Herein, the utility of the Hartford nomogram to
prevent plazomicin trough concentrations exceeding the TDM trough of 3 �g/ml
and optimize the area under the curve (AUC) was assessed. The AUC reference
range was defined as the 5th to 95th percentile AUC observed in the phase 3 cUTI
trial (EPIC) (121 to 368 �g · h/ml). Observed 10-h plazomicin concentrations from
patients in EPIC (n � 281) were plotted on the nomogram to determine an eligible
dosing interval (every 24 h [q24h], q36h, q48h). Based on creatinine clearance (CLcr),
a 15- or 10-mg/kg of body weight dose was simulated with the nomogram-derived
interval. The nomogram recommended an extended interval (q36h and q48h) in
31% of patients. Compared with the 15 mg/kg q24h regimen received by patients
with CLcr of �60 ml/min in EPIC, the nomogram-derived interval reduced the pro-
portion of patients with troughs of �3 �g/ml (q36h, 27% versus 0%, P � 0.021;
q48h, 57% versus 0%, P � 0.002) while significantly increasing the number of pa-
tients within the AUC range. Compared with the 8 to 12 mg/kg q24h regimen (re-
ceived by patients with CLcr of �30 to 59 ml/min in EPIC), the nomogram-derived
interval significantly reduced the proportion of troughs of �3�g/ml in the q48h co-
hort (72% versus 0%, P � 0.001) while maintaining a similar proportion of patients in
the AUC range. Simulated application of the Hartford nomogram optimized plazomi-
cin exposures in patients with cUTI while reducing troughs to �3 �g/ml.
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Aminoglycoside antibiotics have long held a therapeutic role in the treatment of
Gram-negative infections in the urinary tract (1, 2). The increasing rate of �-lactam

and fluoroquinolone resistance has prompted a renewed interest in aminoglycoside
use (3, 4). In an effort to optimize aminoglycoside exposures for clinical efficacy and
minimize dose-related toxicities, therapeutic drug monitoring (TDM) for the currently
available aminoglycoside antibiotics has become routine (5, 6). The Hartford Hospital
extended-interval aminoglycoside dosing nomogram (referred to as the Hartford no-
mogram) was developed in the mid-1990s as a simple and reliable tool for determining
a daily (every 24 [q24h]) or extended (q36h or q48h) dosing interval for gentamicin,
tobramycin, and later, amikacin when using a higher than conventional mg/kg dose (7).
Plotting of a single random aminoglycoside concentration collected 6 to 14 h after
administration of a high dose (i.e., gentamicin or tobramycin at 7 mg/kg of body
weight) proposed a dosing interval that resulted in trough concentrations less than or

Citation Asempa TE, Kuti JL, Seroogy JD,
Komirenko AS, Nicolau DP. 2019. Application of
the Hartford Hospital nomogram for
plazomicin dosing interval selection in patients
with complicated urinary tract infection.
Antimicrob Agents Chemother 63:e00148-19.
https://doi.org/10.1128/AAC.00148-19.

Copyright © 2019 American Society for
Microbiology. All Rights Reserved.

Address correspondence to David P. Nicolau,
david.nicolau@hhchealth.org.

Received 22 January 2019
Returned for modification 4 March 2019
Accepted 19 July 2019

Accepted manuscript posted online 29 July
2019
Published

CLINICAL THERAPEUTICS

crossm

October 2019 Volume 63 Issue 10 e00148-19 aac.asm.org 1Antimicrobial Agents and Chemotherapy

23 September 2019

https://doi.org/10.1128/AAC.00148-19
https://doi.org/10.1128/ASMCopyrightv2
mailto:david.nicolau@hhchealth.org
https://crossmark.crossref.org/dialog/?doi=10.1128/AAC.00148-19&domain=pdf&date_stamp=2019-7-29
https://aac.asm.org


equal to 1 �g/ml. Accordingly, reductions in aminoglycoside-induced nephrotoxicity
have been observed with the application of nomogram-derived dosing intervals (5,
7, 8).

Plazomicin is a recently FDA-approved aminoglycoside antibiotic for the treatment
of complicated urinary tract infections (cUTI), including pyelonephritis, in patients
18 years of age or older (9). Plazomicin is structurally modified to avoid degradation by
clinically relevant aminoglycoside-modifying enzymes that would otherwise result in
resistance to other aminoglycosides (10–12). Plazomicin inhibits bacterial protein syn-
thesis and has rapid bactericidal activity against many extended-spectrum �-lactamase
(ESBL)-producing, aminoglycoside-resistant, and carbapenem-resistant isolates (13–16).

In the ACHN-490-009 phase 3 clinical trial (ClinicalTrials.gov identifier NCT02486627;
EPIC trial) in patients with cUTI or acute pyelonephritis, plazomicin dosing was guided
by daily creatinine clearance (CLcr) without the use of therapeutic drug monitoring
(TDM) (17). Plazomicin achieved the primary objective of noninferiority against mero-
penem. Serum creatinine increases of �0.5 mg/dl above baseline at any time during
EPIC, were observed in approximately 4% and 7% of the meropenem-treated and
plazomicin-treated patients, respectively. These changes in serum creatinine primarily
occurred in patients with creatinine clearance (CLcr) of �90 ml/min and were generally
associated with a plazomicin trough concentration of �3 �g/ml. Most serum creatinine
increases were �1 mg/dl above baseline and returned to �0.5 mg/dl from the baseline
value after completion of plazomicin therapy (17).

Given a similar pharmacokinetic profile of plazomicin to other aminoglycosides (9,
11), we hypothesized that plazomicin concentrations, with application of the appro-
priate dose ratio, could be plotted on the Hartford nomogram in order to select a
dosing interval that would reduce the proportion of patients with a simulated trough
concentration of �3 �g/ml while maintaining a high proportion of patients with
simulated area under the curve (AUC) exposures within the AUC reference range from
EPIC. Similar to amikacin, a dose ratio is used to correct for differences in the mg/kg
clinical dose for plazomicin compared to gentamicin and tobramycin, for which the
nomogram was developed. Application of the Hartford nomogram, which relies on a
single measurement 6 to 14 h after dosing, could allow an interval adjustment 10 to
18 h prior to the next dose for patients on a q24h dosing interval. Plazomicin-treated
patients enrolled in EPIC had plasma collected after the second, third, or fourth dose for
plazomicin concentration determination and pharmacokinetic analyses. At least one of
the collected plasma samples was within the 6- to 14-h time window, permitting
application of the Hartford nomogram to select a dosing interval, followed by simula-
tion of that regimen to evaluate theoretical trough concentrations and AUC exposures.

RESULTS
Patient characteristics. A total of 609 patients were enrolled in the EPIC trial, with

303 receiving at least one dose of plazomicin. Of the 303 plazomicin-treated patients,
22 were excluded from these analyses, as pharmacokinetic parameters could not be
estimated based on the collected pharmacokinetic (PK) data, leaving 281 patients
available for application of the Hartford nomogram and simulation. Table 1 highlights
the clinical characteristics for these evaluable patients. Males and females were equally
represented, and the majority of patients (189/281, 67%) had a CLcr of �60 ml/min.

Hartford nomogram application. The observed mean (standard deviation [SD])
plazomicin concentration at 10 h was 7.7 (5.9) �g/ml for the 281 patients. Mean (SD)
10-h concentrations were higher for patients with lower CLcr (CLcr of �30 to 59 ml/min,
9.0 [5.6] �g/ml versus CLcr of �60 ml/min, 7.1 [5.9] �g/ml). When corrected by the dose
ratio (i.e., the ratio of administered dose to 7 mg/kg [the original gentamicin/tobramy-
cin dose used in the Hartford nomogram]), 194 (69%) and 87 (31%) patients were
eligible for a q24h dosing interval and an extended interval (q36h or q48h), respec-
tively. A significantly larger proportion of patients with CLcr of �30 to 59 ml/min were
eligible for an extended dosing interval than patients with CLcr of �60 ml/min (55.4%
[51/92] versus 19% [36/189], P � 0.001). For patients with a CLcr of �60 ml/min
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(n � 189), 12% were eligible for the q36h regimen and 7% were eligible for the q48h
regimen. For patients with CLcr of �30 to 59 ml/min (n � 92), the nomogram recom-
mended q36h and q48h intervals in 24% (n � 22) and 32% (n � 29) of patients,
respectively.

Serum creatinine increases of >0.5 mg/dl above baseline. Serum creatinine
increases of �0.5 mg/dl above baseline at any time during the trial were observed in
17/281 (6.0%) plazomicin-treated patients for whom PK parameters could be estimated.
Compared with patients with trough concentrations of �3 �g/ml, the incidence of
serum creatinine increases of �0.5 mg/dl above baseline was significantly higher in
patients with observed troughs of �3 �g/ml (6/231 [2.6%] versus 11/50 [22.0%],
P � 0.001). Of note, 39/87 (44.8%) of patients eligible for an extended interval had
observed trough concentrations of �3 �g/ml compared with 11/194 (5.8%) of patients
eligible for a q24h interval (P � 0.001). Similarly, patients eligible for an extended
interval had a higher incidence of serum creatinine increases of �0.5 mg/dl above
baseline compared with patients eligible for a q24h interval (12.6% versus 3.1%,
P � 0.002).

Simulated plazomicin exposures. Plazomicin trough concentrations and interval-
normalized AUC0 –24h (nAUC) values were simulated for patients eligible for an ex-
tended dosing interval and compared with the troughs and AUC0 –24h values observed
in EPIC (Table 2). The nAUC for the simulated patients was defined as the AUC0 –24h for
q24h-eligible patients, AUC over the 36 h divided by 1.5 for q36h-eligible patients, and
AUC over the 48 h divided by 2 for q48h-eligible patients. Fig. 1 illustrates the median
trough concentrations for the observed versus simulated patients in each dosing
interval cohort (i.e., patients eligible for a q24h, q36h, and q48h interval).

For patients with CLcr of �60 ml/min, simulation of a 15-mg/kg dose with a
nomogram-derived extended interval (q36h or q48h) in eligible patients decreased the
proportion of patients with AUC above the reference AUC range (121 to 368 �g · h/ml),
resulting in a mean nAUC (� standard deviation) (q36h, 203 � 36 �g · h/ml; q48h,
205 � 53 �g · h/ml) comparable to the mean AUC of patients eligible to continue a
q24h dosing interval (q24h, 234 � 83 �g · h/ml) (Table 2). Similarly, for patients with
CLcr of �30 to 59 ml/min, simulation of a 10-mg/kg dose with a nomogram-derived
extended interval in eligible patients resulted in mean nAUC (q36h, 153 � 37 �g · h/ml;
q48h, 153 � 56 �g · h/ml) comparable to the mean AUC of patients eligible to continue
a q24h dosing interval (q24h, 182 � 54 �gml).

Most importantly, at the plazomicin doses (mg/kg) recommended for patients in
both renal function cohorts, application of the Hartford nomogram resulted in marked
improvement in the proportion of patients that achieved plazomicin exposures (nAUC)

TABLE 1 Characteristics of evaluable plazomicin-treated patientsa

Participant characteristics (n � 281) Value

Female sex, n (%) 157 (55.9)

Infection type
cUTI, n (%) 169 (60.1)
AP, n (%) 112 (39.9)

Age (years), mean (SD) 58 (18)
Total body weight (kg), mean (SD) 76 (16)
CLcr (ml/min)b, median (IQR) 77.4 (55.4–95.5)

CLcr, n (%)
�60 ml/min 189 (67.3)
59–31 ml/min 92 (32.7)

Plazomicin dose (mg), median (IQR) 960 (770–1,120)
Any rise in Scr �0.5 mg/dl, n (%) 17 (6.0)
aCLcr obtained on day of plazomicin concentration sampling.
bAP, acute pyelonephritis; SD, standard deviation; IQR, interquartile range; Scr, serum creatinine.
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within the reference range and concurrently had a trough of �3 �g/ml. Overall, 73% to
100% of patients met this safety and efficacy metric (Table 2).

DISCUSSION

Optimizing antimicrobial therapy is critical to improving clinical outcomes among
patients with serious and life-threatening bacterial infections (18–20). Conventionally,
aminoglycosides have been administered as multiple daily doses with serial determi-
nations of plasma concentrations to evaluate efficacy and monitor toxicity. Early
understanding of the pharmacodynamic and pharmacokinetic principles underlying
aminoglycosides led to the development of alternative dosing strategies in an effort to

TABLE 2 Proportion of patients with trough of �3 �g/ml and mean nAUC (�g/ml) after simulation with Hartford nomogram-
recommended extended interval

Dosing interval

CLcr > 60 ml/min (n � 189)b CLcr > 30 to 59 mL/min (n � 92)b

Trough >3
�g/ml (n [%])

nAUC,d

mean (SD)

Trough <3 �g/ml and
nAUC within reference
rangee (n [%])

Trough >3
�g/ml (n [%])

nAUC,d

mean (SD)

Trough <3 �g/ml and
nAUC within reference
rangee (n [%])

Eligible for q24h interval
Observeda 9/153 (5.9%) 234 (83) 128/153 (83.7%) 2/41 (4.9%) 182 (54) 32/41 (78%)
Simulated –c – – 2/41 (4.9%) 166 (47) –
P value NDf ND ND 1.000 0.156 ND

Eligible for q36h interval
Observed 6/22 (27.3%) 312 (71) 12/22 (54.5%) 4/22 (18.2%) 253 (73) 16/22 (72.7%)
Simulated 0/22 (0%) 203 (36) 22/22 (100%) 1/22 (4.5%) 153 (37) 16/22 (72.7%)
P value 0.021 �0.001 �0.001 0.345 �0.001 1.000

Eligible for q48h interval
Observed 8/14 (57.1%) 407 (102) 5/14 (35.7%) 21/29 (72.4%) 323 (127) 8/29 (27.6%)
Simulated 0/14 (0%) 205 (53) 14/14 (100%) 0/29 (0%) 153 (56) 23/29 (79.3%)
P value 0.002 �0.001 �0.001 �0.001 �0.001 �0.001

aObserved AUC0 –24h (�g · h/ml) and trough values based on q24h regimen received during the EPIC trial.
bCLcr determined per EPIC trial protocol using the Cockcroft-Gault formula.
cSimulation of nAUC and trough concentrations not performed, as patients were Hartford nomogram eligible for an interval that was utilized in EPIC (i.e., plazomicin
15 mg/kg q24h).

dInterval-normalized AUC0 –24h (nAUC, �g · h/ml) is AUC0 –24h for q24h patients, AUC0 –36h divided by 1.5 for q36h patients, and AUC0 – 48h divided by 2 for q48h
patients.

eThe AUC reference range was defined as the 5th to 95th percentile AUC observed in the phase 3 cUTI trial (EPIC) (121 to 368 �g · h/ml).
fND, not done.

FIG 1 Median observed (obs) versus simulated (sim) plazomicin trough concentrations according to Hartford nomogram
dosing eligibility among patients with (left) CLcr of �60 ml/min and (right) CLcr of �30 to 59 ml/min. Boxes represent the
median and 25th and 75th percentiles. Whiskers represent the 5th and 95th percentiles. Data points (dots) represent individual
concentration outliers. The dashed line represents the toxicity threshold (3 �g/ml).
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maximize the peak concentration (Cpeak)/MIC ratio and reduce the risk of toxicity (8, 21).
Plazomicin, administered as a once daily aminoglycoside, takes advantage of this
class-wide pharmacodynamic strategy. Of note, the plazomicin AUC/MIC ratio been
shown to correlate best with efficacy in animal and in vitro models of infection (9, 22).

Per the plazomicin FDA product label, TDM is recommended to maintain plasma
trough concentrations below 3 �g/ml for cUTI patients with CLcr of �15 ml/min and
�90 ml/min (9). Unfortunately, TDM protocols incorporating safety and efficacy for
clinicians and pharmacists do not exist— hence the urgent need to provide a simple
and reliable tool for TDM and dosage selection. With this study, we show that the
validated and widely adopted Hartford nomogram for traditional aminoglycoside
dosing can be used for plazomicin TDM. Our results suggest that use of the Hartford
nomogram will successfully reduce trough concentrations and increase the propor-
tion of AUC values in the desired range in patients with cUTI. Among all patients
evaluated in the current analyses, the reported incidence of serum creatinine
increases �0.5 mg/dl above baseline was 6%. The incidence of serum creatinine
increases of �0.5 mg/dl above baseline was substantially higher among patients with
a trough of �3 �g/ml than among patients with a trough of �3 �g/ml. Similarly,
elevated troughs and corresponding serum creatinine increases of �0.5 mg/dl above
baseline were more common in patients with CLcr of �30 to 59 ml/min versus CLcr of
�60 ml/min. This reaffirms the well-described association between declining renal
function and an increased risk of aminoglycoside-induced nephrotoxicity (23–25).
Irrespective of baseline renal function, however, patients eligible for extended intervals
based on their 10-h concentrations were more likely to have higher troughs and
observed serum creatinine increases of �0.5 mg/dl above baseline compared with
patients who would continue to require q24h dosing.

One in three patients (31%) with cUTI included in this analysis was eligible for an
extended-interval regimen after application of the Hartford nomogram, indicating a
substantial role for the utilization of the nomogram in clinical practice. The primary
finding in this study was the reduction in the proportion of simulated patients with a
trough of �3 �g/ml relative to observed troughs in the EPIC trial, in which trough-
based TDM was not implemented per the protocol. Indeed, in patients eligible for
extended-interval dosing regimens, simulated plazomicin trough concentrations were
on average 5-fold lower than trough concentrations observed following the q24h
regimen administered in the EPIC trial (Fig. 1). This is not surprising given the linear,
dose-proportional pharmacokinetics of aminoglycosides, including plazomicin.

Given the favorable clinical and microbiological outcomes observed in the pivotal phase
3 trial (17), a surrogate for maintaining comparable plazomicin efficacy, the 5th to 95th
percentile AUC0–24h values observed in EPIC (121 to 368 mgliter) were selected as the
benchmark AUC range. For all patients with CLcr of �60 ml/min and a 10-h concentration
necessitating an extended interval, the simulated mean nAUC fell within this reference
range. By extending the interval from q24h to q36h or q48h, the mean nAUC was lower,
and a corresponding shift in the number of patients with nAUC above range to within
range was observed. Among patients with moderate renal impairment (CLcr, �30 to
59 ml/min), the simulated mean nAUC was significantly lower than the q24h regimen
received; however, no significant difference in the proportion of patients achieving an
nAUC within the reference range was observed. Overall, application of the Hartford
nomogram resulted in marked improvement in the number of patients that concurrently
maintained AUC exposures within the reference range and achieved trough concentrations
of �3 �g/ml. This combined metric provides clinical relevance by taking into account both
the safety and efficacy of the Hartford nomogram for plazomicin dosing.

For cUTI patients with CLcr of �15 ml/min and �90 ml/min, TDM-based adjustment
in the current plazomicin product label involves extending the dosing interval by
1.5-fold (i.e., from q24h to q36h or from q48h to q72h) for plasma trough concentra-
tions of �3 �g/ml (9). This strategy utilizes the trough, drawn approximately 30
minutes prior to the subsequent dose, as the monitoring parameter to minimize
dose-related toxicities. Consequently, a second plazomicin dose can be administered
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before the results of TDM samples are available for the dosage interval decision. On the
other hand, obtaining a plazomicin concentration earlier (i.e., drawn between 6 and 14
h for plotting on the Hartford nomogram) is highly attractive, as it could lead clinicians
to identify patients at risk for elevated trough concentrations sooner and permit the
selection of a new dosing interval before a second dose is administered. However, since
trough-based TDM was not utilized within the EPIC trial, no conclusions can be made
with regard to the performance of the Hartford nomogram compared with trough-
based TDM recommended within the product label.

The following study limitations should be considered when interpreting results.
Patients with a baseline CLcr of �30 ml/min were excluded from the EPIC trial. As such,
these analyses are not applicable to this patient population and warrant further studies.
Furthermore, clinicians should ensure that individual patients match the population for
which the original nomogram was developed (i.e., exclude pediatric, pregnant, burn,
ascite, and dialysis patients) until otherwise proven applicable. Individualization of
patient therapy remains critical to obtaining optimal outcomes. As with original appli-
cation of the nomogram for gentamicin and tobramycin, if the single plazomicin
concentration falls near the q36h or q48h recommendation line, the longer interval
should be chosen to avoid drug accumulation and associated dose-related toxicities (7).

We acknowledge that a TDM strategy for plazomicin (and all aminoglycosides) that
utilizes serial plasma concentrations at exact time points from a patient during a dosing
interval will allow one to better characterize the pharmacokinetic drug profile of that
individual. However, while this is feasible in research studies, in the clinical setting,
where resources and sampling time are limited, the availability of once-daily nomo-
grams such as the Hartford nomogram (which requires a single blood draw) provides
convenience, cost saving, and equivalent patient outcomes (6). Of note, this current
study utilized CLcr values available from the various study sites enrolled in the EPIC trial,
in contrast to the central study laboratory CLcr values. This was used for nomogram
application in order to incorporate a level of variability in CLcr estimates that can be
observed with different clinical laboratories, thus adding robustness to the study
findings. Our study design involved trough and AUC exposure simulations in the
patients who participated in the EPIC trial based on their individual pharmacokinetic
parameters derived from a previously conducted population pharmacokinetic analysis
(26). The application of patient-specific pharmacokinetics and the product labeling
dosing recommendations provided a robust framework for the utility of the Hartford
nomogram in patients receiving plazomicin for cUTI. As a result of this methodology,
a prospective trial utilizing the Hartford nomogram should be conducted to clinically
validate our findings and the real-world incidence of plazomicin nephrotoxicity.

In conclusion, the application of the Hartford nomogram allowed for identification
of daily and extended plazomicin dosing intervals in patients with cUTI while decreas-
ing the exposure associated with nephrotoxicity in this population. Due to increasing
resistance to other classes of antimicrobials, plazomicin has the potential for significant
adoption in patients, and a lack of individual dosing guidance could lead to under-
dosing or overdosing with toxicity. The positive results of this study should therefore
have a valuable impact on plazomicin TDM.

MATERIALS AND METHODS
Study design. This was a retrospective analysis of patient data collected during the ACHN-490-009 phase

3 cUTI/AP trial (NCT02486627; EPIC). In brief, patients who participated in the EPIC trial and who had
pharmacokinetic parameter estimates available had plazomicin concentrations simulated using a 15- or
10-mg/kg dose with the dosing interval based on their observed 10-h concentration and the Hartford
nomogram. The study was reviewed and approved by the Hartford Hospital Institutional Review Board.
Informed consent was waived because all patient data were available and collected for the purposes of the
EPIC trial.

Study population. Patients enrolled in the EPIC trial who received at least one dose of plazomicin
were considered for inclusion in this study. Patients were excluded from these analyses if pharmacoki-
netic parameter estimates were unavailable. During the phase 3 EPIC trial, plazomicin was administered
as a daily intravenous infusion over 30 minutes without the use of trough-based TDM; daily doses were
adjusted based on body weight and estimated CLcr as follows: CLcr of �60 ml/min, 15 mg/kg q24h; CLcr
of �50 to 60 ml/min, 12 mg/kg q24h; CLcr of �40 to 50 ml/min, 10 mg/kg q24h; and CLcr of �30 to
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40 ml/min, 8 mg/kg q24h. Plazomicin concentrations for each patient were available at 0.5 h prior to the
subsequent dose (trough) and at 1.5 h, 4 h, and 10 h after the start of infusion on study day 3 (�1 day). The
following patient characteristics were extracted from the EPIC data set and provided by Achaogen, Inc., to
the Center for Anti-Infective Research and Development for utilization during the analyses: age, sex, height,
total body weight (TBW), ideal body weight (IBW), date and time plazomicin doses were administered, CLcr
on day of plazomicin sample collection, and individual pharmacokinetic parameter estimates (i.e., clearance
[CL], volume of distribution [V], distribution CL of peripheral compartment 1 and 2 [CLD1, CLD2], volume of
peripheral compartment 1 and 2 [VP1 and VP2], and observed AUC0–24h. CLcr, available as the reported values
from individual study sites from the EPIC trial, was estimated with the Cockcroft-Gault formula using TBW or
IBW for patients with TBW greater than IBW by 25% or more. Additionally, nephrotoxicity (defined in the EPIC
trial as any rise in serum creatinine of �0.5 mg/dl above the baseline value at any time during the study,
including on and/or post-IV drug therapy) was also recorded.

Hartford nomogram application. A stepwise approach was utilized to identify a dose and dosing
interval for each individual simulation. As a first step, individuals were assigned a dose based on renal
function. In line with product labeling recommendations, a 15-mg/kg dose was selected for patients with
a baseline CLcr of �60 ml/min, and a 10-mg/kg dose was selected for patients with a CLcr of �60 ml/min.
The dose (mg) was calculated based on actual body weight unless the patient was obese (i.e., 25% over
IBW). If the patient was obese, adjusted body weight was utilized. As a second step, a daily or extended
dosing interval (i.e., q36h or q48h) was determined by application of the Hartford nomogram. Clinical
application of the Hartford nomogram is performed by obtaining a single random blood sample between
6 and 14 h after the start of an aminoglycoside infusion (7). The observed 10-h postdose plazomicin
concentration was plotted on the nomogram after application of a ratio based on the mg/kg dose
received (Equation 1):

PlotC � ObsC x

7�mg

kg �
dose�mg

kg �
(1)

where Plot C denotes concentration plotted on nomogram, ObsC is the observed plazomicin concen-
tration, and dose is the plazomicin dose received. The dosing intervals evaluated in the simulation, q36h
and q48h, were based on application of a patient’s observed 10-h concentration on the Hartford
nomogram. Concentration thresholds for extending the dose were at a corrected 10-h concentration as
follows: �4.8 �g/ml, eligible for q24h interval; 4.8 to 7 �g/ml, eligible for q36h interval; �7 �g/ml,
eligible for q48h interval.

Pharmacokinetic analyses. A three-compartment pharmacokinetic simulation was performed using
Crystal Ball (Oracle, Inc., Redwood Shores, CA), in which plazomicin concentrations were predicted for all
individual patients eligible for an extended dosing interval (q36h or q48h). Simulations were based on
(i) individual pharmacokinetic parameter estimates, (ii) a 15-mg/kg or 10-mg/kg dose (determined by
CLcr), and (iii) a nomogram-recommended dosing interval (based on the 10-h sampling concentration).
From these simulations, a trough (0.5 h prior to the subsequent dose) and interval-normalized AUC0 –24h

(nAUC) based on the dosing interval were determined. All AUC values were determined using the
trapezoidal rule. The nAUC for the simulated patients was defined as the AUC0 –24h for q24h-eligible
patients, AUC over the initial 36 h divided by 1.5 for q36h-eligible patients, and AUC over the initial 48 h
divided by 2 for q48h-eligible patients. As a measure of plazomicin exposure after Hartford nomogram
application, the proportion of patients within the AUC range was assessed by comparing nAUC with the
5th to 95th percentile AUC0 –24h values observed in the EPIC trial (121 to 368 �gml). To evaluate safety,
the proportion of patients with an observed or simulated trough of �3 �g/ml was evaluated, as this
threshold was associated with serum creatinine increases of �0.5 mg/dl in the EPIC trial.

Statistical analyses. Descriptive statistics were performed using Sigma Plot 14 (Systat Software, Inc.,
San Jose, CA). For categorical variables including the proportion of patients with a trough of �3 or
�3 �g/ml, analyses were performed using the �2 test or Fisher’s exact test. For continuous variables,
including nAUC and median trough concentrations, Student’s t test, analysis of variance (ANOVA), or
Mann Whitney Rank Sum test were utilized when appropriate. In each instance, a two-tailed test was
carried out, and a prespecified alpha level of 0.05 was used.
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