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mOsm/kg. The internal solution contained (in mM): 92 CsF, 55 CsCl, 2 MgCl2, 5 EGTA, 5 

HEPES, 1 MgATP, pH 7.2, 298 mOsm/kg. The osmolarity of the buffer was adjusted by the 

addition of sucrose as required. 

The Cav1.2 current was elicited by a voltage step to 0 mV for 150 ms from a holding potential of 

-40 mV. Voltage steps were repeated at 0.05 Hz, and Cav1.2 amplitude was measured as the 

peak current at 0 mV. For the Nav1.5 current, from an initial holding potential of -80 mV, a 200 

ms prepulse to -120 mV was used to homogenize channel inactivation, followed by a 40 ms step 

to a test potential of -15 mV. Membrane potential was further depolarized to +40 mV for 200 ms 

to completely inactivate the peak Nav1.5 current, followed by a ramp from +40 mV to -80 mV (-

1.2 mV.ms). This voltage pattern was repeated at 0.2 Hz, with the Nav1.5 peak current defined 

as the maximum current during the step to -15 mV. All studies were conducted at 23°C. 

Compounds were initially dissolved and diluted in DMSO, with a final dilution by the 

addition of external solution to generate final working concentrations. The final DMSO 

concentration in all experiments was 0.33% (v/v). Three vehicle periods each lasting 5 minutes 

were applied to establish a stable baseline, each well followed by the addition of increasing 

concentrations of test compound, with each exposure lasting 5 minutes. Patch clamp data were 

analyzed using Assay Software (Version 6.4.72; Sophion Bioscience A/S, Ballerup, Denmark). 

Current amplitudes were determined by averaging the last 4 currents under each test condition. 

The percent inhibition of each compound was determined by taking the ratio of current 

amplitude measured in the presence of various concentrations of the test compound 

(ICompound) versus the vehicle control current (IVehicle):    

% Inhibition = [1-(ICompound/IVehicle)] * 100%. 

A dose-response curve was generated IC50 value defined for each compound by fitting the 

data to a four-parameter logistical equation using the Sophion Analyzer software. The minimum 

response and slope were free fitted and maximum response was fixed to 100%. 

 

Phosphodiesterase Assays 

The phosphodiesterase (PDE) assays measure the conversion of 3’, 5’-[3H] cAMP to 5’-[3H] 

AMP (for PDE 3A1 and 4D3) or 3’, 5’-[3H] cGMP to 5’-[3H] GMP (for 5A1) by the relevant 

PDE enzyme subtype. Yttrium silicate (YSi) scintillation proximity (SPA) beads bind selectively 

to 5’-[3H] AMP or 5’-[3H] GMP, with the magnitude of radioactive counts being directly related 

to PDE enzymatic activity. The assay was performed in white walled opaque bottom 384-well 

plates. Test compound (1 l) in dimethyl sulfoxide was added to each well. Enzyme solution was 

then added to each well in buffer (in mM: Trizma, 50 (pH7.5); MgCl2, 1.3 mM) containing Brij 

35 (0.01% (v/v)). Subsequently, 20 µl of 3’,5’-[3H] cGMP (125 nM) or 20 µl of 3’,5’-[3H] 

cAMP (50 nM) was added to each well to start the reaction and the plate was incubated for 30 

min at 25 oC. The reaction was terminated by the addition of 20 µl of PDE YSi SPA beads 

(Perkin Elmer, Waltham, MA). Following an additional 8 hour incubation period the plates were 

read on a MicroBeta radioactive plate counter (Perkin Elmer, Waltham, MA, USA) to determine 

radioactive counts per well. 

 

Bromodomain-Containing Protein 4 (BRD4) Binding Assay  

The BRD4 fluorescent polarization binding assay uses purified His-tagged BRD4 protein and its 

interaction with a Cy5 labelled small molecule probe that binds to the BRD4 site involved in the 

interaction with tetra-acetylated histone H4 peptide. In brief, the assay is performed in low 

volume black 384 well flat-bottomed polystyrene plates. Compound/vehicle or standard (5 µl) 
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were added to wells followed by His-tagged BRD4 (10 µl; 40 nM final concentration in assay). 

Following a 15 min incubation at room temperature a proprietary Cy5-labelled probe molecule 

(5 µl; 2 nM final concentration in assay) was added. Following, an additional 16 h incubation at 

room temperature fluorescence polarization measurements were made using an Envision plate 

reader (Perkin Elmer, Waltham, MA, USA) and mP values were used for analysis.  

 

Data Analysis 

Agonist/antagonist curves were plotted from individual experiments, and EC50/IC50 values were 

determined using a four-parameter logistic fit.  EC50 is defined as the concentration of the test 

article that produced a response that was equal to 50% of the maximal system response.  IC50 is 

defined as the concentration of the test article that produced a 50% inhibition of a maximal 

response. An apparent KB value for antagonist activity was calculated using the following 

equation: 

Apparent KB = IC50/(1+([A]/Agonist EC50) 

where the KB value is the dissociation constant of antagonist for the receptor, IC50 is the response 

produced by the test article in the presence of [A], the concentration of agonist used in the assay. 

Agonist EC50 is the EC50 value of the reference agonist used in the assay when tested alone. (67). 

 

First-in-Human (FIH) Clinical Trial 

Study design for the FIH clinical trial in healthy adult participants   

The single ascending dose, which is a part of an ongoing multi-part FIH phase 1 study 

[NCT04756531], was conducted at the sponsor’s Clinical Research Unit in New Haven, CT, 

USA. The protocol was approved by an independent institutional review board and all 

participants provided informed consent before screening. The study was conducted in 

compliance with ethical principles of the Declaration of Helsinki and International Council for 

Harmonization Good Clinical Practice guidelines. All local regulatory requirements were 

followed.  The design for the single ascending dose portion was investigator- and participant-

blinded, sponsor-open, randomized, 4-period cross-over (with Period 3 and 4 being optional) in 2 

interleaving cohorts with placebo substitution. The interleaving design enabled both within- and 

between-participant assessments.  

Participants were required to be healthy adults aged 18–60 years, with a body mass index of 

17.5–30.5 kg/m2 and a body weight of >50 kg. Exclusion criteria included history of clinically 

significant hematologic, renal, endocrine, pulmonary, gastrointestinal, cardiovascular, hepatic, 

psychiatric, neurologic, or allergic disease and conditions affecting drug absorption. 

Randomization was performed using a sponsor-provided randomization schedule.  A total of 13 

participants were randomized in this part. At each dose level, 4 participants received PF-

07321332 and 2 participants received placebo. In a given participant, there was an interval of at 

least 5 days between dosing to allow for washout of PF-07321332 and review safety and 

pharmacokinetics data from each dose level before decisions were made on the next 

dose.  Participants who discontinued for non-safety related reasons prior to completion of the 

study may have been replaced at the discretion of the principal investigator and Sponsor.   

The starting dose of PF-07321332 150 mg alone was derived from nonclinical information 

on pharmacokinetics and metabolism of PF-07321332. Progression to the next dose level 

occurred if the last dosing paradigm (PF-07321332 alone or with RTV) was well tolerated and 

after satisfactory review of the available safety and pharmacokinetics data. Subsequent dosing 

paradigm was selected with projected (based on the pharmacokinetics data available the time of 
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each dose escalation) mean exposure of <3.3-fold of the previous highest observed safe and 

tolerated mean exposure. In the PF-07321332/RTV co-administration dosing paradigm, each 

subject (active and placebo) received one tablet (100 mg) of RTV at -12 h, 0 h and 12 h. PF-

07321332 was administered as an oral suspension under fasted conditions at 0 h (minimum fast 

of ~10 h prior to treatment). Data from two of the doses in this part, PF-07321332 150 mg alone 

and PF-07321332 250 mg with RTV, are presented in this manuscript. 

Blood, to obtain plasma samples for pharmacokinetic assessments, was collected up to 72 

hours post dose. Plasma samples were analyzed for PF-07321332 concentrations at Pfizer 

(Groton, CT) using a validated sensitive and specific LC-MS/MS method in compliance with the 

Sponsor SOPs. Plasma specimens were stored at approximately -70 °C until analysis and assayed 

within 150 days of established stability data generated during validation. Calibration standard 

responses were linear over the range of 10.0 to 50,000 ng/ml using a weighted (1/x2) linear least 

squares regression. Those samples with concentrations above the upper limits of quantification 

were adequately diluted into calibration range. The lower limit of quantification (LLOQ) for 

PF-07321332 was 10.0 ng/ml. Clinical specimens with plasma PF-07321332 concentrations 

below the LLOQ were reported as “<10.0 ng/ml”. The between-day assay accuracy, expressed as 

percent relative error (%RE), for quality control (QC) concentrations, ranged from -3.7% to 

2.0% for the low, medium, high, and diluted QC samples. Assay precision, expressed as the 

between-day percent coefficient of variation (%CV) of the mean estimated concentrations of QC 

samples was ≤5.9% for low (30.0 ng/ml), medium (1000 ng/ml), high (37,500 ng/ml), and 

diluted (100,000 ng/ml) concentrations. 
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Fig. S1. 

Supplementary Figure 1 
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M2 – 1H-NMR Spectrum
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Figure S1. UHPLC-UV chromatograms of PF-07321332 (10 mM) incubations in NADPH-

supplemented HLM and recombinant human CYP3A4. Structures of oxidative metabolites 

(M1–M4 and m/z 498) depicted were elucidated by 1H and 13C 1D and 2D NMR spectroscopy 

following their biosynthesis and purification from HLM. Metabolite M4 comprised of two 

closely eluting diastereomers. 1H NMR are shown for illustrative purposes. 
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Compound Speciesa Dose 

(mg/kg) 

Cmax 

(ng/ml) 

Tmax (h) AUC0–∞ 

(ng∙h/ml) 

CLp 

(ml/min/kg) 

Vdss 

(l/kg) 

t1/2 

(h) 

Oral F 

(%) 

Fa x Fg 

(%)d 

1 Rat 2.0 (iv) ---- ---- 1250 ± 146 27.0 ± 3.1 0.75 ± 0.24  0.72 ± 0.12 ---- ---- 

  2.0 (po)b 6.54 ± 2.40 0.33 ± 0.14 17.3 ± 9.5 ---- ---- 1.7 ± 0.7 1.4 ± 0.8 3.3 

  20 (po)b 71.6 ± 17.4         0.25 ± 0.00     162 ± 33          ---- ---- 1.6 ± 0.4  1.3 ± 0.3  3.1 

 Monkey 1.0 (iv) ---- ---- 583 (552, 

614) 

28.7 (27.1, 

30.2) 

1.4 (1.3, 

1.5) 

1.2 (1.1, 

1.3) 

---- ---- 

  5.0 (po)e 0.404 

(0.204, 

0.605) 

1.0 (1.0, 

1.0)  

0.466 

(0.328, 

0.603)  

---- ----              N.D. < 0.05 <1.0 

2 Rat 1.0 (iv) ---- ---- 427 (402, 

451) 

39.3 (37.0, 

41.5) 

0.91 (0.85, 

0.97) 

0.62 (0.49, 

0.74) 

---- ---- 

  10 (po) 172 (152, 

192) 

0.38 (0.25, 

0.50) 

325 (315, 

334) 

---- ---- 2.6 (1.8, 

3.5) 

7.6 (7.4, 

7.8) 

38 

4 Rat 1.0 (iv) ---- ---- 393 (350, 

436) 

42.9 (38.2, 

47.6) 

1.7 (1.5, 

2.0) 

8.0 (7.8, 

8.2) 

---- ---- 

  10 (po) 411 (372, 

449) 

0.38 (0.25, 

0.50) 

410 (295, 

524) 

---- ---- 3.8 (3.7, 

3.9) 

10 (7.5, 

13) 

84 

5 Rat 1.0 (iv) ---- ---- 538 (531, 

544) 

31.0 (30.6, 

31.4) 

2.2 (2.0, 

2.3) 

6.8 (6.6, 

7.0) 

---- ---- 

  10 (po) 911 (711, 

1110) 

1.0 (1.0, 

1.0) 

2950 (2910, 

2980) 

---- ---- 3.3 (2.9, 

3.8) 

33 (33, 

34) 

100 

  10 (po)c 521 ± 67 0.67 ± 0.29 2310 ± 643 ---- ---- 3.4 ± 0.8 54 ± 15 100 

 Monkey 1.0 (iv) ---- ---- 841 (602, 

682) 

26.0 (24.4, 

27.6) 

0.58 (0.58, 

0.59) 

1.1 (1.1, 

1.1) 

---- ---- 

  10 (po) 331 (112, 

550) 

1.5 (1.0, 

2.0) 

505 (265, 

744) 

---- ---- 6.1 (5.7, 

6.6) 

7.9 (4.1, 

12) 

66 
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Table S1. Preclinical pharmacokinetics of SARS-CoV2 Mpro inhibitors  
aPharmacokinetic parameters were calculated from plasma concentration–time data and are 

reported as mean (± S.D. for n=3 and individual values for n=2). All pharmacokinetics were 

conducted in male gender of each species (Wistar-Han rats and cynomolgus monkey).  Oral (po) 

studies were conducted in the fed state unless otherwise noted. For intravenous (iv) doses in rats, 

compounds were administered as solutions in 10% DMSO/30% PEG400/60% deionized water or 

10% DMSO/50% PEG400/40% deionized water.  For iv studies in monkeys, compound 1  was 

administered as a solution in 10% (v/v) PEG400/90% (v/v) of 23% (w/v) 2-hydroxypropyl--

cyclodextrin in aqueous sodium phosphate buffer pH = 6.0, whereas compound 5 was 

administered as a solution in 10% PEG400/90% (v/v) of 23% (w/v) 2-hydroxypropyl--

cyclodextrin in deionized water.  For po studies in rats and monkeys, compound 1 was 

administered as a solution (2 mg/kg) or suspension (5 and 20 mg/kg) in 0.5% (w/v) aqueous 

methyl cellulose, whereas compounds 4 and 5 were administered as a solution in 0.5% (w/v) 

aqueous methyl cellulose containing 2% Tween80. For po studies in rats, compound 2 was 

administered as a suspension in 0.5% (w/v) aqueous methyl cellulose containing 2% 

Tween80. bpo studies were conducted in the fasted state. cpo formulation was 10% ethanol/10% 

capmul MCM/35% PEG400/45% Tween 80 which was preceded with 8 ml/kg oral of 1% (w/v) 

hydroxypropyl cellulose in deionized water immediately prior to dose. dFa x Fg = fraction of 

the po dose absorbed. eAUC0-t is reported and t1/2 could not be determined (N.D.) due to a lack or 

measurable time points in the elimination phase.   
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Virus 
PF-07321332 (6) 

Ki (95% CI) nMa 

SARS-CoV-2 3.11 (1.31–4.91) 

SARS-CoV-1 4.94  (1.27–19.1) 

NL63-CoV 226 (95.7–535) 

229E-CoV 44.4 (10.4–189) 

MERS-CoV 187 ( 166–211) 

HKU1-CoV 189 (135–263) 

OC43-CoV 36.4 (8.92–149) 

 

Table S2. PF-07321332 (6) inhibition of human coronavirus main proteases aPF-07321332 

was tested for its ability to inhibit proteolytic activity of MPro of SARS-CoV-2 as well as related 

coronaviruses in a FRET assay. PF-07321332 was tested up to 30 M. Data are expressed as 

inhibitory constants (Ki) relative to controls with 0% inhibition wells containing 1% DMSO and 

full inhibition achieved by 30 M of a broad-spectrum antiviral compound GC376. Data shown 

are the geometric mean and 95% confidence intervals (CI) from 3 independent experiments 
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Protease IC50 µM 

Human Cathepsin B >100 

Bovine Chymotrypsin >100 

Human Thrombin  >100 

Human Caspase 2 >100 

Human Cathepsin D >100 

Human Cathepsin L >100 

Human Immunodeficiency Virus-1 >100 

Human Elastase >100 

 

Table S3. Selectivity of PF-07321332 (6) against mammalian and HIV proteases 

The inhibitory activity of PF-07321332 was evaluated using FRET-based assay format at several 

mammalian cysteine (caspase 2, cathepsin L), serine (chymotrypsin, elastase, thrombin) and 

aspartyl (cathepsin B, cathepsin D,  HIV-1) proteases at the indicated protease and substrate 

concentrations. Data shown represent at least two independent experiments. 

  

All rights reserved. No reuse allowed without permission. 
(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. 

The copyright holder for this preprintthis version posted July 31, 2021. ; https://doi.org/10.1101/2021.07.28.21261232doi: medRxiv preprint 

https://doi.org/10.1101/2021.07.28.21261232


118 

 

Virus Cell line 
EC50 nM  

(95% CI) 

EC90 nM  

(95% CI) 
n 

SARS-CoV-1 
Vero E6 + 2 M 

 CP-100356 

151 , n=12 

(108 to 212) 

317, n=12  

(225 to 446) 
12 

229E MRC-5 
190, n=3 

(58.3 to 621) 

620, n=3 

 (166 to 2320) 
3 

MERS 
Vero 81 + 1 M 

CP-100356 

166, n=16 

(145 to 191) 

351, n=16 

(301 to 409) 
16 

 

Table S4. PF-07321332 antiviral activity against SARS-CoV-1, 229E and MERS  

PF-07321332 inhibited SARS-CoV-1 (N=2), h-CoV-229E (N=3)  and MERS (N=1) induced CPE 

in Vero E6, MRC-5 and Vero 81 cells, respectively as measured by cell viability using ATP as a 

readout. A P-glycoprotein inhibitor, CP-100356 was added at 2 M to inhibit the efflux of PF-

07321332 from Vero cells. Cytotoxicity of PF-07321332 was evaluated in non-infected cells and 

determined as CC50 was >100 M in Vero E6 plus 2 M EI (N=2, n=6), MRC-5 (N=3) and Vero 

81 plus 2 M EI (N=1, n=8) cells. Data are expressed as either % effective concentration (EC50 

and EC90) relative controls to infected cells with DMSO and non-infected cells. Compound 

cytotoxicity was calculated relative to DMSO treated and a cytotoxic control compound. Data 

shown are the geometric mean and 95% confidence intervals (CI). 
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Table S5. Preclinical pharmacokinetics of PF-07321332 (6)  
aPharmacokinetic parameters were calculated from plasma concentration–time data and are reported as mean (± S.D. for n=3 and 

individual values for n=2).  All pharmacokinetics were conducted in male gender of each species (Wistar-Han rats and cynomolgus 

monkey).  Intravenous (iv) doses for PF-07321332 (6) were administered as a solution in 10% DMSO/30% PEG400/60% deionized 

water (rats) or 5% (v/v) PEG400:95% (v/v) of 23% 2-hydroxypropyl--cyclodextrin in aqueous sodium phosphate buffer pH = 6.0 

(monkeys).  
bOral (po) pharmacokinetics studies were conducted in the fed state. Oral rat pharmacokinetics studies were conducted with crystalline 

PF-07321332 (6) anhydrous MTBE solvate or anhydrous 'Form 1'. Compound 6-MTBE solvate and anhydrous 'Form 1' forms were 

formulated as solutions in 10% ethanol/10% Capmul MCM/35% PEG400/45% Tween80 and 2% (v/v) Tween80/98% of 0.5% (w/v) 

methyl cellulose in deionized water, respectively. Rats received 8 ml/kg oral of 1% hydroxypropyl cellulose in deionized water 

immediately prior to the PF-07321332 (6)-MTBE solvate po dose. For po pharmacokinetics assessments in monkeys, crystalline MTBE 

solvate form of PF-07321332 (6) was administered as a solution in 2% (v/v) Tween80/98% of 0.5% (w/v) methyl cellulose in deionized 

water. 
cAUC0-t. 
dFraction of the po dose absorbed.  
ePF-07321332 (6) was dosed as the anhydrous MTBE solvate. 
fPF-07321332 (6) was dosed as the anhydrous 'Form 1'. 

Speciesa Dose 

(mg/kg) 

Cmax (ng/ml) Tmax (h) AUC0–∞ 

(ng∙h/ml) 

CLp 

(ml/min/kg) 

Vdss 

(l/kg) 

t1/2 

(h) 

Oral F (%) Fa x Fg 

(%)d 

Rat 1.0 (iv) ---- ---- 632 (523, 741) 27.2 (22.5, 

31.9) 

1.8 (1.4, 

2.2)  

5.1 (3.3, 7.0)  ----  

 10 (po)b,e 1290 (851, 

1730)  

1.5 (1.0, 

2.0)     

3190 (1890, 

4480)            

---- ---- 4.0 (2.9, 5.1)  50 (30, 71)  95 

 10 (po)b,f 1450 ± 373 0.25 ± 0.0 2170 ± 1180 ---- ---- 2.8 ± 1.4 34 ± 19 65 

Monkey 1.0 (iv) ---- ----   977 (965, 988) 17.1 (16.9, 

17.3) 

0.33 (0.31, 

0.34) 

0.79 (0.74, 

0.83) 

----  

 10 (po)b.e 1450 (1050, 

1850)   

0.25 (0.25, 

0.25)  

831 (747, 

914)c 

---- ---- ---- 8.5 (7.7, 9.4) 20 
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Compound Intestinal Microsomes t1/2 (min) CLint 

(l/min/mg) 

PF-07321332 Rat >240 <2.89 

 Monkey 20.5 33.8 

 Human >240 <2.89 

 

Table S6. In vitro metabolic stability of PF-07321332 (6) in intestinal microsomes from 

preclinical species and human Metabolic stability was examined in intestinal microsomes (in 

the presence of NADPH) using a PF-07321332 (6) concentration of 1 M. Incubations were 

conducted in duplicate or triplicate and mean stability data (half-life (t1/2) and intrinsic clearance 

(CLint) is depicted.  
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Compound Co-factor CYP3A4 Inhibitor t1/2 (min) CLint (L/min/mg) 

PF-07321332 

(6) 

- NADPH - > 120 < 5.78 

 + NADPH - 28.2 

(0.2) 

24.5 (0.2) 

 + NADPH + Ketoconazole > 160 <4.33 

 

Table S7. Human liver microsomal stability of PF-07321332 (6) Metabolic stability of PF-

07321332 (0.1 M) was examined in HLM (1 mg/ml protein concentration) in the absence or 

presence of CYP co-factor NADPH. To probe the involvement of CYP3A4 in the metabolic 

elimination of PF-07321332, NADPH-supplemented HLM were co-incubated with PF-07321332 

(0.1 M) and a selective CYP3A4/5 inhibitor ketoconazole (1 M) was also included to the 

incubations. Incubations without NADPH were conducted in duplicate, all other incubations 

were conducted in triplicate and mean (SD) stability data (half-life (t1/2) and intrinsic clearance 

(CLint) is depicted in the table.  
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Target Class Mode Format Endpoint Potency (µM) 
Adenosine A1 (h) GPCR Agonism Functional EC50 >100 
Adenosine A2a (r) GPCR Agonism Functional EC50 >100 

Adrenergic Alpha 1A (h) GPCR Agonism Functional EC50 >100 
Adrenergic Alpha 1A (h) GPCR Antagonism Functional KB >100 
Adrenergic Alpha 2A (h) GPCR Agonism Functional EC50 >100 
Adrenergic Alpha 2B (h) GPCR Agonism Functional EC50 >100 
Adrenergic Alpha 2B (h) GPCR Antagonism Functional KB >100 

Adrenergic Beta 1 (h) GPCR Agonism Functional EC50 >100 
Adrenergic Beta 1 (h) GPCR Antagonism Functional KB >100 
Adrenergic Beta 2 (h) GPCR Agonism Functional EC50 >100 
Adrenergic Beta 2 (h) GPCR Antagonism Functional KB >100 

Angiotensin 1 (h) GPCR Agonism Functional EC50 >100 
Angiotensin 1 (h) GPCR Antagonism Functional KB >100 
Cannabinoid 1 (h) GPCR Agonism Functional EC50 >100 
Cannabinoid 1 (h) GPCR Antagonism Functional KB >100 

Cholecystokinin 2 (h) GPCR Agonism Functional EC50 >100 
Corticotropin-releasing hormone 

receptor 1 (h) 
GPCR Agonism Functional EC50 >100 

Corticotropin-releasing hormone 

receptor 1 (h) 
GPCR Antagonism Functional KB >100 

Dopamine 1 (h) GPCR Agonism Functional EC50 >100 
Dopamine 1 (h) GPCR Antagonism Functional KB >100 

Dopamine 2L (h) GPCR Agonism Functional EC50 >100 
Dopamine 2L (h) GPCR Antagonism Functional KB >100 
Endothelin A (h) GPCR Agonism Functional EC50 >100 
Histamine 1 (h) GPCR Agonism Functional EC50 >100 
Histamine 1 (h) GPCR Antagonism Functional KB >100 
Histamine 2 (h) GPCR Agonism Functional EC50 >100 
Histamine 3 (h) GPCR Agonism Functional EC50 >100 

Melanocortin Receptor 2 (h) GPCR Agonism Functional EC50 >100 
Melanocortin Receptor 2 (h) GPCR Antagonism Functional KB >100 

Muscarinic 1 (h) GPCR Agonism Functional EC50 >100 
Muscarinic 1 (h) GPCR Antagonism Functional KB >100 
Muscarinic 2 (h) GPCR Agonism Functional EC50 >100 
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Muscarinic 2 (h) GPCR Antagonism Functional KB >100 
Muscarinic 3 (h) GPCR Agonism Functional EC50 >100 
Muscarinic 3 (h) GPCR Antagonism Functional KB >100 
Neurokinin 1 (h) GPCR Agonism Functional EC50 >100 
Delta Opioid (m) GPCR Agonism Functional EC50 >100 
Kappa Opioid (r) GPCR Agonism Functional EC50 >100 

Mu Opioid (h) GPCR Agonism Functional EC50 >100 
Mu Opioid (h) GPCR Antagonism Functional KB >100 

Serotonin 1A (h) GPCR Agonism Functional EC50 >100 
Serotonin 1B (h) GPCR Agonism Functional EC50 >100 
Serotonin 2A (h) GPCR Agonism Functional EC50 >100 
Serotonin 2B (h) GPCR Agonism Functional EC50 >100 

      
Serotonin 4E (h) GPCR Agonism Functional EC50 >100 

Thyrotropin-releasing hormone 

receptor 1 (h) 
GPCR Agonism Functional EC50 >100 

Thyrotropin-releasing hormone 

receptor 1 (h) 
GPCR Antagonism Functional KB >100 

Vasopressin 1a (h) GPCR Agonism Functional EC50 >100 
      

  Androgen Receptor (h) NHR Inhibition Binding Ki >100 
Glucocorticoid Receptor (h) NHR Inhibition Binding Ki >100 

      
  Ca2+ channel (DHP site) (r) Ion Channel Inhibition Binding Ki >100 

  Ca2+ channel (Diltiazem site) (r) Ion Channel Inhibition Binding Ki >100 
  Ca2+ channel (Verapamil site) (r) Ion Channel Inhibition Binding Ki >100 

Na+ channel (Site 2) (r) Ion Channel Inhibition Binding Ki >100 
Benzodiazepine Site (Central) (r) Ion Channel Inhibition Binding Ki >100 

Cl- channel (GABA-gated) (r) Ion Channel Inhibition Binding Ki >100 
GABAA1 (α1,β2,Ɣ2) (h)  Ion Channel Inhibition Binding Ki >100 

  AMPA Receptor (r)  Ion Channel Inhibition Binding Ki >100 
NMDA Receptor (r)  Ion Channel Inhibition Binding Ki >100 
Nicotinic (Neuronal α4β2) (h)

  
Ion Channel Inhibition Binding Ki >100 

Nicotinic (Muscle-type) (h) Ion Channel Inhibition Binding Ki >100 
Phencyclidine Site (r) Ion Channel Inhibition Binding Ki >100 

Serotonin 3 (h)  Ion Channel Inhibition Binding Ki >100 
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Norepinephrine Trans. (NET) (h) Transporter Inhibition Binding Ki >100 
Dopamine Trans. (DAT) (h)  Transporter Inhibition Binding Ki >100 

  GABA Trans. (r) Transporter Inhibition Binding Ki >100 
Choline Trans. (CHT1) (h) Transporter Inhibition Binding Ki >100 

Serotonin Trans. (SERT) (h)  Transporter Inhibition Binding Ki >100 
      

 Cyclooxygenase 2 (h)     Enzyme Inhibition Enzymatic IC50 >100 
Angiotensin Converting Enzyme (h)     Enzyme Inhibition Enzymatic IC50 >100 

  Acetylcholinesterase (h)     Enzyme Inhibition Enzymatic IC50 >100 
Monoamine Oxidase A (h)     Enzyme Inhibition Enzymatic IC50 >100 

Abl Kinase (h)     Enzyme Inhibition Enzymatic IC50 >100 
AurA/Aur2 Kinase (h) Enzyme Inhibition Enzymatic IC50 >100 

EGFR Kinase (h)     Enzyme Inhibition Enzymatic IC50 >100 
VEGFR2 Kinase (h)    Enzyme Inhibition Enzymatic IC50 >100 

Lck Kinase (h)     Enzyme Inhibition Enzymatic IC50 >100 
MAP Kinase 14 (p38α) (h)  Enzyme Inhibition Enzymatic IC50 >100 

Src Kinase (h)     Enzyme Inhibition Enzymatic IC50 >100 
      

PDE1B1 (h) Phosphodiesterase Inhibition Enzymatic IC50 >200 
PDE2A1 (h) Phosphodiesterase Inhibition Enzymatic IC50 >200 
PDE3A1 (h) Phosphodiesterase Inhibition Enzymatic IC50 >200 
PDE4D3 (h) Phosphodiesterase Inhibition Enzymatic IC50 >200 
PDE5A1 (h) Phosphodiesterase Inhibition Enzymatic IC50 >200 

      
PDE6 (b) Phosphodiesterase Inhibition Enzymatic IC50 >200 

PDE7B (h) Phosphodiesterase Inhibition Enzymatic IC50 >200 
PDE8B (h) Phosphodiesterase Inhibition Enzymatic IC50 >200 

PDE9A1 (h) Phosphodiesterase Inhibition Enzymatic IC50 >200 
PDE10A1 (h) Phosphodiesterase Inhibition Enzymatic IC50 >200 
PDE11A4 (h) Phosphodiesterase Inhibition Enzymatic IC50 >200 

      
hERG Ion Channel Inhibition Patch Clamp IC50 >300 
hERG Ion Channel Inhibition Binding Ki >800 
Nav1.5 Ion Channel Inhibition Patch Clamp IC50 >300 
Cav1.2 Ion Channel Inhibition Patch Clamp IC50 >300 
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Table S8. Off target pharmacology profile of PF-07321332 (6) 

Target species include human (h), rat (r), bovine (b) and mouse (m).  Abbreviations: GPCR, G-Protein Coupled Receptor; NHR, Nuclear 

Hormone Receptor; EGFR, Endothelial Growth Factor Receptor; VEGFR, Vascular Endothelial Growth Factor Kinase; Lck, 

Lymphocyte-Specific Protein Tyrosine Kinase; MAPK14, Mitogen Activated Protein Kinase 14 (p38α).
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Target  
% 

inhibition 
Target  

% 

inhibition 
Target  

% 

inhibition 
Target  

% 

inhibition 

ABL1  -2.40 DDR1  1.88 LYN  2.71 PKCnu/PRKD3  4.20 

ABL2/ARG  5.06 DDR2  -2.52 MAK  -4.45 PKCtheta  11.9 

ACK1  -3.27 DMPK  3.15 MAPKAPK2  -8.02 PKCzeta  5.90 

AKT1  4.17 DMPK2  -0.070 MAPKAPK3  -13.0 PKD2/PRKD2  6.92 

AKT2  0.420 DRAK1/STK17A  3.56 MAPKAPK5/PRAK  -9.65 PKG1a  -3.61 

AKT3  13.1 DYRK1/DYRK1A  -3.34 MARK1  2.27 PKG1b  -9.26 

ALK  1.48 DYRK1B  1.56 MARK2/PAR-1Ba  4.30 PKG2/PRKG2  2.67 

ALK1/ACVRL1  -14.5 DYRK2  5.00 MARK3  8.96 PKN1/PRK1  -3.71 

ALK2/ACVR1  3.16 DYRK3  20.7 MARK4  -12.2 PKN2/PRK2  -26.2 

ALK3/BMPR1A  9.04 DYRK4  1.19 MAST3  11.0 PKN3/PRK3  -4.28 

ALK4/ACVR1B  -2.64 EGFR  -0.255 MASTL  7.64 PLK1  4.69 

ALK5/TGFBR1  -0.055 EPHA1  29.2 MEK1  -3.68 PLK2  3.65 

ALK6/BMPR1B  6.72 EPHA2  3.66 MEK2  7.95 PLK3  0.74 

ARAF  1.70 EPHA3  -3.23 MEK3  2.95 PLK4/SAK  0.400 

ARK5/NUAK1  6.76 EPHA4  6.00 MEK5  -21.7 PRKX  5.43 

ASK1/MAP3K5  7.29 EPHA5  4.03 MEKK1  -2.43 PYK2  -7.85 

Aurora A  2.66 EPHA6  -12.9 MEKK2  3.05 RAF1  8.12 

Aurora B  7.15 EPHA7  -0.31 MEKK3  -2.53 RET  0.080 

AURORA C  0.725 EPHA8  12.0 MEKK6  -2.73 RIPK2  -5.79 

AXL  9.82 EPHB1  21.1 MELK  -6.26 RIPK4  27.5 

BLK  7.66 EPHB2  -2.60 MINK/MINK1  5.93 RIPK5  -16.8 

BMPR2  -10.5 EPHB3  6.77 MKK4  -2.82 ROCK1  11.5 

BMX/ETK  3.13 EPHB4  13.0 MKK6  4.41 ROCK2  5.21 

BRAF  2.57 ERBB2/HER2  5.39 MKK7  4.66 RON/MST1R  -2.53 

BRK  18.8 ERBB4/HER4  -9.73 MLCK/MYLK  -20.9 ROS/ROS1  -4.49 

BRSK1  7.81 ERK1  -8.02 MLCK2/MYLK2  -13.4 RSK1  3.04 
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BRSK2  8.32 ERK2/MAPK1  9.19 MLK1/MAP3K9  5.38 RSK2  0.555 

BTK  -3.52 ERK5/MAPK7  8.86 MLK2/MAP3K10  4.08 RSK3  0.250 

CAMK1a  -4.19 ERK7/MAPK15  3.26 MLK3/MAP3K11  -3.38 RSK4  -0.965 

CAMK1b  1.77 ERN1/IRE1  4.47 MLK4  0.395 SBK1  -4.32 

CAMK1d  -1.37 ERN2/IRE2  8.31 MNK1  16.3 SGK1  12.9 

CAMK1g  -12.6 FAK/PTK2  -0.355 MNK2  -2.17 SGK2  7.07 

CAMK2a  4.68 FER  -4.94 MRCKa/CDC42BPA  -0.205 SGK3/SGKL  4.57 

CAMK2b  0.280 FES/FPS  6.58 MRCKb/CDC42BPB  3.51 SIK1  2.22 

CAMK2d  0.495 FGFR1  4.52 MSK1/RPS6KA5  -0.515 SIK2  -4.14 

CAMK2g  19.1 FGFR2  1.13 MSK2/RPS6KA4  -7.40 SIK3  6.28 

CAMK4  -0.345 FGFR3  1.82 MSSK1/STK23  1.10 SLK/STK2  -7.48 

CAMKK1  6.50 FGFR4  3.65 MST1/STK4  4.12 SNARK/NUAK2  -6.15 

CAMKK2 6.39 FGR -6.74 MST2/STK3  -12.7 SNRK  14.9 

CDC7/DBF4  -14.0 FLT1/VEGFR1 -6.74 MST3/STK24  14.3 SRMS  0.055 

CDK1/cyclin A  -4.27 FLT3  -2.19 MST4  0.245 SRPK1  -6.91 

CDK1/cyclin B  -8.67 FLT4/VEGFR3  4.00 MUSK  -5.10 SRPK2  -6.78 

CDK1/cyclin E  -3.28 FMS  22.2 MYLK3  -1.68 SSTK/TSSK6  -2.01 

CDK14/cyclin Y 

(PFTK1)  
8.71 FRK/PTK5  8.37 MYLK4  7.71 STK16  -9.64 

CDK16/cyclin Y 

(PCTAIRE)  
-16.3 FYN  6.32 MYO3A  -4.71 STK21/CIT  0.125 

CDK17/cyclin Y 

(PCTK2)  
-19.5 GCK/MAP4K2  11.6 MYO3b  -2.49 STK22D/TSSK1  1.21 

CDK18/cyclin Y 

(PCTK3)  
-1.18 GLK/MAP4K3  -6.34 NEK1  8.99 STK25/YSK1  1.13 

CDK19/cyclin C  2.36 GRK1  7.88 NEK11  4.09 STK32B/YANK2  1.70 

CDK2/cyclin A  9.00 GRK2  -5.84 NEK2  -7.40 STK32C/YANK3  4.52 

CDK2/cyclin A1  -9.22 GRK3  1.30 NEK3  1.07 STK33  7.24 

CDK2/cyclin E  3.62 GRK4  14.3 NEK4  -0.125 STK38/NDR1  1.72 
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CDK2/cyclin E2  10.2 GRK5  -8.62 NEK5  8.10 STK38L/NDR2  3.74 

CDK2/cyclin O  -8.24 GRK6  -6.69 NEK6  5.08 STK39/STLK3  -0.560 

CDK3/cyclin E  5.73 GRK7  14.8 NEK7  -2.97 SYK  16.6 

CDK3/cyclin E2  -5.21 GSK3a  -8.57 NEK9  -11.7 TAK1  6.99 

CDK4/cyclin D1  4.79 GSK3b  10.3 NIM1  2.09 TAOK1  2.38 

CDK4/cyclin D3  4.90 Haspin  0.635 NLK  0.985 TAOK2/TAO1  -13.0 

CDK5/P25  0.500 HCK  3.72 OSR1/OXSR1  4.12 TAOK3/JIK  5.50 

CDK5/p35  4.47 HGK/MAP4K4  10.1 P38a/MAPK14  6.55 TBK1  0.225 

CDK6/cyclin D1  -0.440 HIPK1  2.71 P38b/MAPK11  -7.66 TEC  1.72 

CDK6/cyclin D3  19.2 HIPK2  1.03 P38d/MAPK13  -1.59 TESK1  4.86 

CDK7/cyclin H  -5.78 HIPK3  5.12 P38g  -7.73 TESK2  -16.7 

CDK8/cyclin C  8.21 HIPK4  -2.65 p70S6K/RPS6KB1  -3.77 TGFBR2  10.9 

CDK9/cyclin K  5.97 HPK1/MAP4K1  4.95 p70S6Kb/RPS6KB2  6.29 TIE2/TEK  -19.1 

CDK9/cyclin T1  0.055 IGF1R  4.40 PAK1  -12.6 TLK1  -5.76 

CDK9/cyclin T2  8.72 IKKa/CHUK  12.5 PAK2  -5.15 TLK2  8.06 

CHK1  -1.10 IKKb/IKBKB  -13.2 PAK3  10.7 TNIK  9.11 

CHK2  -9.75 IKKe/IKBKE  12.9 PAK4  0.100 TNK1  1.79 

CK1a1  -0.200 IR  -1.19 PAK5  -9.51 TRKA  4.96 

CK1a1L  -1.91 IRAK1  0.080 PAK6  19.5 TRKB  4.67 

CK1d  -9.31 IRAK4  -7.79 PASK  -6.65 TRKC  4.61 

CK1epsilon  7.56 IRR/INSRR  3.53 PBK/TOPK  -11.3 TSSK2  -6.55 

CK1g1  9.22 ITK  13.0 PDGFRa  3.42 TSSK3/STK22C  -6.24 

CK1g2  2.12 JAK1  7.81 PDGFRb  12.7 TTBK1  -1.15 

CK1G3  10.5 JAK2  -1.53 PDK1/PDPK1  1.43 TTBK2  2.32 

CK2a  3.07 JAK3  -0.68 PHKg1  -22.6 TXK  6.11 

CK2a2  19.2 JNK1  -4.83 PHKg2  -2.59 TYK1/LTK  -1.91 

c-Kit  17.3 JNK2  -0.955 PIM1  20.0 TYK2  3.84 

CLK1  -0.540 JNK3  2.96 PIM2  14.9 TYRO3/SKY  15.0 

CLK2  9.02 KDR/VEGFR2  -5.06 PIM3  -5.26 ULK1  36.1 
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CLK3  6.94 KHS/MAP4K5  3.76 PKA  10.3 ULK2  7.92 

CLK4  -14.7 KSR1  0.435 PKAcb  1.35 ULK3  11.6 

c-MER  0.725 KSR2  3.01 PKAcg  -3.09 VRK1  1.63 

c-MET  -2.32 LATS1  4.99 PKCa  -15.0 VRK2  -5.12 

COT1/MAP3K8  -0.425 LATS2  5.08 PKCb1  -3.31 WEE1  -17.6 

CSK  0.370 LCK  -10.8 PKCb2  -9.72 WNK1  -12.9 

c-Src  10.6 LCK2/ICK  -3.86 PKCd  2.25 WNK2  -3.12 

CTK/MATK 0.095 LIMK1  6.45 PKCepsilon  6.14 WNK3  -2.60 

DAPK1  5.43 LIMK2  0.43 PKCeta  11.9 YES/YES1  8.86 

DAPK2  -6.66 LKB1  6.80 PKCg  6.67 YSK4/MAP3K19 -21.1 

DCAMKL1  11.9 LOK/STK10  -6.26 PKCIOTA  5.55 ZAK/MLTK  8.62 

DCAMKL2  -3.84 LRRK2  7.37 PKCmu/PRKD1  0.92 ZAP70  -5.60 

DDR1  1.88 LYN B  17.0 
  

ZIPK/DAPK3  2.22 

 

Table S9. Kinase profile of PF-07321332 (6) Kinase inhibition studies were conducted by 

Reaction Biology (Malvern, PA, USA) on behalf of Pfizer Inc. The inhibitory activity of 10 µM 

PF-07321332 was assessed against a broad panel of kinases using the HotSpot™ kinase assay 

format in the presence of 10 µM ATP. Data are presented as the average of two technical 

replicates.  
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Studya,b

 Concentration or 

Dosec 

Group size NOAEL/Genotoxicity 

General 

Toxicology Studies 

   

2-Week Study in 

Wistar Han Rats 

60, 200, 1000 Main Phased: 10 per sex per 

group 

Recovery Phasee: 5 per sex 

per group 

1000 mg/kg/dayf 

    

15-Day Study in 

Cynomolgus 

Monkeys 

40 (20 BID), 100 (50 

BID),  

600 (300 BID)f 

3 per sex per group 

 

600 mg/kg/dayf 

Genotoxicity    

In Vitro Studies    

Bacterial Reverse 

Mutation Assay 

1.50-5000 µg/plate NA Nonmutagenic 

    

Induction of 

Micronuclei in 

Cultured Human 

Lymphoblastoid 

TK6 Cells 

62.5-500 µg/ml NA Nonclastogenic 

In Vivo Studies    

In Vivo 

Micronucleus in 

Ratsg 

 60, 200, 1000 5 per sex per group Nonclastogenic/nonaneugenic 

 

Table S10. PF-07321332 (6) IND-enabling nonclinical safety studies 
aAll GLP studies were conducted in an OECD MAD compliant member state.  
bAll in vivo studies were conducted with male and female animals; compound was administered 

orally. 
cAll doses expressed as mg/kg unless otherwise specified. 
dMain phase rats were administered vehicle or PF-07321332 for 2weeks followed by scheduled 

necropsy. 
eRecovery phase rats were administered vehicle or PF-07321332 for 2 weeks followed by a post 

dose phase of 2 weeks wherein no vehicle or drug was administered. At end of recovery phase, 

rats underwent scheduled necropsy. 
fThe interval between BID dosing sessions was approximately 6 hours. 
gConducted as part of the 2-week pivotal rat study. 
fAssociated plasma concentrations from the 2-week rat and monkey toxicity studies are presented 

in Table S11. 
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Speciesa Day  Daily Oral Dose 

(mg/kg) 
Cmax (g/mL) Tmax (h) AUC24 

(g∙h/mL) 

   total Unboundd  total Unboundd 

Ratb 1 60 QD 12.9 ± 1.9 6.18 0.5 ± 0.0  27.3 ± 2.4 13.1 

  200 QD 37.0 ± 4.0 17.7 0.5 ± 0.0 291 ± 4 139 

  1000 QD 62.1 ± 5.5 29.7 2.0 ± 1.5 796 ± 166 381 

 14 60 QD 13.3 ± 5.0 6.37 0.5 ± 0.0 17.2 ± 5.1 8.24 

  200 QD 27.1 ± 3.3 13.0 0.5 ± 0.0 80.5 ± 27.4 38.6 

  1000 QD 51.5 ± 0.9 24.7 2.0 ± 0.0 292 ± 8 140 

Monkeyc 1 20 BID 1.79 ± 0.89    0.779 1.3 ± 0.6 10.4 ± 5.7       4.52 

  50 BID 11.3 ± 6.1 4.92 1.3 ± 1.3 84.2 ± 57.5 36.6 

  300 BID 59.6 ± 11.8 25.9 3.0 ± 1.1 723 ± 152 315 

 15 20 BID 2.42 ± 0.50 1.05 0.67 ± 0.26 9.61 ± 3.05 4.18 

  50 BID 11.8 ± 6.6 5.13 0.92 ± 0.58 52.6 ± 28.8 22.9 

  300 BID 106 ± 18 46.1 3.7 ± 0.8 1220 ± 224 531 

 

Table S11. Mean toxicokinetics of PF-07321332 (6) in rats and monkeys after 2-weeks of repeat dosing 
aAUC24 = Area under the concentration-time curve from time t=0 to t=24 h, Cmax = Maximum plasma concentration, Tmax = time at 

which Cmax was first observed. Toxicokinetics parameters are mean values (± standard deviation) combining male and female 

animals. MTBE solvate of crystalline PF-07321332 (6) was formulated in 2% (v/v) polysorbate 80 in 0.5% (w/v) methylcellulose.  
b15 animals/sex/dose group (non-serial sampling at n=5/sex/dose group/timepoint). Animals were dosed once daily for 14 days. 
c3 animals/sex/dose group. Animals were dosed orally twice daily for 15 days; the interval between dosing sessions was approximately 

6 hours.  Mean Tmax not reported due to twice daily dosing format.  
dUnbound Cmax and unbound AUC24 values were estimated by multiplying the total values with the plasma unbound fraction (fu,p) of 

PF-07321332 (6) in rats (fu,p = 0.479) and monkeys (fu,p = 0.435). 

BID, twice daily; QD, once per day.
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