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Bacteriophage lysin CF-301 is a first-in-class antimicrobial

protein with hydrolytic enzymatic activity. CF-301, the first lysin to

enter US clinical trials, has concluded a First-in-Man Phase 1 trial

(0.04-0.4 mg/kg) in healthy volunteers (Cassino et al., 2016) and

is being developed for the treatment of S. aureus bacteremia and

endocarditis. CF-301 exhibits rapid S. aureus-specific

bacteriolysis, potent anti-biofilm activity, low propensity for

resistance and pronounced synergy with antibiotics (Schuch et

al., 2014). Videos illustrating lysin activity are as follows:

Here, the PK-PD of CF-301 against S. aureus was characterized

using the murine thigh-infection (MTI) model. Experiments were

performed to determine the PK-PD index most predictive of

efficacy. Additional experiments were performed to determine the

PK-PD index value required for maximal efficacy in the MTI

model. Index values were determined for CF-301 as a single-

agent, as well as for when CF-301 is administered in combination

with standard-of-care (SOC) antibiotics such as daptomycin. For

the combination experiments, sub-therapeutic antibiotic doses

were utilized allowing for the assessment of reduction of bacterial

burden attributable to CF-301.

INTRODUCTION

METHODS

In vitro activity tests. MIC and checkerboard assays were based

on CLSI methods using MHB or serum (mouse or human).

Methicillin-resistant and methicillin-sensitive S. aureus (MRSA

and MSSA, respectively) strain designations are indicated.

Mouse studies. Using the MTI model, BALB/c mice infected

with 1x106 CFU S. aureus CF860 were administered CF-301

divided into 1, 2, 3, or 4 doses over 24 h. Efficacy of CF-301 (1

to 60 mg/kg in 4 divided doses) was evaluated against 10

clinical S. aureus isolates (MIC range in mouse serum: 2-128

ug/mL) and a subset in the presence of sub-therapeutic 0.5-5

mg/kg daptomycin (DAP), 5-10 mg/kg vancomycin (VAN) or 0.5-

50 mg/kg oxacillin (OX), and various models were fit to the data.

Data Analysis. Change in log10 CFU at 24 hours was used as

the dependent variable in a regression analysis to examine the

predictive value of AUC/MIC ratio, Cmax/MIC ratio, %T>MIC, or

a combination of these indices, using 20 different models

ranging from linear to nonlinear. The most appropriate model

was selected by comparing the residual standard errors and the

shape parameters. .
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MIC assays performed using CF-301 in the

presence of MHB, mouse serum (MuS) or

human serum (HuS). MuS values used for all

PK-PD analyses.

Table 1 Summary of CF-301 PK Parameters 

from Phase 1 Study CF-301-101
RESULTS

CF-301 AUC/MIC Ratio Identified as the PK-PD Index 

Most Associated with Efficacy

• CF-301 in vivo activity in the MTI model does not 

decrease upon fractionation of a total dose over 24 

hrs indicating that Cmax/MIC is not the PK-PD index 

driving efficacy (Figure 1).

• The AUC/MIC index is the single strongest predictor of 

change in log10 CFU/g for CF-301 (Figure 2 and 

Table 3). The fit for %T>MIC has numerically similar 

RSE, but the range of %T>MIC is only 0-2% 

(indicating a non-robust and less meaningful index) in 

addition the changes in log10 CFU are more sensitive 

to AUC/MIC changes (as supported by higher shape 

parameter and lower EC50 for AUC/MIC parameter as 

shown in Figure 2). 

• An AUC/MIC ratio of 1.0 or greater is required for 

maximal efficacy (>3-log reduction from buffer-treated 

controls) when total drug is administered as a single 

agent over a 24-h period (Figure 3, left).

Combination with SOC antibiotics reduces the CF-

301 AUC/MIC Ratio Required for Maximal Efficacy

• An AUC/MIC value of ≥0.1 was required for maximal 

efficacy when CF-301 was administered with sub-

therapeutic DAP (Figure 3, right). Similar AUC/MIC 

values were required when CF-301 was administered 

with sub-therapeutic VAN or OX (not shown), and 

when CF-301 was tested against an in vivo biofilm 

model (not shown).

• AUC values of ≥1000 (hr x ng/ml), exceeded in 

Phase 1 human subjects administered 0.25 mg/kg 

(Table 1), support a conservative target AUC/MIC 

ratio of 0.5 required to kill S. aureus in combination 

with antibiotics for strains with MIC values in human 

sera of 0.5-2.0 mg/ml.

CONCLUSIONS

PK-PD characterization of CF-301 identified the

AUC/MIC ratio as the single strongest predictor of

efficacy in the MTI model. An additional lesser

component of T>MIC may be contributing as well. The

AUC/MIC ratio required for maximal efficacy as a

single agent was determined to be 1.0. In combination

with sub-therapeutic antibiotics (DAP, VAN or OX), the

CF-301 AUC/MIC ratio required for maximal efficacy

was reduced to 0.1-0.5. A conservative AUC/MIC ratio

of 0.5 will be selected to inform Target Attainment

studies utilizing population PK modeling to support

dose selection for the CF-301 Phase 2 clinical trial.

The 0.5 AUC/MIC ratio target is expected to be

exceeded in humans at CF-301 doses of 0.25 and 0.4

mg/kg. Additional studies incorporating population PK

analyses and simulation will further refine the targets

and evaluate optimal dosing regimens for CF-301.

Lysin Killing 

Bacteria

Lysin Mechanism 

of Action

Figure 2 Sigmoidal Model Fitting of CF-301 Dose Fractionation Data Indicates that AUC/MIC Ratio is PK-PD Index Most Predictive of Efficacy.

Strain 

Number

MHB MIC Mus MIC HuS MIC

CFS-256 8 8 0.5

CFS-294 32 16 0.5

CFS-311 16 8 1

CFS-653 8 16 1

CFS-860 64 16 2

CFS-958 64 32 0.5

CFS-968 16 16 1

CFS-988 32 128 0.5

CFS-1141 32 64 0.5

CFS-1262 2 2 0.5

Figure 1 CF-301 Retains Full Activity 

When Fractionated Indicating 

Cmax/MIC Does Not Drive Efficacy

CF-301 (1-90 mg/kg) in vivo activity was tested in the

MTI model against isolate CFS-860 (CAIRD#456), a

strain often used in the MTI model and the one

displaying the highest MIC in human serum. CF-301

was administered by i.v. injection via the indicated

dosing regimens over a 24 hr period.

PK parameters Cmax and AUC increased in

healthy volunteers in a dose-related, but less than

dose-proportional manner with no evidence of a

plateau in exposures (Cassino et al., 2016).

The relationship between AUC/MIC ratio (left), Cmax/MIC ratio (middle) and %Time>MIC (right), and the change in log10 CFU/g from pretreatment values 

was investigated. CF-301 total dose (0-60 mg/kg) was administered via 1, 2, 3 or 4 fractions over a 24 hour period against S. aureus isolate CFS-860 

(CAIRD#456). Each point represents mean values (n≥3). PK indices used for this analysis computed by population PK modeling. 

Table 2 CF-301 in vitro activity against 

S. aureus isolates tested in vivo

Figure 3 Sigmoidal Model Fitting of CF-301 Dose Fractionation Data Against Multiple 

S. aureus Isolates.

The AUC/MIC ratio associated with maximal efficacy (>3 log decrease in log10 CFU/g from

pretreatment values) was determined for CF-301 (0-15 mg/kg) (left) or CF-301 (0-5 mg/kg) in

combination with sub-therapeutic DAP (0.5 - 5 mg/kg depending on the strain) (right). CF-301 total

dose was administered via 4 fractions over a 24 hour period. MICs (derived in mouse serum) for the

various S. aureus strains tested ranged from 2-128 µg/ml. Each point represents mean values (n≥3).

CF-301 (mg/kg)

L
o

g
 C

F
U

/g
 t

h
ig

h

0 20 40 60 80 100
104

105

106

107

108

109

101 0
Single Dose

2 Fractions

3 Fractions

4 Fractions

Name Parameter Model RSE df ANOVA

Fit1 AUC/MIC Emax 0.534 26 *

Fit1L AUC/MIC Lin 0.707 28 p<0.001 vs Fit1

Fit2

AUC/MIC + 

Cmax/MIC Emax + exp 0.541 25 P=0.55 vs Fit1

Fit3 Cmax/MIC Emax 0.835 26 *

Fit3L Cmax/MIC Lin 1.148 28 >0.001 vs Fit3

Fit4

Cmax/MIC + 

AUC/MIC Emax + exp 0.763 25 P<0.001 vs Fit1

Fit5

Cmax/MIC + 

AUC/MIC

Emax + 

Emax NF

Fit6 TMIC Emax 0.538 26 **

Fit6L TMIC Lin 0.674 28

Fit7 TMIC exp 1.099 28

Fit8 AUC/MIC + TMIC Emax + exp 0.629 25

Fit9 AUC/MIC + TMIC Emax + Lin 0.483 25 p=0.02 vs Fit1 ***

* Residual standard error (RSE) analysis of best-fit models identified

AUC/MIC ratio as the single PK-PD index most predictive of CF-301 efficacy

in the neutropenic thigh infection model. RSE of 9 of 20 models analyzed are

displayed.

** TMIC alone has numerically comparable fit to AUC/MIC, but changes in

CFU are more sensitive to change in AUC/MIC than TMIC (see lower EC50

and higher shape parameter for AUC/MIC in Figure 2).

*** TMIC has additional predictive value when added to AUC/MIC ratio but

AUC/MIC ratio remains the singlr strongest predictor of CF-301 efficacy.

Note: TMIC is % time above MIC over 24-h period.

Table 3 Statistical Analysis of Best-Fit Model to

Determine PK-PD Driver of Efficacy.

Summary of PK Parameters for CF-301

Parameter*
0.04 mg/kg

n=4

0.12 mg/kg 

n=4

0.25 mg/kg 

n=4

0.4 mg/kg 

n=1

Cmax (ng/mL) 205 (14.2) 489 (16.1) 731 (25.4) 1,212

AUC(0-t)

(hr×ng/mL)
498 (12.8) 1,121 (16.0) 1,749 (25.0) 3,311

AUC(0-inf) 

(hr×ng/mL)
503 (12.6) 1,126 (16.0) 1,758 (24.8) 3,316

t1/2 (hr) 6.58 (52.6) 4.37 (6.79) 6.05 (64.9) 11.3

*Geometric mean (geometric CV) 

EC50 = 0.46

Shape parameter = 4.4

EC50 = 3

Shape parameter = 2.0
EC50 = 0.58

Shape parameter = 2.0

CF-301 in the Presence of DaptomycinCFU and AUC/MIC Relationship for CF-301


