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Objectives: The standard of care (SOC) for the treatment of pulmonary Mycobacterium avium complex (MAC)
disease (clarithromycin, rifabutin, and ethambutol) achieves sustained sputum conversion rates of only 54%.
Thus, new treatments should be prioritized.

Methods: We identified the omadacycline MIC against one laboratory MAC strain and calculated drug half life in
solution, which we compared with measured MAC doubling times. Next, we performed an omadacycline hollow
fibre system model of intracellular MAC (HFS-MAC) exposure-effect study, as well as the three-drug SOC, using
pharmacokinetics achieved in patient lung lesions. Data was analysed using bacterial kill slopes (y-slopes) and
inhibitory sigmoid Eqx bacterial burden versus exposure analyses. Monte Carlo experiments (MCE) were used to
identify the optimal omadacycline clinical dose.

Results: Omadacycline concentration declined in solution with a half-life of 27.7 h versus a MAC doubling time of
16.3 h, leading to artefactually high MICs. Exposures mediating 80% of maximal effect changed up to 8-fold
depending on sampling day with bacterial burden versus exposure analyses, while y-slope-based analyses
gave a single robust estimate. The highest omadacycline monotherapy y-slope was —0.114 (95% CI: —0.141
to —0.087) (r*=0.98) versus —0.114 (95% CI: —0.133 to —0.094) (r*=0.99) with the SOC. MCEs demonstrated
that 450 mg of omadacycline given orally on the first 2 days followed by 300 mg daily would achieve the
AUCo.»4 target of 39.67 mg-h/L.

Conclusions: Omadacycline may be a potential treatment option for pulmonary MAC, possibly as a back-bone

treatment for a new MAC regimen and warrants future study in treatment of this disease.

Introduction

The currently recommended standard of care (SOC) for pulmon-
ary Mycobacterium avium complex (MAC), which consists of a
combination of a macrolide, rifamycin, and ethambutol, achieves
sustained sputum conversion rates of only 54% at 6 months.*?
Moreover, the median therapy duration is 18 months; at dura-
tions longer than 12 months the sputum conversion rates fall
steadily at 1% per month.>? Furthermore, across published co-
horts, up to 70% of all treated patients reported a
treatment-related adverse event and 30%-70% of patients re-
ceiving daily antimicrobial treatment permanently discontinued

at least one drug in their initial regimen because of adverse
events.® This is reflected by patients’ disgruntlement: patients’
most important concerns with SOC are the high rate of adverse
events, the long duration of therapy, and poor infection eradica-
tion rates. They often view treatment as being worse than the
disease itself.® Several years ago, one of us (T.G.) received a sad
e-mail from a patient from California who had read our papers
on repurposed antibiotics.” ! She stated that given intolerance
to the SOC, she would likely be dead by the time new therapies
that are more tolerable were found. This illustrated a pressing is-
sue in the minds and lives of patients. New drugs that have a high
efficacy [defined here as maximal kill (Enqx) based on colony
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forming units per mL (cfu/mL)] in pulmonary MAC, at doses easily
tolerated by patients, are an emergency necessity. Recent
searches have revealed that B-lactams, oxazolidinones, and
next generation tetracyclines, first tested in the hollow fibre sys-
tem model of pulmonary intracellular MAC (HFS-MAC), could play
such a role.”** The pathological features of the disease that af-
fect drug choice include: (i) pulmonary nodules and/or cavities as
barriers; (i) intracellular MAC in monocyte-lineage cells in alveoli
and infected multinucleated giant cells in necrotic lesions; and
(i) a median MAC burden (range) of 1.5 x 10° (1.7 x 10%-1.6 x
10°) cfu/mL in cavitary lesions versus 1.0 x 10° (3.0 x 10%-7.1 x
103) cfu/mL for nodular/bronchiectasis lesions.>>'® This means
that to be effective, new therapies must have: (i) high intrapul-
monary/intralesional penetration ratios; (i) high intracellular
penetration; and (iii) achieve a target profile efficacy >10° cfu/
mL kill in cavitary lesions and >10* cfu/mL killin nodular/bronchi-
ectasis lesions.

Omadacycline is a tetracycline with an aminomethy!l group at
the C9 position, which overcomes microbial ribosomal protection
proteins and efflux pump resistance mechanisms.'*"¢ It has
been approved for the treatment of community-acquired bacter-
ial pneumonia and acute bacterial skin and skin structure infec-
tions, and has both oral and intravenous formulations.!’
Omadacycline may have fewer adverse events than other tetra-
cyclines such as tigecycline, based on limited early data.*® Here
we wanted to identify the omadacycline potency (defined as
concentration or exposure mediating 50% of Eqpgx OF ECso).*?
There have been a few studies on omadacycline MICs for MAC,
with one study showing poor activity.?° On the other hand, oma-
dacycline achieves higher epithelial lining fluid (ELF) concentra-
tions than other tetracyclines: the 0-24h area under the
concentration-time curve (AUCo.,4) after 100 mg/day of omada-
cycline was 17.23 mg-h/L versus 6.32 mg-h/L for standard dose
tigecycline.?’ The omadacycline penetration into alveolar macro-
phages versus plasma was 25.8-fold.”! Here, we tested the sta-
bility of omadacycline and determined MAC MICs in parallel,
followed by exposure-effect studies in the intracellular
HFS-MAC, in which we compared monotherapy effect to that of
SOC. Moreover, data was also modelled using novel y-slopes, fur-
ther described in the Methods section.?? 2

Materials and methods

Materials and cell lines

A full description of materials and cell lines and their catalogue numbers
is available as Supplementary data at JAC Online.

Omadacycline MICs and omadacycline stability

The Praedicare standard operating procedure and quality control steps
for broth microdilution assays, based on the CLSI, were used to identify
the omadacycline MIC.%> We also examined the stability of omadacycline.
Details of methods used for MIC determination, omadacycline stability,
and drug concentrations, are shown in Supplementary data and Tables
S1,S2 and S3.

HFS-MAC studies

The HFS-MAC construction has been previously described in detail in the
past.?’"11:26-28 I prief, MAC was grown in log phase to reach a bacterial

density of approximately 10® log; o cfu/mL. Next, THP-1 cells were infected
overnight at a multiplicity of infection of 1:10, washed to remove extracel-
lular bacteria, and 20 mL inoculated to the peripheral compartment of
each HFS-MAC with RPMI 1640 plus 2% fetal bovine serum (FBS) circulat-
ing. The targeted bacterial burden was ~5 logyo cfu/mL on day 0. Drug
treatment for HFS-MAC started 24 h later. There were two HFS-MAC
replicates for each dose/condition. Omadacycline intrapulmonary
pharmacokinetics of Gotfried et al.* were used. The concentration-time
profiles achieved were examined in the HFS-MAC using a half-life of 16 h
and oral dosing pharmacokinetics. The exposures used in the dose-effect
study are shown in Table 1. The SOC of rifabutin plus clarithromycin plus
ethambutol was based on the following intrapulmonary pharmacokinetic
assumptions: (i) clarithromycin 1000 mg/day AUCo-4 of 60 mg-h/L and
Cmax Of 8 mg/L; (ii) rifabutin 300 mg/day Cmex Of 0.15mg/L and an
AUCo.2,4 of 1.5 mg-h/mL based on equivalence of lesion penetration which
we measured for rifampicin; and (iii) the ethambutol concentrations we
measured inside tuberculosis lung cavities of 39 mg-h/L and Crax
4.0 mg/L.?%733 Peripheral compartment sampling for bacterial burden
was performed ondays 3,5, 7,10, 14,21 and 28, and cultures were spread
on Middlebrook 7H10 agar with 10% OADC. Omadacycline-resistant bur-
den on the same day was established by the same cultures on agar sup-
plemented with 3 xMIC of omadacycline. The central compartment
sampling was performed at nine timepoints over the first 48 h, pre-dose,
then 1, 8, 16, 23.5, 25, 32, 40 and 47.5 h after first dose, and a peak and
trough every time bacteria were sampled (i.e. 23 timepoints).

Pharmacokinetics/pharmacodynamics analyses

Drug concentration-time profiles in the HFS-MAC were analysed using
ADAPT 5 software,** as described in detail in Supplementary data. First,
we analysed the total bacterial burden (logyo cfu/mL) in each HFS-MAC
on each sampling day using an inhibitory sigmoid Enqx model:

Effect(logocfu/mL) = Econ—Emax x EC"/(EC* + ECE)) (1)

where E.on is bacterial burden in non-treated controls, Eqqx is maximal ef-
fect or kill as defined earlier, H is the Hill slope, EC is exposure (either
AUCq.p4 or AUCo-24/MIC), and ECso is the exposure mediating 50%
of Emax- This is defined here as the ‘traditional’ pharmacokinetics/
pharmacodynamics approach (traditional here means long-established),
and which we have also used in the past for HFS-MAC.1%3°

Next, we introduced a new form pharmacodynamic outcome. We de-
rived and have used a system of ordinary differential equations (ODE) to
estimate bacterial decline in the HFS model for tuberculosis (HFS-TB)
which was followed by application of the same ODEs in patients sputa,
since trajectories of bacterial clearance are neither linear nor monotonic
nor simple exponential kill slopes.?>?* For the same reasons, the ODE
were then applied to another slow-growing mycobacteria (SGM),
Mycobacterium kansasii.?>~2* Similarly, in the past at Praedicare we
have noticed that MAC trajectories on therapy are neither linear nor
monotonic, and will hereby use the same form of the ODE. The MAC
grow and are killed by chemotherapy as described by the ODE:

dB B
a - ( Konox

) W )

where r and y are bacterial growth rate and kill rate in untreated controls
and treated HFS-MAC, respectively, B is MAC bacterial burden in logq cfu/
mL and the HFS-MAC carrying capacity K=1—-B/Kmax, While time (t) on
treatment is in days. This model does not presuppose a pattern of kill (lin-
ear or monotonic or otherwise) and is integrative of different sampling
time-points. Equation 2 was custom fitted to the omadacycline-treated
experimental HFS-MAC and untreated control data, with initial conditions
derived from the model fit and carrying capacity. In Monte Carlo
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Table 1. Omadacycline HFS-MAC target versus achieved intrapulmonary concentrations using non-compartmental analyses (NCA)

Dosing Target Crnax Target AUCq.24 NCA-based Crmax (Mg/L) NCA-based AUCq-24 (Mg-h/L) First 24 h AUC/MIC
Regimen frequency (mg/L) (mg-h/L) achieved first 24 h achieved first 24 h achieved
1 Daily 0.0 0.0 0 0 0.00
2 Daily 0.5 4.29 0.28 4.57 1.14
3 Daily 1.0 8.58 1.17 15.42 3.86
4 Daily 2.0 17.15 3.15 47.08 11.77
5 Daily 4.0 34.3 3.86 60.08 15.02
6 Daily 8.0 68.6 8.40 125.95 31.49
7 Daily 16.0 137.2 17.96 158.20 39.55
8 Daily 32.0 2744 34.46 367.51 91.88
10 +S0OC Daily 3.0 25.76 2.20 21.54 5.39

SOC, standard of care.

Experiments (MCE), stochasticity and random fluctuations in population
sizes that occur with low bacterial populations were accounted for
when we estimated time-to-extinction (TTE) for each therapy regimen.
TTE was defined exactly as derived for HFS-TB, as time to achieve a
MAC burden of 1072 cfu/mL.*?

MCE for dose selection

Steps in MCE for dose selection are described in detail in Supplementary
Methods. Published population pharmacokinetic parameters and ELF
concentrations identified by others were used.?3637

Results

MIC results and drug stability in solution

Figure 1(a) shows the broth microdilution MIC readout for oma-
dacycline and clarithromycin QC, in Middlebrook 7H9 broth.
There was a ‘trailing effect’ for the omadacycline MIC, with an
MIC of 16 mg/L. Figure 1(b) shows that when the cultures were
grown on agar for cfu/mL counts, and MICs were read as the low-
est concentration associated with a bacterial burden below that
on day 0 with and without an inhibitory sigmoid E,qx-based re-
gression line, the clarithromycin MIC remained at 0.25 mg/L,
similar to the naked eye readout. Using these same criteria, the
omadacycline MIC in Figure 1(b) was read as 4.0 mg/L. One pos-
sible explanation for the trailing effect could be rapid omadacy-
cline degradation in the face of slow-growing mycobacteria,
with a doubling time of similar magnitude to drug degradation.
Thus, we calculated the MAC doubling time during the MIC study
and identified a doubling time of 16.3 h (95% CI: 10.9-105.1),
based on the exponential growth model (r*=0.98) of untreated
controls from day O to day 7. Next, we repeated the MIC study
using cation-adjusted Muller Hinton broth, and identified an
MIC of >64 mg/L.

The omadacycline concentration-time profiles in  the
HFS-MAC, based on a solution prepared on day 1 (injected daily),
are shown in Figure 1(c). The omadacycline concentrations suc-
cessively dropped over time. AUC is a measure of the total
amount of drug over a dosing interval (24 h in this case) and is
shown in Figure 1(d). The omadacycline AUCs fell in an exponen-
tial fashion with time, with a half-life of 27.7 h (95% CI: 20.0-
40.5; r’>0.99), in the same range as doubling time of MAC.

Based on this, for subsequent HFS-MAC studies, we made the
drug fresh for each day of infusion.

Drug concentrations and pharmacokinetics measured in
the HFS-MAC

Since bacteria respond to actual drug concentrations achieved
(and not to the intended drug concentrations), we measured
omadacycline concentrations over 31 days. Drug concentrations
were measured within 24 h of the HFS-MAC experiments with re-
sults shown in Figure 2(a) and in Table 1. Results shown in Table 1
calculate to an overestimation bias of the observed versus in-
tended AUCq.24 of 33% (95% CI: —16% to 83%) and Cax Of
5% (95% CI: —27% to 17%); since 95% CI crosses zero the bias
was statistically insignificant. This means that the strategy of
making fresh doses each day worked. Compartmental pharma-
cokinetic analyses using a population pharmacokinetic approach
demonstrated that a one-compartment model best described
the HFS-MAC data. The mean pharmacokinetic parameter esti-
mates + SD were a clearance of 7.501 + 8.07 x 103 L/h, volume
0.135 4+ 0.112 L, and thus a half-life of 14.39 + 3.39 h. The model
predicted versus observed concentrations are shown in
Figure 2(b). The pharmacokinetic model concentration-time pro-
files are broken into four 7 day intervals, which shows build up to
steady-state (Figure 2c-f).

Time-kill curves for different doses and regimens

Changes in THP-1 counts are shown in Figure S1, and could be ac-
counted for by several processes.*® Figure 3(a) shows time-kill
curve for all regimens, including the three-drug SOC and SOC
plus omadacycline at an AUCq.,4 of 21.5 mg-h/L. Figure 3(a)
shows that the highest omadacycline exposure killed ~5.0
logs0 cfu/mL as monotherapy and matched the kill of the three-
drug combination SOC. Thus, despite the signal of a high MIC,
omadacycline achieved high efficacy. Second, regimen 2 (R2)
which has an AUC/MIC ratio of ~1.0, killed about 2.0 logyo cfu/
mL below day 0; this observed killing would not be possible unless
the MIC is artefactually high. Resistance data is shown in online
Supplementary data and Figure S2.
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Figure 1. MICs and omadacycline stability. (a) Visual inspection of plates demonstrates omadacycline trailing effect and an MIC of 16 mg/L. (b) The
wells were cultured for colony forming units and results modelled using inhibitory sigmoid Emqex model. The lowest concentration associated with a
bacterial burden below that on day 0, which corresponded with clarithromycin MIC, was used to read the omadacycline MIC. Since the x-axis is a
log-scale, and log 0 does not exist (or is undefined), the lowest concentration shown is at 0.0625 mg/L and not 0 mg/L. (c) Decline in omadacycline
concentration with time when infused from the same solution in a syringe. (d) The drug AUC decline followed an exponential decline model. This figure
appears in colour in the online version of JAC and in black and white in the print version of JAC.
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Figure 2. Drug pharmacokinetics achieved in the HFS-MAC, equivalent to site of infection. (a) Non-compartmental pharmacokinetic analysis of
omadacycline concentrations measured in each HFS-MAC unit. Because of the dynamic range, the concentrations are shown as ng/mL. The last dose
was given on day 28, and then allowed to decline. (b) Compartmental pharmacokinetic model predicted versus observed concentrations [r’=0.84].
(c to f) The lines show the mean concentration and shaded areas 95% CIs for a compartmental pharmacokinetic model where each HFS-MAC unit
was taken as a patient in a population. This figure appears in colour in the online version of JAC and in black and white in the print version of JAC.

Modelling the pharmacodynamic effects of each
exposure using y-slopes

Next, we modelled individual bacterial burden trajectories in the
HFS-MAC using equation 2, with results shown in Table 2 and
Figure S3. In addition, this approach integrates both the drug-
susceptible bacterial population as well as drug-resistant subpo-
pulation. In Table 2 for non-treated controls, r, the growth rate, is
shown in place of y-slope. All the omadacycline exposures
achieved in the HFS-MAC killed MAC below day 0 and exhibited
exposure-dependent y-slope and TTE in the HFS-MAC. The high-
est omadacycline exposure had both y-slope and TTE values
identical to the three-drug SOC. On the other hand, adding oma-
dacycline to SOC did not significantly improve the y-kill slope
[mean difference 0.02 (95% CI: —0.01 to 0.05), P=0.132] in
this one isolate.

Pharmacokinetics/pharmacodynamics modelling using
traditional approaches versus y-slopes and TTE

Inhibitory sigmoid E,qx model parameter estimates for AUCq.24/
MIC versus bacterial burden (equation 1) on each sampling day
are shown in Figure 4(a) and Table 3; for week 1 we used
AUCo.24 from day 1, while the rest of the weeks used steady-state
AUCs in Figure 3(d-f) to calculate the AUC/MIC ratio. Table 3 shows
that, as expected, the Econ and Eqgx Will change with sampling
time-point; however, so did the ECsg and ECgo. Another important
pharmacokinetics/pharmacodynamics parameter that is often
examined, especially to allow comparisons of the effect of differ-
ent compounds is microbial kill below day 0 or stasis, with micro-
bial kill of >2.0 log; cfu/mL indicating ‘cidal’ activity. Inhibitory
sigmoid Enqx Model parameter estimates for AUCq.»4/MIC versus
microbial kill below stasis are shown in Figure 4(b) and Table 3.
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Figure 3. Change of MAC burden with treatment in the HFS-MAC. Symbols show the mean cfu per mL and error bars are standard deviation. Particularly
interesting is using the three-drug standard of care (SOC) as the context, and that high dose monotherapy has efficacy that equals that of SOC. This
figure appears in colour in the online version of JAC and in black and white in the print version of JAC.

Besides the poor model convergence, hence a lot of imprecise
pharmacokinetics/pharmacodynamics parameter estimates, it
can be seen from Figure 4(b) that all exposures except one
achieved microbial kill of >2.0 log;o cfu/mL. However, each one
achieved that target on different sampling days. Moreover, the
ECso derived differed dramatically from those in Figure 4(a).
Several questions arise from Figures 4(a,b) and Table 3, and the
fact that MAC is a slow-growing mycobacteria (SGM) treated
over long durations of therapy. (i) Which sampling day should
be used for pharmacokinetics/pharmacodynamics parameter va-
lues such as ECsg and ECgg, potency parameter values used for op-
timal dose selection, since these vary with time during repetitive
sampling by over 800%? (ii) Which microbial kill parameter
(bacterial burden or kill below stasis) should be used to define

potency? (i) When, during the 28 day repetitive sampling,
should the exposure associated with >2.0log cfu/mL be calcu-
lated, since it changes by sampling day? Our solution is use of
y-slopes.

Since our y-slope is integrative of bacterial burden changes
with time upon repetitive sampling and incorporates both
omadacycline-susceptible and omadacycline-resistant bacterial
burden trajectories, we analysed exposure versus y-slope using
a pharmacokinetic-model-derived AUCq-24, With results shown
in Figure 4(c). Thus, all results were described by one inhibitory
sigmoid Eqx model for all 320 samples/observations, and a sin-
gle ECsg AUCg_24 of 30.15 4 37.6 mg-h/L which translates to an
AUCq.24/MIC of 7.53. This exposure mediates a y-slope able to
kill >2.0 logso cfu/mL in about 34 days as monotherapy.

Table 2. Omadacycline and combination regimen based y-slopes and time-to-extinction in the HFS-MAC

Time-to-extinction,

Number of observations B, initial bacterial load months Adjusted

Regimens from HFS replicates (95% CI) y-Kill slope (95% CI) (95% credible intervals) R?

R1 16 4,224 (3.704-4.744) 0.065 (0.046-0.083) None 0.991
R2 16 4,366 (3.954-4.778) —0.034 (—0.048 to —0.020) 9.20 (6.13-13.44) 0.984
R3 16 4.303 (3.821-4.785) —0.027 (—0.043 to —0.012) 12.72 (7.31-21.00) 0.978
R4 16 4.349 (3.882-4.817) —0.043 (—0.059 to —0.027) 7.01 (4.37-10.36) 0.978
R5 16 4,105 (3.635-4.576) —0.046 (—0.063 to —0.028) 6.45 (4.19-9.98) 0.975
R6 16 3.973 (3.438-4.508) —0.046 (—0.067 to —0.026) 6.22 (4.10-9.27) 0.966
R7 16 4.212 (3.756-4.668) —0.078 (—0.101 to —0.055) 2.83(2.19-4.10) 0.978
R8 16 4.401 (3.939-4.862) —0.114 (—0.141 to —0.087) 2.57 (2.10-3.05) 0.976
R9 (SOQ) 16 4.689 (4.345-5.032) —0.114 (—0.133 to —0.094) 2.60 (2.30-2.96) 0.988
R10 (SOC+ 16 4.472 (4.006-4.939) —0.091 (-0.115 to —0.068) 3.28 (2.64-4.37) 0.977

omadacycline)

r, the growth rate, was used instead of y-kill slopes for the untreated control arm.
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Figure

pharmacodynamics approaches for omadacycline. (a and b) Symbols

are mean log;o cfu/mL and error bars are standard deviation; on days 3
and 7 the datapoints for the higher AUC MIC exposures were automatic-
ally eliminated by the program as outliers. Three important findings are

the change of Emax, ECso, and Econ With each sampling day. Particularly,
in (b), the 2.0 logyo cfu/mL kill is achieved at different exposures depend-

ing on sampling day and the exposure value varies almost 50-fold de-

pending on which day is used for the regression. (c) The error bars

show the 95% CI. In the y-slope-base pharmacokinetics/pharmaco-

dynamics modelling, a single equation and single set of parameter esti-

mates summarized all data points. This figure appears in colour in the
online version of JAC and in black and white in the print version of JAC.
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Table 4. Monte Carlo simulation population pharmacokinetic parameters
in 10000 subjects

In subroutine Observed in 10000

PRIOR subjects
Median Median
parameter parameter
Parameter estimate  %CV  estimate  %CV
Clearance (L/h) 10.3 22.3 10.31 22.40
Central volume (L) 21.1 94.1 21.04 95.28
Distributional clearance 101.0 65.0 100.70 65.54
P1 (L/h)
Peripheral Volume 1 (L) 79.9 27.9 79.74  26.96
Distributional clearance 21.3 40 21.35 40.06
P2 (L/h) [fixed]
Peripheral Volume 2 (L) 129.0 27.5 129.10  24.40

Monte Carlo experiments

MCE were performed for the dose of 450 mg a day for 2 days, fol-
lowed by 300 mg daily, administered to 10000 patients to
achieve the AUCq.,4/MIC ratio of 9.92 + 10.28 or AUCq.p, of
39.67 mg-h/L. The population pharmacokinetic parameter esti-
mates, and variance outputs are compared with those used in
the domain of input in Table 4, as part of the internal model val-
idation step. The concentration-time profiles over 1 week (until
steady-state) for these doses were as shown in Figure 5(a).
When the doses were tested based on the AUCp.y,=
39.67 mg-h/L target, the probability of target attainment (PTA)
was 99.61%. When the AUC/MIC target was used, the PTA at
each MIC was as shown in Figure 5(b), which shows good target
attainment until an MIC >8 mg/L even when two assumptions of
drug penetration into the lung were used. However, because
of the imprecision of current MIC assays, and since the
omadacycline MIC distribution in MAC is unknown, the AUC/
MIC-based PTAs should be interpreted with caution.

Discussion

Omadacycline MICs for rapidly growing mycobacteria (RGMs)
have an MICsq value of 0.004-0.12 mg/L, after 3 days of incuba-
tion, which suggests good potency.?%3° On the other hand, for
SGM, including MAC strains, the MICso values were >16 mg/L
after 7-8 days incubation.?® Our first major finding is that these
high MICs could be a reflection of the mismatch between omada-
cycline degradation rate in solution versus the slow doubling time
of SGM, whereas RGMs, with much shorter doubling times, are ex-
posed to higher concentrations in the first 48 h. This suggests
that in the case of SGM, omadacycline MICs could be unreliable
tests of potency.“® This means that newer methods of suscepti-
bility assays for omadacycline effect against SGM need to be de-
veloped. Until then, correct AUC/MIC exposure ratios cannot be
reliably calculated.

Second, when omadacycline solution was prepared fresh each
day and administered into the HFS-MAC, it demonstrated consid-
erable potency and efficacy. The MCE predicted that the standard

clinical doses of oral omadacycline of 450 mg a day for 2 days,
followed by 300 mg daily, would be bactericidal in the treatment
of pulmonary MAC. In Table 5, we compared the microbial kill be-
low stasis of all drugs tested in the HFS-MAC that have been pub-
lished. Table 5 shows that omadacycline is the most efficacious
drug published to date in this model. We propose the next steps
as identification of a second drug that can be either additive or
synergistic with omadacycline, and can also kill at least 2 logso
cfu/mL, creating a backbone that can kill at least 4.0 logsq cfu/
mL at doses tolerable to patients. Rifamycins (rifabutin, rifapen-
tine), associated with >2 logyo cfu/mL kill, as depicted in
Table 5, and shown to have concentration-dependent additivity
with other tetracyclines in treatment of different infections,
even in the setting of biofilm,*~** are potential companion drugs
for omadacycline, especially when rifamycin doses are optimized
for the combination. A third agent, preferably dose-optimized for
additivity or synergy with both omadacycline and the rifamycin,
at doses easily tolerated by patients, can then be added. This ap-
proach possibly makes omadacycline the backbone of a new
regimen to treat MAC, whose y-slopes and TTE can then be com-
pared with the SOC in in vivo models and clinical trials.

Third, traditional  pharmacokinetics/pharmacodynamics
approaches to identifying the pharmacokinetics/
pharmacodynamics drivers and optimal exposures were devel-
oped as an extension of work with rapidly growing
Gram-positive cocci and Gram-negative bacilli, which have doub-
ling times of about 20 min.?>***> Such experiments last only a
day to a few days and provide unequivocal pharmacokinetics/
pharmacodynamics exposures, in a reproducible fashion. In
SGM, the bacterial doubling time is often in the same range as
the dosing interval of 24 h, and treatment duration lasts months.
Inthe HFS-MAC, as in patients, repetitive sampling from the same
units is the norm, which results in multiple opportunities to ex-
plore pharmacokinetics/pharmacodynamics relationships. This
presents a problem with SGM since the pharmacokinetics/
pharmacodynamics driver and potency could shift with therapy
duration, as do decisions for synergy or antagonism in combin-
ation therapy.“®~*° In addition, the pharmacokinetics/pharmaco-
dynamics drivers and exposures often differ between resistance
emergence and microbial kill. Therefore, we have developed inte-
grative models that take into account all these factors, and are
summarized using the y-slope and TTE in patients and the
HFS.23:2432.20.51 These newly proposed pharmacodynamic out-
comes are tractable, and have the virtue of being applicable to
both monotherapy and combination therapies, making them
ideal tools for building combination therapies. Moreover, we
have mapped these between patients and the HFS, allowing us
to translate findings in the HFS to the expected patient rates of
change of bacterial burden and time to relapse-free
CUre.23’24’32’50'51

There are several limitations to our study. First, we used the la-
boratory ATCC strain of MAG; different clinical isolates show differ-
ent responses to monotherapy and combination therapy
compared with the ATCC strain, while some show the same re-
sponses as that strain. Thus, our omadacycline exposures require
further generalization across different clinical isolates. Second,
even though we combined a single dose of omadacycline with
the SOC, a more factorial design that explores several different
doses of omadacycline would be required since additivity, or
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Figure 5. Monte Carlo experiments in 10000 subjects treated with standard dose omadacycline. (a) Symbols are mean concentrations and shaded
area is the 95% CI. Concentration-time profiles in the first week are shown for serum and in the lung. (b) Target attainment probability for 10000 pa-
tients showing proportion of patients who achieve target AUC/MIC exposures under two different drug penetration criteria. This figure appears in colour
in the online version of JAC and in black and white in the print version of JAC.

synergy, or antagonism, are concentration-dependent. Third,
a recent HFS-MAC study by Ruth et al.>? also examined the effi-
cacy of a three-drug combination (azithromycin/rifampicin/
ethambutol) SOC against MAC pulmonary disease in HFS-MAC
and concluded that the current regimen against MAC was inef-
fective; indeed we also demonstrated similar poor effectiveness
with azithromycin-containing SOC a few years earlier.® In mul-
tiple HFS-MAC studies with up to 10 pulmonary MAC clinical iso-
lates that used intra-cavitary AUCs (rifabutin, ethambutol) plus

clarithromycin ELF concentrations demonstrated that this regi-
men worked in half the isolates, consistent with our findings
here, and consistent with response in our patients on the cla-
rithromycin/ethambutol/rifabutin SOC, but not in a one-to-one
fashion (manuscripts in preparation). Fourth, it goes without say-
ing that no pre-clinical model (mouse, HFS) translates
one-to-one with patients’ responses; indeed, that is why we em-
ploy morphism mapping for translation.?*"%* In fact, all preclinic-
al models (HFS, mouse, macaque, etc) are ‘liars’, but some
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Table 5. Comparing the efficacy of omadacycline with those of other drugs in the HFS-MAC

Kill below stasis (logo cfu/mL)

Comment

Drug Ernax (logyo cfu/mlL) at maximal effect
Azithromycin®’ 2.11 0.60
Ethambutol®* 0.79 -
Moxifloxacin®® 3.03 3.00
Linezolid® 2.10 1.06
Tedizolid® 3.78 2.07
Ceftazidime/avibactam’ 2.71 2.44
Rifabutin®® 4.29 3.59
Rifampicin®® 2.69 2.68
Rifapentine®® 3.14 3.03
Minocycline®? 7.29 3.60
Omadacycline [current] 8.41 4.86

High dose required to achieve Emqy.”>

Bacterial burden does not decrease below day O value.
MICs for clinical isolates too high to be useful.>®

Poorly tolerated by patients.

Tolerability in long therapy duration unknown.

Short half-life; requires frequent dosing per day.
Potential combination; good intracellular penetration.
Potential combination; poor intralesional penetration.
Potential combination.

Microbial ribosomal protection proteins and efflux pumps.
Referent.

contain enough truth that can be quantitatively translated to the
clinic. That is why we caution clinicians to not directly extrapolate
current omadacycline data till clinical trials demonstrate the
same.
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