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Phage

PHGE 1-8

He==5==1]

A16A COther Alimentary Tract And Mstabolism Products;
Anti-anaemic Products

B3X Other

Indication: anemia; cardiovascular disease; endocrine and metabolic
disorders; enzyme deficiency; hematologic dissase; metabolic disease;

thalassemia

Pharmacology: small molecule; metabolism regulator
transferase activator; pyruvate kinase-R activator
activator

enzyms modulator;
pyruvate kinase

-
L4
°
r

Administration: coral
Phase IIXI (50)
Entered STN: 3 Jan 2014

Last Updated on STR: 21 Feb 2020

28 January 2019 : In December 2018 Agios initiated a phase II trial to
evaluate the efficacy, safety, pharmacokinetics and pharmacodynamics of
mitapivat {(AG 248) in adult participants with non-transfusion-dependent
thalassemia. Mitapivat, an orally availabhle, small mclecule activator of
pyruvate kinase-R enzyme, is also under phase III evaluation for pyruvate
kinase deficisncy.

|Stage] Indication

Phage ITI|50

{Phase II1|50 iUnited States
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Phasge |{Phase II |40 ited Statesg|thalassemia

.

A ms cme cm mm mm s s s e e o s e < e mn e o
Phase |{Phase III|50 | UK jenzyme deficiency
mmmmmmm Bt

Phage {Phase II |40

mmmmmmm i S S

Phase |[Phase III|50

——————— ey

Phase |[Phase III|50

mmmmmmmm T T

Phase |{Phase II1|50

_______ o mm mm ams ms nr mn mm mm mm = ams tms tms tme an fh R AR GRS 4ms tRs (AR AR R AR RR R 4ms tms = R R Ma ma Sm Gas Ghs ime mm MR R R ams Ams Ams in mm
Phase |{Phase III|50 {Japan jenzyme deficiency

Phase |(Phase III|50

mmmmmmm M T

Phase |{Phase III1|50

_______ i i

Phase |[Phase III|50

——————— e e e o}

Phase |Phase III|50 iCanada |enzyme deficisncy
_______ o mm mm ams ms nr mn mm mm mm = ams tms tms tme an fh R AR GRS 4ms tRs (AR AR R AR RR R 4ms tms = R R Ma ma Sm Gas Ghs ime mm MR R R ams Ams Ams in mm
Phase |[Phase II |40 [thalassemia
________ - nn cnm mm mm mm mms ams 2ms tme o mm mm mm mms ams o ne cm mm mm mm mns 2ms 2ms me cm cmm mm mm o Sms Sms ms im mn mn mn mns mms 2ms me m mn mn mn s 2
Phase Phame III|50 i Jenzyme deficisncy

S T S
{Phase III|50 iNetherlands |enzvme daficiency
+ + : +

g

f lagios (United
| | |States)
TX Patent Summary: Product (Agics FPharmaceuticals Inc): US8785450 2010,
priority US20090221430F 200%. This patent claims mitapivat specifically.
TX Commerc¢ial Summary: Commercial overview. Overviewhgios is developing

mitapivat {(AG 248}, an orally availsble, smsll molecule activator of
pyruvate kinase-R {PKR) enzvme, for the treatment of pyruvate kinase
deficiency and thalassemia. Mutations in PKR cause defects in red cell
glycolysis and lead to hematologic inborn errors of matsbolism known as
pyruvate kinase deficiency, or PX deficiency that present as hemoclytic
anemia. Mitspivat is in phase III evaluation for pyruvate kinase
deficiency and phase I1 evaluation for thalassemia.Regulatory progress.
**Enzyme deficiency**USAAgios pyruvate kinase deficiency.---Fast Track -
Apr 2017.Agios pyruvate kinase deficiency.---Orphan Drug - Mar 2017.R&D
progress. **Enzyme deficiency**Phase III, "ACTIVATE-T; NCT03555699"
(pyruvate kinase deficiency), Agios, Canada, France, Ireland, Italy,
Netherlands, 8pain, Switzerland, Thailand, UK, USA.---DESIGN: Prial
started - Jun 2018. An open-label, single-group phase III trial to
evaluate the efficacy and safety of AG 348 in regularly transfused adults
with pyruvate kinase deficiency has been initiated. The target enrollment
ig 20 patients. The primary cutcome measure is percentage of patisnts
achieving a reduction in transfusion burden
(ClinicalTrialg.gov).---DESIGN: Estimated Completion Date - May

2021 .Phase I1II, "ACTIVATE; NCT03548220" (pyruvate kinase deficiency),
Agios, Canada, Europe, Japan, South Xorea, USA.---DESIGN: Trial started -
Jun 2018. A randomized, double-blind, parallel-group, placebo-controlled
phase IITI trial to evaluate the efficacy and safety of AG 248 in not
regularly transfused adults with pyruvate kinase deficiency has been
initiated. The target enrcollment is 80 patients. The primary endpoint is
proportion of patients who achiesve at least a 1.5 g/dL increase in
hemoglobin sustained over multiple visits in part 2 of the triasl.
Source-hittp:/ /bit.ly/ Dnw ---DESIGN: Estimated Completion Date - Jan
2021 .Phase II, "DRIVE PX”, Agios, USA.---DESIGN: Trial started - 2015.
Agios has initiated a randomized, multicenter, open-label phase II trial
to evaluate the safety and efficacy of AG 348 in adult,
transfusion-independent patients with pyruvate kinase deficiency.
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Patients (n=50) will be randomized to receive 50 or 300 mg AG 348 twice
daily. The trial will include a six-month dosing period and based on
gafety and clinical aﬂtlv1ty, the treatment can be continued beyond six
months . Source-hity ! v/IKRS:rDR (Agios, JUN 2015).---PROGRESS
Progress update - Jun 2016. As of March 2016, 18 transfusion-independent
patients were treated with twice-daily dosing of AGC 348 for up to nine
months (Agios, JUN 2018).---RESULTS: Clinical data - Jun 2016. AG 348
achieved proof-of-concept in this trial; both doses of the agant
demonstrated clinical activity. Treatment with AG 348 resulted in rapid
and sustained hemoglobin increases of more thanr 1 g/dL in nine of 18
patients ranging from 2.3-4.9 g/dL with a mean maximuxn hemoglobin
increase of 3.4 g/dL. Four patients in the 50 mg group and five patients
in the 300 mg group experiencmd increases of more than 1 g/dL. The median
time to a hemoglobin increase of more than 1 g/dL was 1.9 weeks. No
patients with two non-missense mutations and five patients with one
missense mutation had increases in hemoglobin of more than 1 g/dL.
Pharmacokinetics were favorable and similar to that observed in healthy
volunteers. Pharmacodynamic data d4id not demconstrate a correlation
hetween hemoglobin increases and ATP elevation. AG 348 was well tolerated
and no patients discontinued treatment early. Most adverse events were
mild-to-moderate and transient. The most fregquent adverse events included
nausea, headache, hot flush and insomnia. One patient received a dose
reduction {300 to 50 mg) due to rapidly increasing hemoglcbin. One Grade
2 adverse event of osteoporosis was reported since March 2016 {(this
patient had osteopenia st baseline assgessment). An upward trend in free
testostercne and a dcwnwara trend in estradiol were observed.
Source-http: . e (Agios, JUN 2016).---PROGRESS: FProgress
qua*a - Dec 2016. As of September 2016, 34 patients had been treated and
are included in the safety analysis and 32 patients with at least 3 weeks
of data are included in the efficacy analysis. 17 patients completed the
initial 24-week treatment period. 82% patients (28 of the 34\ had b
splenactomized before entry into the trial. Source-hi T .
~~-~RESULTS: results update ~ Deg 2018. In the 32 patie nts evaluable for
efficacy, the mean baseline Hb was 9.2 g/dL. 15 of 32 total evaluable
patients and 15 of 26 evaluable patients with at least one missense
mutation achieved rapid, robust and sustained hemoglobin increases from
bageline of more than 1.0 g/dL. In patients with more than 1.0 g/dL
hemoglobin increases, the mean maximum hemoglobin increass was 3.6 g/dL
and the madian time to a hemoglobin increase was 1.4 weeks.In patients
with at least one mizssense mutation, 26 were svaluabls out of which 15
showed an inorease in hemoglobin of more than 1.0 g/dL. None of the six
patients with two non-missense mutations showed increases in hemoglobin
of more than 1.0 g/dL. Additional data showed that out of eight AG
348-treatad patients, who had hemoglobin level increases more than 1.0
g/dL, four patients experienced a greater than 50% aVE'aq increase
the rate of metabolism of the PXR pathway Source-ht g ’
~-~-PROGRESS: Progress update - De” 2016. A total of 5” patlents have been
enrolled. Source-http: : o I, "NCT02149966", Agios,
USA.---DESIGN: Trial 5tarted - Jun 2014. Agios has 1n1t1ated a
single-center, randomized, doukle-blind, pla”ekc*c< rolled phase I trial
to assess the safety and tolerability of multiple ascend,ng doses of AG
348 administered to healthy volunteers for 14 days. Evaluaticn of the
safety, pharmacokinetics and pharmacodynamics of AG 348, and asssssment
of e=ect me+abollc biomarkers, are the key objectives of thisg trial.
Scurae- 0 sPpew? (Agiocs, JUN 2014).---PROGRESS: Progress
update - Jun 2015. The trial enrciled healthy volunteers (n=48) who were
randomized to recsive either placsbo or AG 348 (15, 50, 120, 360 or 700C
mg twice daily, or 120 mg once daily) for 14 days (Agios, JUN
2013).~---RESULTS: Clinical data - Jun 2015. 32 of 36 participants in AG
348-treated group completed the trial. The agent was well tolerated, with
most adverse events occcurring in the highest dose group (700 mg), wit

all but one being mild-to-moderats. Two volunteers withdrew from the AG
248-treatad group due to adverse events, including drug eruption (60 mg)
and Grade 3 liver functicn test abnormalities (700 myg), which were
resolved after discontinuation of the treatment. Two voluntesers from 7060
mg AG 348-treated group withdrew consent due to nausea or vomiting. Serum
hormone changes consistent with reversible aromatase inhibition were
ohserved. The agent also showed a favorshle pharmacokinetic profile with
rapid absorption, low-to-moderate variability and a dose-proportional
increase in exposure following multiple doses. A decr=ase in 2,3-DPG
(2,3~41phu<phoely”erate) and an increase in adenosine eryhosrba e (ATP)
in blood was cbserved; a 50% decrease in 2,3-DPG was cobserved with doses
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120 mg and higher, with levels returning back to baseline approzimately
2z h after AG 348 was discontinued. AG 248 at doses 60 mg and higher
showed aoyrox1mately 5u incresase in ATP in blood,
Source-hity R G SrDB (Agios, JUN 2015).Phase I, "NCTOZ108106&%
{(pyruvate klnaae de_A01 nﬁy), Agﬁng, USA. mmmthlGN Trial started - Apr
2014. Agios hasg initiated dosing in a rsndomized, double-blind,
placebo-controlled phase I trial of AG 348 in healthy voluntesrs.
Approximately 48 participants will be enrolled and randomized to receive
a single oral doss of AG 348 or placebo. The primary outcome measures
include safety and tolerability assessment. The secondary outcome
measures include the evsluaticon of pharmacokinetic and pharmacodynamic
relationships of AG 3248 anu cartain nta9011L blomarknlse
uuurcm~“+‘~ wastoy ., aglos.comsphoenix. gk
: {Agios;

APR

2014\0"

PKOGREQ ¢ Progress uy“a - Jun 2u14 [ofe}
in more than half of the planned cohorts. vOl*Ce*thb:jj i“.“ i
(Agios, JUN 2014).---RESULT3: Clinical data - Jun 2014. Treatment
well tolerated. Scurce-hittp://bit.lv/1oPpev? (Agiog, JUN 2014).Clinicals,
Agios, USA.---DESIGN: Trial planned - Aug 2017. Agios plans to initiate a
randomized, placebo-controlled trial with a i: 1 randomization to evalute
AG 348 in the treatment of pyruvate kinase deficiency. The expecte

enroliemnt is approximately 80 to 100 non-transfusion dependent patients.
The primary endpoint of the trial is the proportion of patients who
achieve at least a 1.5 g/4dL increase in hemoglobin. The trial is expected
to initiate in first half 2018 (Agios second gusrter results, AUG
2017).Clinicals, Agios, USA.---DESIGN: Trial planned - Aug 4017, Agios
plans to irnitiate a blngle arm trial to evaluate AG 3248 in aspproximstaly
20 regularly transfused patients with a primary endpoint of reduction in
transfusion burden over six months. The trial is expected to initiate in
first kalf 2018 (Agiosg second guarter results, AUG
2017)Y.**Thalassemia**Phase 1I, "NCT0O3 6%’952", Agics, Canada, UK,
USa, - mDEbIGN. Trial started - Dey 2018. Agices has initiated a phase II
trial to evaluate the efficacy, szafety, pharmacokinetics and
nharmacodvnamlcs of mitapivat in adult participants with
non-transfusion- dmpendeﬂ thalassemia (NTDT). This trial will include a
24-week core period followed by a 2- -year extension period for elAglbln
participants, The enrollment target is 17 psarticipants, who will receive
an initial dose of be 8¢ mg twice daily with one potential dose-lavel
increase to 100 mg twice daily, at the Week-6 visit, based on the
participant’s safety and hemoglobin concentrations. The primary endpoint
is percentage of participants achieving a hemoglobin response

(Clinical¥rials.gov).---DESIGN: Egtimated Completion Date - Dec 2021.
Preclinical, {(pyruvate kinase deficiency), Agios, USA.---DESIGN: Study
started -~ 2013, Preclinical studiss of AG 348 are being conducted {(Agios,

DEC 2013 ,.———RF@JLTS Preclinical data - Dec 2013. In klcod Namples of
patients with pyruvats kinase deficiency-associated hmmolytlc anemis, AG
348 activated a spectrum of pyruvate kinase-R mutant proteins leading to
a normalization of metabolic balance {(Agios, DEC 2013).Company
predictions. Agios - Feb 2019.---Enrollment completion in ACTIVATE-T and
ACTIVATE +trials antici_auwa by vear and 2012
Sourca-http:  /bi : ios - Nov 2017.---Initiation of two global
pivotal t ]alo in pvruva e kinase deficiency anticipated in first half
2018. Source-h J2gaNzivAglios - Nov 2017 .---Updated data from
a phasge II trial (DRIVE PL) in pyruvate kinase deficiency anticipated in
fourth quarter 2017.

13 Jan 2020 RNTE: Zee Company predictions.

DEC 2018 Agios trial started (Phase II), Canada, UK, USA
(thalassemia) .

JUN 2018 Agios trial started (Pbase IIT), Canada, Europe,

Japan, South Korea, USA (snzvme daficienay)
{pyruvate kinase deficiency).

JUN 2018 Agilos trial started (Phase III), Canada, France,
Ireland, Italy, Netherlands, Spain, Switzerland,
Thailand, UK, USA {(enzvme deficiency) (pyruvate
kinase deficiency).

APR 2017 Agios Fast Track, USA {(enzyme deficiency)
(pyruvate kinase deficiency).

MAR 2017 Agios Orphan Drug, USA (enzyme deficiency)
(pyruvate kinase deficiency).

20158 Agios trial started (Phase 11}, USA (enzyme
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deficiency) .

APR 2014 Agios trial started (Phase 1), USA (enzyme
deficiency) {(pyruvate kinase deficiency).

2013 Agios Study started (preaclinical), USA (enzyme
deficiency) (pyruvate kinase deficiency).
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Abstract Submission

27. Thalassemias

EHA-2234

DESIGN OF A PHASE 2, OPEN-LABEL, MULTICENTER STUDY OF MITAPIVAT (AG-348) IN ADULTS WITH
NON-TRANSFUSION-DEPENDENT THALASSEMIA

Katrin Uhlig™", Elliott Vichinsky?, Kevin H. M. Kuo?, D. Mark Layton?, Lei Hua', Chris Mix'

TAgios Phamaceuticals, Inc., Cambridge, 2UCSF Benioff Children’s Hospital Oakland, Oakland, United States, *Toronto
General Hospital, University Health Network, Toronto, Canada, *Hammersmith Hospital, Imperial College Healthcare
NHS Trust, London, United Kingdom

Does the study abide by applicable national and intemational regulations and guidelines, including but not limited to
ethical committees, data protection and privacy regulations, informed consent and off-abel use of drugs?: Yes
Background: The thalassemias are a group of disorders in which mutation(s) in the a- and/or B-globin locus lead to an imbalance
between a- and B-globin production. The disease is characterized by the precipitation of excess o- or B-globin, ineffective
erythropoiesis, and peripheral hemolysis, with resultant anemia. Energy supply in the form of ATP appears to be insufficient in
thalassemic red blood cells (RBCs) to maintain RBC membrane fitness and clearance of globin precipitates. Mitapivat (AG-348) is an
oral, small-molecule, allosteric activator of the RBC-specific form of pyruvate kinase (PK-R). In healthy adults, mitapivat activates
wild-type PK-R and increases ATP levels in RBCs. In adults with a mutant PK-R and non-transfusion-dependent anemia due to
pyruvate kinase deficiency (NCT02476916), oral mitapivat was well tolerated and induced rapid, durable hemoglobin (Hb) increases.
In B-thalassemic mice, mitapivat increases ATP levels, reduces ineffective erythropoiesis, and improves anemia, RBC survival, and
indices of iron overload. These data support the hypothesis that increased ATP synthesis mediated via the activation of PK-R by
mitapivat may improve the survival of thalassemic RBCs in the bone marrow and/or peripheral circulation. A phase 2 study of
mitapivat is ongoing to further inform this hypothesis.

AIms: To report the design of the ongoing phase 2 study of mitapivat in adults with non-transfusion-dependent thalassemia (NTDT).

Methods: This phase 2, multicenter, open-label study (NCT03692052) is evaluating the efficacy, safety, pharmacokinetics, and
pharmacodynamics of mitapivat in adults with NTDT. It consists of a 24-week core period followed by a 2-year extension period
(Figure). Approximately 17 subjects with NTDT will be enrolled, including a minimum of 8 subjects with B-thalassemia. All eligible
subjects will receive an initial mitapivat dose of 50 mg orally twice daily (BID). At the Week 6 visit the dose may be increased to 100
mg orally BID, depending on safety and Hb response. Key inclusion criteria are: 1) B-thalassemia (with or without a-globin gene
mutation), Hb E/B-thalassemia or Hb H discase; 2) baseline Hb <9 g/dL; 3) NTDT defined as <5 units of RBCs transfused in the
preceding 24 weeks and no transfusions in the 8 weeks prior to the first day of study drug); 4) adequate organ function. The primary
endpoint is the proportion of subjects who achieve an Hb response, defined as an increase in Hb of >1.0 g/dL from baseline at any
time between Week 4 and Week 12 (inclusive). Key secondary endpoints include changes in Hb and markers of hemolysis and
hematopoietic activity, and assessments of safety and pharmacokinetics. The study is currently enrolling.

Results: Not yet available.

Image/Pictures:
S S

Extension Fesiod

afety Follov-up

Summary/Conclusion: This is the first study of mitapivat in subjects with NTDT. The study will provide insights into the efficacy,
safety, and pharmacokinetics of PK-R activation in NTDT. Mitapivat may represent a novel therapeutic approach in the management
of anemia in thalassemic syndromes.

Keywords: Clinical trial, Thalassemia
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12/9/2019 Mitapivat (AG-348) in Adults with Pyruvate Kinase Deficiency Who Are Not Regularly Transfused: A Phase 3, Randomized, Multicenter, ...
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101.RED CELLS AND ERYTHROPQIESIS, STRUCTURE AND FUNCTION, METABOLISM, AND
SURVIVAL, EXCLUDING IRON | NOVEMBER 13, 2018

Mitapivat (AG-348) in Adults with Pyruvate Kinase Deficiency Who
Are Not Regularly Transfused: A Phase 3, Randomized, Multicenter,

Double-Blind, Placebo-Controlled Study (ACTIVATE) in Progress

: o - " L = . s Rt nar
Sl { ey Ramanra RWADY DR [T s Y lgeie Ry Af
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Background: Pyruvate kinase (PK) deficiency is an under-recognized hereditary disease that causes

tifelong hemolytic anemia. Mutations in the PKLR gene lead to reduced red cell PK (PK-R) enzyme
activity, resulting in defective glycolysis and decreased iifespan of red bicod cells. Mitapivat (AG-
348) is a novel, first-in-class, oral, smali-molecule allosteric activator of PK-R under clinical testing as
the first targeted, disease-altering therapy for PK deficiency. The DRIVE PK study (NCT02476916; a
phase 2, open-iabel, dose-ranging trial in adults with PK deficiency who are not regularly transfused)
demonstrated that twice-daily (BID) dosing with mitapivat for >6 months was well tolerated and
induced rapid, substantial, and durable responses (Grace et al. ASH 2017). Of 52 enrolled subjects, 26
(50%) had a maximum hemoglobin (Hb) increase of >1 g/dL in the 6-month treatment period. Among
these 26 subjects, the mean maximum Hb increase was 3.4 g/dL, and 25 (96%) had =1 missense
PKLR mutation. Based on these findings, mitapivat has entered phase 3 development in PK
deficiency. The design of the ongoing phase 3 ACTIVATE study and its extension study are reported

here, with an update on country/site activation.

(Methcds: ACTIVATE is a phase 3, multicenter, randomized, double-blind, placeboc-controiled study
\'(NCTO3548220) evaluating the efficacy and safety of mitapivat. Adults with PK deficiency who are

not regularly transfused (24 transfusion episodes in the previous year and no transfusions in the prior

https://ashpublications.org/blood/article-abstract/134/Supplement_1/4791/428618/Mitapivat-AG-348-in-Adults-with-Pyruvate-Kinase?redirectedFrom=f...  1/8
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12/9/2019 Mitapivat (AG-348) in Adults with Pyruvate Kinase Deficiency Who Are Not Regularly Transfused: A Phase 3, Randomized, Multicenter, ...
3 months) will be randomized in a 1:1 ratic to mitapivat (administered oraily, BID) or matched placebo.
Additional criteria include baseline Hb <10.0 g/dL and adequate organ function. Subjects who are
homozygous for the B479H mutation or have 2 non-missense mutations (without the presence of

another missense mutation) in PKLR will be excluded.

The study consists of a screening period of up to 42 days, a 12-week dose optimization period, and a
12-week fixed-dose period (Figure). During the dose optimization period, mitapivat or matched
placebo are titrated up to each subject's individually optimized dose, with an initial dose of 5 mg BID
for all subjects and potentially 2 sequential dose increases (from 5 to 20 mg BID and from 20 to 50
mg BID), depending on safety and Hb change. The primary endpoint is the Hb response, defined as
the proportion of subjects who achieve an increase of 21.5 g/dL in Hb sustained over at least 2 of the
last 3 visits in the fixed-dose period. The average change in Hb during the fixed-dose period is
considered a key secondary endpoint tc further evaluate the magnitude of the treatment effect.
Other secondary efficacy endpoints, such as markers of hemolysis and hematopoietic activity, will be
evaluated to support the efficacy evaluation and confirm the mechanism of action, and safety is
included as a secondary objective and endpoint. Two questionnaires, one specifically designed to
measure the signs and symptoms of PK deficiency and the other designed to evaluate their impact
on patients’ lives, are also inciuded for their validation and to further evaluate the efficacy of the

treatment.

All subjects who complete the study have the opportunity to enroll in an open-label extension study
(NCT03853798) in which all participants will receive mitapivat for up to 192 weeks. An independent
data monitoring committee will review the study data periodically and provide safety oversight. The

ACTIVATE study is currently ongoing.

44

https://ashpublications.org/blood/article-abstract/134/Supplement_1/4791/428618/Mitapivat-AG-348-in-Adults-with-Pyruvate-Kinase?redirectedFrom=f...  2/8
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Disclosures
van Beers:Novartis: Consultancy, Research Funding; Pfizer: Research Funding; RR Mechatronics:

Research Funding; Agios Pharmaceuticals, Inc.: Membership on an entity's Board of Directors or
advisory committees, Research Funding. Judge:Agios: Employment, Equity Ownership. Hua:Agios

Pharmaceuticals, Inc.: Employment, Equity Ownership. Mix:Agios: Employment, Equity Ownership.
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https://ashpublications.org/blood/article-abstract/134/Supplement_1/4791/428618/Mitapivat-AG-348-in-Adults-with-Pyruvate-Kinase?redirectedFrom=f...  3/8
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Figure. ACTIVATE Study Schema

Scresning Part 1: Part 2:
period Dose optimization pericd Fixed-dose period

1:1 Randomizatione slll.lllllllIUIIOI?II‘IIICIlllllll.'llllllll.lllllllI'l'lllllll!!.llllllll""lllll‘.llll!l.]!’
5 mg BID AG-348 1 : /

{n=38)

l Piaceho

l Placebo \ Mock optimized plagebo

{(n=38} piacebo /
i

Upito 42 days 4 weeks 4 wesks 4 waeks 12 weeks

aBtratified by average of screening Hb concenirations (Hb <8.5 g/dL vs Hb 28.6 gidL) and the PKLR gene mutation category
{missense/missanse vs missense/non-missense).

BiD = twice daily.
References
This trial is registered at clinicaltriads.gov HCTO2543220 and NCTO3853798 for the opern-label extension study, and at EudraCT 2017-003823-37 and 2018-00345%-39, respectively

Topic

Red cell enzyme defects

Co-authors
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Tvan Creveldkliniek, University ical Cerber Utrecht, Urniversity of Utrecht Utrecht NETHERLANDS ;
£agios Pharmaceuticals, inc. Cambridge, MA UNITED STATES ;
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Nackground Treatment of PX-deficient patients is generaily Enrclled patients (N=15) were adults, transtusion-
Pyruvate kinase (PK) deficiency is 2 rare hereditary supportive, focusing on the anemia and iren overfoad independent and compound heterozygous or
disorder affacting red blood cell (RBT) glycolysis state, and there are no approved drugs that directly homozygous for mutations in PKLR. Baseline
caused by mutations in the PKLR gene. PX-deficiant target mutatad PK. AG-348 is an allosteric activator of matabolic profiling was performed by LC-MS/MS.

RECs are charact d by changes in metabolism tha RBC isoform of PK (PK-R} and in clinical Purified RBCs from patients and healthy control

associated with defective glycolysis, induding a build- devaiopment for the treatment of PK deficiency. subjects were incubated with AG-348 (up to 10 uM)

up of the upstream metsbolite 2,3- for 24 howrs at 37°C, After 6 and 24 hours PI-R
isphosphoglycerate and deficiency in the PK product Al i d ATP levels were measured. For

ATR It is hypothesized that insufficient energy To avaluate the ex vivo effect of AG-348 treatment on determination of FK-R thermal stability, RBC lysates

production affects red cell homeostasis, promoting PI-R enzymatic function and REC metabolism. ware incubated for 2 hours with 2 1M AG-343

pramature removal of PK-deficient RECs from the (37°C} prior to testing. Baseline protein levels of

circulation. Affected patients dispiay chronic hemolytic Study Dosigs and fdatho PK-R were assessed by MSD-ELISA using

snemia of vanable severity. This is -control study, approved antibodies against PK-R.
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in PX-deficient patiant cells, iHustrated by a mean loss of activity of 72% (19% for control cells) after incubation at 53 °C for 80 minutes. £x vive
348 prior to heat incubation resulted in residual activity 1.4 to >10-fold higher than residual activity of vehicle-treated samples (Figure 5).
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Abstract Submission

27. Enzymopathies, membranopathies and other anemias

EHA-2288

EXVIVO TREATMENT OF RED BLOOD CELLS FROM 15 PYRUVATE KINASE (PK)-DEFICIENT PATIENTS WITH
AG-348, AN ALLOSTERIC ACTIVATOR OF PK-R, INCREASES ENZYMATIC ACTIVITY, PROTEIN STABILITY
AND ATP LEVELS.

Brigitte van Oirschot', Penelope A. Kosinksi?, Jeffrey Hixon?3, Kendall Johnson?, Victor Chubukov?, Lenny Dang?, Gerard
Pasterkamp’, Stephanie van Straaten® 4, Charles Kung?, Richard van Wijk™ '

Clinical Chemistry and Haematology, University Medical Center Utrecht, Utrecht, Netherlands, 2Agios Pharmaceuticals,

Inc., 3KSQ Therapeutics, Cambridge, MA, United States, “Van Creveldkliniek, University Medical Center Utrecht, Utrecht,
Netherlands

Please indicate all of which apply to the presenting author: PhD

Background: Pyruvate kinase (PK) deficiency is a rare hereditary disorder affecting red blood cell (RBC) glycolysis. It is caused by
mutations in the A7/ gene. PK-deficient RBCs are characterized by changes in metabolism associated with defective glycolysis,
including a build-up of the upstream metabolite 2,3-disphosphoglycerate, and deficiency in the PK product ATP. It is hypothesized
that insufficient energy production affects red cell homeostasis, promoting premature removal of PK-deficient RBCs from the
circulation. Affected patients display chronic hemolytic anemia of variable severity. Treatment of PK-deficient patients is generally
supportive, focusing on the anemia and iron overload state, and there are no approved drugs that directly target mutated PK. AG-348
is an allosteric activator of the RBC isoform of PK (PK-R) and in clinical development for the treatment of PK deficiency

Aims: To evaluate the ex vivo effect of AG-348 treatment on PK-R enzymatic function, RBC metabolism and deformability

Methods: Observational case-control study, approved by the Institutional Review Board. All patients gave informed consent.
Enrolled patients (N=15) were adults, transfusion-independent and compound heterozygous or homozygous for mutations in PKZA.
Baseline metabolic profiling was performed by LC-MS/MS. Purified RBCs from patients and healthy control subjects were incubated
with AG-348 (up to 10 uM) for 24 hours at 37°C. After 6 and 24 hours PK-R activity, ATP levels and RBC deformability (by Lorrca)
were measured. For determination of PK-R thermal stability, RBC lysates were incubated for 2 hours with 2 uM AG-348 (37°C) prior
to testing. Baseline protein levels of PK-R were assessed using antibodies against PK-R

Results: Baseline patient characteristics show strongly reduced PK-R activity in all patient cells, in particular taking into account the
degree of reticulocytosis (Table 1). Distinct metabolic changes were consistent with a block of glycolysis at the PK-R step. Treatment
of PK-deficient RBCs with AG-348 resulted in increased enzymatic activity in all patient cells after 24 hours (mean increase 1.8-fold,
range, 1.2-3.4). Similar increases were observed in control cells (mean fold increase 2.3, range, 1.2-7.1). ATP levels in PK-deficient
cells increased upon AG-348 treatment (mean increase 1.5-fold, range: 1.0-2.2) similar to control cells (mean increase 1.6 fold, range,
1.4-1.8). Generally, PK-R thermal stability was strongly reduced in PK-deficient patient cells, illustrated by a mean loss of activity of
72% (19% for control cells) after incubation at 53 °C for 60 minutes. £¥ v/ve treatment with AG-348 prior to incubation resulted in
residual activity 1.4 to >10-fold higher than residual activity of vehicle-treated samples. Baseline protein level analyses suggests that
a certain level of PK-R protein is required for cells to respond to AG-348 treatment ex-v/vo, as treatment effects were minimal in
patient cells with very low or undetectable levels of PK-R. In approximately half of the patients, ex v/vo treatment with AG-348 was
associated with an increase in RBC deformability, although there doesn’t appear to be a clear correlation with enzymatic or metabolic
response

Image/Pictures:
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Table L Baselive characteritics and genutypes of PR-deficient paticnts
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Summary/Conclusion: These data support the hypothesis that drug intervention with AG-348 effectively upregulates PK-R
enzymatic activity and increases stability in PK-deficient RBCs over a broad range of ZPKZA genotypes. The concomitant increase in

ATP levels suggests that glycolytic pathway activity may be restored. AG-348 treatment may represent an attractive way to correct
the underlying pathologies of PK deficiency
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Phase 1 Multiple Ascendmg Dose Stuay
of the Safety, Tolerability and
Pharmacokinetics/Pharmacodynamics of AG-348, a First-in-Class
Allosteric Activator
of Pyruvate Kinase R, in Healthy Subjects

Hua Yang’, Elizabeth Merica, Yue Chent, Marvin Cohen?, Ronald Goldwater?, Hyeryun Kim?, Penelope A Kosinski’,
Charles Kung?, Meredith Goldwasser', Bruce Silver*, Luke Utley, Sam Agresta® Ann Barbier!

IAgios Pharmaceuticals, Cambridge, MA, USA; 2MBC Pharma Solutions, Newtown, PA, USA; *Parexel International, Baltimore,
MD, USA; *Bruce A Silver Clinical Science and Development, Dunkirk
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Disclosures

+ This study was funded by Agios Pharmaceuticals

*Hua Yang, Elizabeth Merica, Yue Chen, Hyeryun Kim, Penelope A
Kosinski, Charles Kung, Meredith Goldwasser, Luke Utley, Sam
Agresta, Ann Barbier: Agios - employees and stockholders

+Marvin Cohen, Bruce Silver: Agios - consultants
+ Ronald Goldwater: Parexel International - employee

+Editorial assistance was provided by Christing Tomlins, PhD, Excel
Scientific Solutions, Horsham, UK, and supported by Agios

\":-:-:~:~:‘:-:~:-
6" Furapean Sympnosium on Rore Anermias - 1¥ uich-Belgion meeting for potients and healh professionals % ‘3“\\\ \
| ’ v o AU ﬂ@\% @

Ex. 2001-1137



+ Pyruvate Kinase (PK) deficiency is a serious, rare,
genetic disease.

+ AG-348 is a PK-R activator intended to correct the
glycolytic pathway defect in patients with PK deficiency

+ Healthy volunteer study has established a safety profile at
pharmacodynamically active doses that may be relevant to
patients with PK deficiency.

+ DRIVE PK, a global phase 2 study in patients, is now open
and enrolling
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AG 348Act|vates PK R W||d Type and Mutant Subtypes ne 04

~ AG-348 activates PK-R wild type and
nearly all mutant enzymes tested

4

S

Folcg Activation with A 348
e

-
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AG-348 Restores the Glycolytic Pathway in Models
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+ 12 placebo treated and 32 of 36 AG-348 treated patients completed study:

- Two withdrew due to AES: Drug eruption (60 mg q12hr), grade 3 liver function
test abnormaltties at the highest dose explored (700 mg q12hr)

- Two withdrew consent due to nausea and vomiting at the highest dose

explored (700 mg q12hr)
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« Drug-related events were grade 1 and 2

+ One grade 3 event at 700 mg q12h (increased LFTs - DLT)
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 Abdominal discomfort 2(17)

AES were graded using National Cancer Institute Common Terminology Criteria, version 4.03
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Mean levels of serum estradiol
Changes in serum and free testosterone in male subjects
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* AG-348 displayed low to moderate pharmacokinetic variability

* Plasma exposure increased dose-proportionally
- At higher doses, exposure at Day 14 was lower than on Day 1
~ AG-348is a moderate inducer of CYP3A4, the main clearance pathway

for AG-348
~100000: Eosue
: \\33 1 4 L AG-348p;sal;;em:§d by
§ i \ AUC,, aftersingle
2 §\ % and multiple oral
~ § % doses
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Dose Dependent Increase in ATP
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Dose Dependent Decrease in 2,3-DPG

+ A~b0% decrease from Baseline was observed with 2120 mq AG-348
The concentration returned to Baseline 72 hours after the final dose
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Screening?  Week | Week 9 Week 20

Week 3

v Most visits are 1-2 hours on average.

v The first and last visits (Screening 1 and Week 24) may be an additional 1 -
2 hours for additional testing.
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6" Eurapenn Symposium on Rore Angemins - 1¥ Dutch-Belfan mesting for petients and health grofessionnls
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* The doctor and nurse will explain the study requirements
and provide an informed consent document

- the doctor and nurse have obligations to make sure that
patients are treated safely during the study

- Patients have an obligation to determine is this the right study
for them

* Patients who sign the consent form will have certain tests
performed to see if they are eligible for the study

~ The doctor and nurse will explain these results and tell the
patient if they can join the study

* The patient makes the final decision about participating
- Discuss this with their family
- Ask any questions to feel more comfortable with their decision
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_DRIVEPK

* The trial has been open in USA since June 2015

* Half of the sites are open for enrollment, with
more coming soon

* For further information, please check
www.clinicaltrials.zov and type in “pyruvate
kinase deficiency” or “NCT02476916" in the

search window

]

E. De Beers (Utrecht)
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+ PK deficiency is a serious hematologic disorder

+ AG-348 is a novel, first-in-class, PK-R activator that is
intended to restore the glycolytic pathway defect in
patients with PK deficiency

* Healthy volunteer study.
- Established a clear range of well tolerated doses over 14 days
and demonstrated maximal PD effects
+ PD data are consistent with preclinical and ex-vivo data
demonstrating:
- Sustained concomitant increases in ATP
- Decreases in 2,3-DPG

- Data overall provide compelling evidence to initiate global
phase 2 study in PK deficiency
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We would like to thank the voluntee

participate in this study and the PK-Defi

' Who agreed to
clency patients who

are participating in the DRIVE PK stu

dy, as well as the

Clinical Site Staff and Investigators

6" Eurapenn Symposium on Rore Angemins - 1¥ Dutch-Belfan mesting for petients and health grofessionnls
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NEW TREATMENTS OF PYRUVATE KINASE DEFICIENCY : A PHASE 1 MULTIPLE ASCENDING DOSE STUDY
OF THE SAFETY, TOLERABILITY, AND PHARMACOKINETICS/PHARMACODYNAMICS OF AG-348, A FIRST-IN-
CLASS ALLOSTERIC ACTIVATOR OF PYRUVATE KINASE-R, IN HEALTHY SUBJECTS

Hua Yang'!, Elizabeth Merica’, Yue Chen’, Marvin Cohen?, Ronald Goldwater®, Hyeryun Kim*, Penelope Kosinski',
Charles Kung', Meredith Goldwasser’, Bruce Silver®, Luke Utley!, Sam Agresta® Ann Barbier’

'Agios Pharmaceuticals, Cambridge, 2MBC Pharma Solutions, Newtown, SPAREXEL, Baltimore, “Bruce A. Silver

Clinical Science and Development, Dunkirk, United States

Background: Pyruvate kinase (PK) deficiency is a rare genetic disorder of metabolism resulting in chronic hemolytic
anemia, with comorbidities including iron overload and multi-organ dysfunction. Approximately 180 mutations in the
PKLRF gene are recognized to cause functional deficiency of the PK-R isoform. Defective glycolysis in red blood cells
leads to increases in the metabolic precursor, 2,3-diphosphoglycerate (2,3-DPG), and deficiency of the product,
adenosine triphosphate (ATP). AG-348 is an oral allosteric activator of both wild type and multiple mutant PK-Rs.
We report here a multiple ascending dose (MAD) trial of AG-348.

Aims: To assess safety, tolerability, and pharmacokinetics/pharmacodynamics (PK/PD) of AG-348 in healthy
volunteers and identify a dosing schedule for future trials in patients with PK deficiency.

Methods: A phase 1, single-center, randomized, double-blind, placebo-controlled MAD study (NCT02149966) was
conducted in healthy men and women (18-60 years) in 6 sequential cohorts (each cohort: n=6 AG-348, n=2 placebo
[P]). Subjects gave informed consent and received oral AG-348 at 15-700 mg twice daily (q12h) or 120 mg once daily
(g24h) for 14 days with follow-up to Day 29. Adverse events (AEs), laboratory parameters, ECGs, and vital signs were
monitored. Plasma AG-348 concentrations and whole blood 2,3-DPG and ATP levels were measured in serial blood
samples for PK/PD assessment. Hormone levels were monitored due to pre-clinical data suggesting potential
modulation.

Results: 48 subjects (42M/6F), mean age 41.5 (range, 25-60) years, enrolled. Final, un-blinded safety data showed
=1 AE in 16/36 (44%) AG-348-treated and 4/12 (33%) P subjects. Treatment-related AEs (=1) were noted in 11/36
(31%) AG-348-treated and 3/12 (25%) P subjects. All treatment-related AEs were mild or moderate in severity (only
one grade 3 event) and often reversible despite continued dosing. The most frequent AG-348-related AEs were
nausea and headache, 5/36 (14%) for each (P: nausea 0/12 [0%]; headache 1/12 [8%]). Gastrointestinal AEs
occurred in AG-348-treated subjects only at the highest dose, 700 mg q12h. One grade 3 AE occurred (AG-348 700
mg ql2h, elevated liver function tests [LFTs], which resolved after treatment discontinuation). There were 4 AG-348
discontinuations: due to AEs in 2 subjects (grade 2 drug eruption, 60 mg q12h; grade 3 elevated LFTs, 700 mg ql2h),
and 2 subjects withdrew consent (both had grade 1/2 nausea and grade 1/1 vomiting; both at 700 mg gq12h). The
highest well-tolerated dose was 360 mg q12h (doses between 360 and 700 mg were not explored). Plasma AG-348
exposure was dose dependent, with low to moderate variability in the PK parameters of AG-348 and its metabolite
AGI-8702. There was a dose-dependent decrease in 2,3-DPG and increase in ATP with the effects plateauing at 360
mg ql2h. Decrease in 2,3-DPG was robust after Dose 1, while the increase in ATP occurred gradually and was
strongly evident at Day 8. Change from baseline in 2,3-DPG and ATP plateaued at ~300 pug/mL (~50% decrease) and
~175 pg/mL (~50% increase), respectively. After final Day 14 dose, 2,3-DPG returned to levels similar to baseline
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between 72 and 120 hours. ATP levels remained elevated through 120 hours post dose (Figure). Details of all un-
blinded data will be presented.
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Summary/Conclusion: AG-348 showed a robust 2,3-DPG/ATP PD glycolytic profile at well-tolerated doses in

healthy volunteers. AG-348 is currently being tested in a phase Il trial in transfusion-independent adult patients with

pyruvate kinase deficiency
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Phase 1 Multiple Ascending Dose Study
of the Safety, Tolerability and
Pharmacokinetics/Pharmacodynamics of
AG-348, a First-in-Class Allosteric Activator
of Pyruvate Kinase R, in Healthy Subjects

Hua Yang', Elizabeth Merica', Yue Chen', Marvin Cohen?,
Ronald Goldwater, Hyeryun Kim', Penelope A Kosinski',
Charles Kung', Meredith Goldwasser', Bruce Silver*, Luke Utley',
Sam Agresta’

"Agios Pharmaceuticals, Cambridge, MA, USA; 2MBC Pharma Solutions,
Newtown, PA, USA; *Parexel International, Baltimore, MD, USA;
*Bruce A Silver Clinical Science and Development, Dunkirk, MD, USA
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Disclosures

v This study was funded by Agios Pharmaceuticals

' Hua Yang, Elizabeth Merica, Yue Chen, Hyeryun Kim, Penelope A
Kosinski, Charles Kung, Meredith Goldwasser, Luke Utley, Sam
Agresta: Agios - employees and stockholders

' Marvin Cohen, Bruce Silver. Agios - consultants
' Ronald Goldwater: Parexel International - employee

» Editorial assistance was provided by Christine Tomlins, PhD, Excel
Scientific Solutions, Horsham, UK, and supported by Agios
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Key Points

' Pyruvate Kinase (PK) deficiency is a serious, rare,
genetic disease.

' AG-348 is a PK-R activator intended to correct the
glycolytic pathway defect in patients with PK deficiency,

' Healthy volunteer study has established a safety profile at
pharmacodynamically active doses that may be relevant to
patients with PK deficiency.

' DRIVE PK, a global phase 2 study in patients, is now open
and enrolling




PK Deficiency is a Severe Red Blood Cell Disease

Disease overview
o \ + Presents atbirth or in childhood with
- severe hemolytic anemia
Description : Py ,
+ Estimated 2,400 patients diagnosed in the
\. J USandEU

Clinical Presentation

Diagnosis/
Treatment

N 1R R R

Sources: ZanellaA et al. Blood Rev 2007;21:217-31; Blood and Bone Marrow Pathology; Wintrobe’s Clinical Hematology;

Physician Interviews: Market Research. ¢

Ex. 2001-1161



Mutant PK-R: ATP Deficiency in Red Blood Cells

Glycolytic Pathway
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AG-348: Allosteric Activator of Wild-Type and Mutant PK-R

PK-R enzyme: active tetramer
AG-348 hinds at the PK-R dimer-cimer interface \

i

Active site

R

Kung C et al. 55" ASH Annual meeting 2013, Abstract 2180 6
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AG-348 Activates PK-R Wild-Type and Mutant Subtypes

AG-348 activates PKR wild typeand
nearly all mutant enzymes tested

Foid Activatiorn with A43-348

Kung C et al. 56" ASH Annual meeting 2014, Abstract 4010 [
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AG-343 Restores the Glycolytic Pathway in Models

PK Deficient 5(
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Multiple Ascending Dose Study Completed

Objective: Establish the safety, tolerability and PD effects of AG-348

e

[ In-patient period

mm\\\\\\\\mmmm\\\\m\\\\mm\\\\mm\

.................................... Dosing _,

Day. -1 1 8 14 19 2
freer b TR

Multiple sample collections for PK/PD evaluation
\ up to 120 hr after last dose

follow-up

29
Final

J

q12hr = twice daily
(24hr = once daily

PK/PD = pharmacokinetic/oharmacodynamic

NCT02149966 o
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Demographics and Disposition

e

%
-

 Age in years, mean (SD)

v 12 placebo treated and 32 of 36 AG-348 treated patients completed stuay:

— Two withdrew due to AEs: Drug eruption (60 mg q12hr), grade 3 liver function
test abnormalities at the highest dose explored (700 mg q12hr)

— Two withdrew consent due to nausea and vomiting at the highest dose
explored (700 mg q12hr)

AE = adverse event: SD = standard deviation 10



AG-348 was well tolerated up to 360 mg oral g12 hr

' Drug-related events were grade 1and 2
' One grade3event at 700 mg q12h (increased LFTs - DLT)

AﬁyA

:'::Abdammai discomfort 2(17) L m

AEs were graded using National Cancer Institute Common Terminology Criteria, version 4.03
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Hormone Changes: Reversible Aromatase Inhibition

* Changes in serum
androgens and
estrogens were
observed

' Most changes remained
within normal reference
ranges for age and sex

v | evels recovered to
baseline

* Endocrine/physiologic
significance to be
evaluated in phase 2
stuay

Mean levels of serum estradiol
and free testosterone in male subjects

Esfradinlipoimty

@ 15mgqi2hr

* Tesostrone,Freepgl

Placebo

- 60mg g12nr
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360mgqt
} 700mg g1
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Pharmacokinetic and
Pharmacodynamic Results

13



Pharmacokinetics

v AG-348 displayed low to moderate pharmacokinetic variability
' Plasma exposure increased dose-proportionally

- At higher doses, exposure at Day 14 was lower than on Day 1

- AG-348 is a moderate inducer of CYP3A4, the main clearance
pathway for AG-348

:,E~1OOOOO-: W Day 1 Exposure to

S i Day 4 ¢ AG-348 measured by
= : T § AUC,, after single
g \\ and multiple oral

AUCO-t = area under the concentration-time curve from 0 to the end of the dosing interval t 14



Dose Dependent Increase in ATP

 A~50% increase from Baseline was observed with 260 mg AG-348
' Levels remained elevated through 120 hours after the final dose

 Dosing period - Placebo

e
o
©
i -
—
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=
n——

St SHE BT SHE "BEPIGH GHUSHE SHp S She )

Day 0 = Baseline value. Day 14 is the final day of dosing

15
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Dose Dependent Decrease

in 2,3-DPG

 A~50% decrease from Baseline was observed with 2120 mg AG-348
' The concentration returned to Baseline 72 hours after the final dose
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Open, global phase 2 study: 14 centers in the US, Canada, and EU

Natural History Study collaboration with Boston Children s Hospital ongoing

17
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Summary and Conclusions

' PK deficiency is a serious hematologic disorder

v AG-348 s a novel, first-in-class, PK-R activator that is
intended to restore the glycolytic pathway defect in
patients with PK deficiency

' Healthy volunteer study:

- Established a clear range of well tolerated doses over 14 days
and demonstrated maximal PD effects

' PD data are consistent with preclinical and ex-vivo data
demonstrating:

- Sustained concomitant increases in ATP
- Decreases in 2.3-DPG

' Data overall provide compelling evidence to initiate global
phase 2 study in PK deficiency

18
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Abstract Submission

26. Red blood cells and Iron - Clinical

EHA-3425

PHASE 1 MULTIPLE ASCENDING DOSE STUDY OF THE SAFETY, TOLERABILITY, AND
PHARMACOKINETICS/PHARMACODYNAMICS OF AG-348, A FIRST-IN-CLASS ALLOSTERIC ACTIVATOR OF
PYRUVATE KINASE-R, IN HEALTHY SUBJECTS

Hua Yang™ ', Elizabeth Merica’, Yue Chen', Marvin Cohen?, Ronald Goldwater®, Hyeryun Kim', Penelope Kosinski’,
Charles Kung', Meredith Goldwasser', Bruce Silver?, Luke Utley'!, Sam Agresta’

'Agics Pharmaceuticals, Cambridge, 2ZMBC Pharma Solutions, Newtown, SPAREXEL, Baltimore, “Bruce A. Silver Clinical
Science and Development, Dunkirk, United States

Please indicate your presentation preference: No Preference

Has the submitted material been published in a joumnal (printed or online)?: No

Has the submitted material been presented or submitted to another event?: Yes

New Information: Complete safety, tolerability and PK/PD data from the MAD study will be presented at EHA 2015, in
comparison to previous presentation at ASH 2014 which comprised the single ascending dose study and preliminary
parts of the MAD study only.

Background: Pyruvate kinase (PK) deficiency is a rare genetic disorder of metabolism resulting in chronic hemolytic
anemia, with comorbidities including iron overload and multi-organ dysfunction. Approximately 180 mutations in the PKLR
gene are recognized to cause functional deficiency of the PK-R isoform. Defective glycolysis in red blood cells leads to
increases in the metabolic precursor, 2,3-diphosphoglycerate (2,3-DPG), and deficiency of the product, adenosine
triphosphate (ATP). AG-348 is an oral allosteric activator of both wild type and multiple mutant PK-Rs. We report here a
multiple ascending dose (MAD) trial of AG-348.

Aims: To assess safety, tolerability, and pharmacokinetics/pharmacodynamics (PK/PD) of AG-348 in healthy volunteers
and identify a dosing schedule for future trials in patients with PK deficiency.

Methods: A phase 1, single-center, randomized, double-blind, placebo-controlled MAD study (NCT02149966) was
conducted in healthy men and women (18-60 years) in 6 sequential cchorts (each cohort: n=6 AG-348, n=2 placebo [P]).
Subjects gave informed consent and received oral AG-348 at 15-700 mg twice daily (g12h) or 120 mg once daily (q24h)
for 14 days with follow-up to Day 29. Adverse events (AEs), laboratory parameters, ECGs, and vital signs were
monitored. Plasma AG-348 concentrations and whole blood 2,3-DPG and ATP levels were measured in serial blood
samples for PK/PD assessment. Hormone levels were monitored due to pre-clinical data suggesting potential modulation.
Results: 48 subjects (42M/6F), mean age 41.5 (range, 25-60) years, enrolled. Final, un-blinded safety data showed 21
AE in 16/36 (44%) AG-348-treated and 4/12 (33%) P subjects. Treatment-related AEs (=1) were noted in 11/36 (31%)
AG-348-treated and 3/12 (25%) P subjects. All treatment-related AEs were mild or moderate in severity (only one grade 3
event) and often reversible despite continued dosing. The most frequent AG-348-related AEs were nausea and
headache, 5/36 (14%) for each (P: nausea 0/12 [0%]; headache 1/12 [8%]). Gastrointestinal AEs occurred in AG-348-
treated subjects only at the highest dose, 700 mg q12h. One grade 3 AE occurred (AG-348 700 mg q12h, elevated liver
function tests [LFTs], which resolved after treatment discontinuation). There were 4 AG-348 discontinuations: due to AEs
in 2 subjects (grade 2 drug eruption, 60 mg q12h; grade 3 elevated LFTs, 700 mg q12h), and 2 subjects withdrew
consent (both had grade 1/2 nausea and grade 1/1 vomiting; both at 700 mg q12h). The highest well-tolerated dose was
360 mg q12h (doses between 360 and 700 mg were not explored). Plasma AG-348 exposure was dose dependent, with
low to moderate variability in the PK parameters of AG-348 and its metabolite AGI-8702. There was a dose-dependent
decrease in 2,3-DPG and increase in ATP with the effects plateauing at 360 mg q12h. Decrease in 2,3-DPG was robust
after Dose 1, while the increase in ATP occurred gradually and was strongly evident at Day 8. Change from baseline in
2,3-DPG and ATP plateaued at ~300 pg/mL (~50% decrease) and ~175 ug/mL (~50% increase), respectively. After final
Day 14 dose, 2,3-DPG returned to levels similar to baseline between 72 and 120 hours. ATP levels remained elevated
through 120 hours post dose (Figure). Details of all un-blinded data will be presented.
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Image/Pictures:

Changs front baseline conceniration-timne profiles of 330G
and ATF in bood following mulipde doses of AG-348
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Summary/Conclusion: AG-348 showed a robust 2,3-DPG/ATP PD glycolytic profile at well-tolerated doses in healthy
volunteers. The results support proceeding with a planned phase 2 trial in patients with PK deficiency.

Keywords: Clinical trial, Pharmacokinetic, Phase |, Safety
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Title: Phase 1 Single- and Multiple-Ascending-Dose Randomized Studies of the Safety, Pharmacokinetics,
and Pharmacodynamics of Mitapivat (AG-348), a First-in-Class Allosteric Activator of Pyruvate Kinase R, in
Healthy Volunteers

Hua Yang*, Elizabeth Merica’, Yue Chen’, Marvin Cohen’, Ronald Goldwater®, Penelope A.Kosinski', Charles Kung', Zheng (Jason) Yuan',
Lee Silverman’, Meredith Goldwasser', Bruce A. Silver’, Sam Agresta’, and Ann J. Barbier'

*[Vice President], ' Agios Pharmaceuticals, Inc., Cambridge, MA, USA; *MBC Pharma Solutions, Newtown, PA, USA; *PAREXEL
International, Baltimore, MD, USA; *Bruce A Silver Clinical Science and Development, Dunkirk, MD, USA.

Abstract

Pyruvate kinase (PK) deficiency is a chronic hemolytic anemia caused by mutations in PK-R, a key glycolytic enzyme in erythrocytes. These 2
phase 1, randomized, placebo-controlled, double-blind, healthy volunteer studies assessed the safety, tolerability, and
pharmacokinetics/pharmacodynamics of mitapivat (AG-348), a first-in-class allosteric PK-R activator. Twelve sequential cohorts were
randomized 2:6 to receive oral placebo or mitapivat, respectively, as a single dose (30-2500 mg) in the single ascending dose (SAD) study
(ClimcalTrials.gov: NCT02108106), or 15-700 mg every 12 hours (q12h), or 120 mg every 24 hours, for 14 days in the multiple ascending dose
(MAD) study (ClinicalTrials.gov: NCT02149966). All 48 subjects completed the fasted SAD part; 44 of 48 completed the MAD (2 discontinued
due to adverse events [AEs], 2 withdrew consent). The most common treatment-related AEs in mitapivat-treated subjects were headache (16.7%
[SAD] and 13.9% [MAD]) and nausea (13.9%, both studies). AE frequency increased at mitapivat doses >700 mg (SAD) and at 700 mg q12h
(MAD); 1 grade >3 AE occurred in the latter cohort. Pharmacokinetics were favorable: linear and with low variability. Dose-dependent changes
in blood glycolytic intermediates consistent with glycolytic pathway activation were observed at all MAD doses, supporting the ongoing phase 2
and 3 trials investigating the potential of mitapivat for treating PK deficiency or other anemias.

Yang et al. Phase 1 Single- and Multiple-Ascending-Dose Randomized Studies of the Safety, Pharmacokinetics, and Pharmacodynamics of AG-
348, a First-in-Class Allosteric Activator of Pyruvate Kinase R, in Healthy Volunteers. Climical Pharmacology in Drug Development 8(2):246. ©
2018, The American College of Clinical Pharmacology. Reproduced with minor edits with permission from John Wiley & Sons In¢. and The
American College of Clinical Pharmacology.
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Phase 1 Single- and Multiple-Ascending-Dose
Randomized Studies of the Safety, Pharmacokinetics,
and Pharmacodynamics of Mitapivat (AG-348), a First-in-
Class Allosteric Activator of Pyruvate Kinase R,
in Healthy Volunteers

Hua Yang', Elizabeth Merica’, Yue Chen', Marvin Cohen?, Ronald Goldwater?,
Penelope A Kosinski', Charles Kung', Zheng (Jason) Yuan', Lee Silverman',
Meredith Goldwasser!, Bruce A. Silver*, Sam Agresta’, and Ann J. Barbier!

"Agios Pharmaceuticals, Inc., Cambriclge, MA, USA: “MBC Pharma Solutions, Newtown, PA, USA; *PAREXEL
International, Baltimore, MD, USA: “Bruce A Silver Clinical Science and Development, Dunkirk, MD, USA

Yang H et al. Clin Pharmacol Drug Dev. 2019,8:246-259.

Presented at the 17" Annual Congress of Intemational Drug Discovery Science and Technology, July 25-27, 2019, Kyoto, Japan 1
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Pyruvate Kinase Deficiency: Overview

Red Blood Cell Disease-?

» Under-recognized hereditary hemolytic anemia
o  Heterogeneous disease with variable severity
Description

among all ages

» Most common form of nonspherocytic hemolytic
anemia

» Caused by mutations in PKLR gene coding for
[ Etiology ] erythrocyte pyruvate kinase R isoform (PK-R)

+ Results in defective glycolysis and decreased red
blood cell lifespan

+ Lifelong hemolytic anemia
[ Disease burden ] * Iron overload and jaundice
+ Infection risk post splenectomy

[ Diagnosis/ + PK-R enzyme activity and genetic testing

Treatment » Supportive treatment. transfusions, splenectomy,
iron chelation

1. Grace RF et al. Am J Hematol 2015;90:825-30; 2. Percy MJ et al. Blood Cefls Mol Dis 2007;39:189-94;
3. Grace RF et al. Blood 2018:131:2183-92.
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Mutant PK-R: ATP Deficiency in Red Blood Cells

Glycolytic Pathway

Wild-type PR-R Mutant PK-R
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ATP, adenosing triphosphate; 1,3-DPG, 1 3-diphospoglycerate; 2,3-DPG, 2,3-diphospoglycerate; 3-PG, 3-phosphoglycerate; mPK-R, mutant
pyruvate kinase-R isoform; PEP, Phosphoenolpyruvate; PK-R; pyruvate kinase-R isoform 3
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Mitapivat is a First-in-Class Allosteric Activator of
Wild-Type and Mutant PK-R

PK-R enzyme: active tetramer
Mitapivat binds at the PK-R dimer-dimer interface'

RN Active site

PK-R; pyruvate kinase-R isoform
1. Kung C et al. Blood 2017,130.1347-36.
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Mitapivat Activates PK-R Wild-Type and Mutant
Subtypes

Mitapivat activates PK-R wild type and

nearly all mutant enzymes tested'~
g

Foldd Activatior with A G348

a8
-3
i
R
4

1. Kung C et al. Blood 2017;130(11):1347-56; 2. Kung C et al. 56th ASH Annual meeting 2014, Poster 4010,
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Mitapivat Restores Glycolytic Pathway Activity

Patient A Patient B Patient C

PK Deficient) es1oqy511R) | (RassWiD390N) [A495VIE241stop) 2 owse

Patient Red 5 ; tapivat
Blood Cell AN T I B

Samples PKR
activity

B Aerivity (VeisEye o AT
P sz

2,3-DPG

o

ATP

2,3-DPG, 2 3-diphospoglycerate; ATP, adenosine triphosphate; DMSO, dimethyl sulfoxide; PK, pyruvate kinase; PK-R; pyruvate kinase-R
0fgIret al. 56" ASH Annual meeting 2014, Abstract 4010
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Phase | Single- and Multiple-Ascending
Dose Randomized Studies

Assessing the safety, tolerability, pharmacokinetics and
pharmacodynamics of mitapivat (AG-348) in healthy subjects

(aged 18-60 years) to inform dose selection and schedule for studies
in patients with pyruvate kinase deficiency

Single dose study: Clinicaltrials.gov NCT02108106; Multiple dose study: Clinicaltrials.gov NCT02149966.



Study designs

» Cohorts: n=8 subjects per cohort (mitapivat n=6; placebo n=2)
' |f safe and tolerable, sequentially escalate dose

Single dose (n=48)

* Treatment: single oral doses of mitapivat on Day 1
— 30 mg, 120 mg, 360 mg, 700 mg*, 1400 mg, 2500 mg

' Multiple PK/PD sample collection from Days -1 to 6

Multiple dose (n=48)

* Treatment: multiple oral mitapivat doses on Days 1 to 14

— 15 mg, 60 mg, 120 mg, 360 mg, 700 mg q12h
- 120 mg g24h

' Multiple PK/PD sample collection from Days -1 10 19

"Food effects following high-fat meal were evaluated in the cohort of patients receiving mitapivat 700 mq dose/placebo after 3-week washout
PD, pharmacodynamics; PK, pharmacokinetics; q12h, every 12 hours; g24h, every 24 hours, 8
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Demographics and Disposition

Single dose Multiple dose
f Placebo (n=12) \ { Placebo (n=12) \
Male: 11 (91.7%) Male: 9 (75.0%)
Age: 36.8 (12.1) years Age: 37.8 (11.4) years
Race: White 5 (41.7%), Black 6 (50%), Race: White 6 (50%), Black 6 (50%)
Asian 1 (8.3%) \BMI: 27.4 2.3) kg/m? y
@IVII: 27.3 (3.3) kg/m? /

( itapivat (n=36) \/ Mitapivat (n=36) A

Male: 36 (100%) Male: 33 (91.7%)

Age: 41.0 (10.6) years Age: 42.8 (12.2) years

Race: White 10 (27.8%), Black 25 (69.4%), | | Race: White 17 (47.2%), Black 18 (50%),
Native Hawaiian/Pacific Islander 1 (2.8%) Asian 1 (2.8%)

\BMI: 26.7 (3.4) kgin? ) \BMI: 265 (2.9) kgin? )
[ Disposition )

Single Dose: All 48 subjects completed the fasted part
Multinle Dose: 44 of 48 completed (2 discontinued because of AES, 2 withdrew consent)

Age and BMI data are mean (SD)
AE, adverse event; BMI, body mass index; PD, pharmacodynamic; PK, pharmacokinetic. 9
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Single Dose Mitapivat: Adverse Event Summary

v Any TEAEs®: 2 (17%) subjects receiving placebo, 4 (22%) receiving <700 mg,
13 (72%) receiving 2700 mg
* No SAEs, grade 23 TEAES or DLTS

Treatment-related AES

{JPlacebo (n=12)
B Mitapivat <700 mg (n=18)
EMitapivat 2700 mg (n

1
—
2

Patients (%)

3Fasted period. During study period 2 (fed), TEAES were reported in 3 of the 5 subjects who received 700 mg of mitapivat (single
incidents of grade 1 abdominal discomfort [considered treatment-related], grade 1 upper abdominal pain, and grade 2 headache)
AEs, adverse events; DLT, dose-limiting toxicity; TEAE, treatment-emergent adverse event.
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Multiple Doses of Mitapivat; Adverse Event
Summary

r Any TEAEs: 4 (33%) subjects receiving placebo, 10 (33%) receiving 15 to 360
mg (q12h/q24h), 6 (100%) receiving 700 mg q12h

' No SAEs

v (Grade 23 TEAE or DLTs: 1 subject receiving 700 mg q12h experienced grade
3 abnormal liver function tests (a DLT)

Treatment-related AES

[1Placebo (n=12)

B Mitapivat 15 to 360 mg q12h or q24h (n=30)
@Miapivat 700 mg q12h (n=6)

60 1

o
[
1

Patients (%)

20 |

AE, adverse event; DLT, dose-limiting toxicity; q12h, every 12 hours; q24h, every 24 hours; TEAE, treatment-emergent adverse event 11
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Single Dose Mitapivat; PK

* Readily absorbed; prolonged absorption at doses 2360 mg

v After peak, decline was multiexponential - steep initial decline but remained
above LLOQ (0.5 ng/mL) up to 72 h postdose

Plasma Mitapivat Concentration Versus Time After Single Dosing
swdmg o 120mg  ee=360mg =e700mg »e=1400mg  =e=2500 mg

250004 .

3
§

i

3

§

:

§

§

:

R o1
'

§

:

3

§

:

3

§

‘
b R
i |
WYY A
3 P
\N\ Lok d
WOy
RS
N
N

10000 48 b \:. :

FPiasma concentration {(ng/mk.}

5000 1
0 .§.\‘\\\ W R B A A N RN
0 30 40 30 6l 70 80
Time ()

Data presented are mean (SD)
LLOQ, lower limit of quantification; PK, pharmacokingtic.

Ex. 2001-1191



Single Dose Mitapivat; PK

' Dose-normalized AUC generally remained constant at different dose levels
suggesting linear PK across the dose levels studied

* Low PK variability

* Unchanged mitapivat in urine was 1.45% to 2.33% with renal clearance of
0.160 to 0.245 L/h; minor role in systemic elimination

* No delay in absorption and no apparent difference in the C, ., AUC,,, or AUC..
between fasting and fed regimens

AUC, area under concentration curve; C__.,, maximal concentration; PK, pharmacokinetic.
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Plasma PK Parameters of Mitapivat after Single
Doses

/ t oy (), median (range) "\ [ t, (h), mean (SD)* \
3 0.77(0.48, 2.00 30 mg 19.3(3.6)

0 mg
120 mg 1.01(0.50, 3.00 120 mg 17.8(3.3)
360 mg 204 (3.6)

360 mg 0.77(0.50, 2.00

700 mg (fed) 2.05(2.02,3.07 700 mg (fed) 136 (44.1)
1400 mg 2.53(1.72,4.03 1400 mg 50.3 (14.9)

( )
( )
( )
00mg  149(058,3.03) 0mg  793(209)
( )
( )
( )

\2500mg 407(048,602) K2500mg HEYEY,
/" CLF (Lh), mean (SD \

30mg 149(3.9)
120 mg 11.2 (4.0
360 mg 13.9(1.5)
700 mg 10.6 (2.9)
700mg (fed) 11.9(2.6)
1400 mg 10.9 (2.6)
13.3(4.4)

\2500 mg ]

N=6 for all doses except 700 mg fed n=5 fort_., and n=3 for t, and CL/F which were not calculated for some subjects as concentration-

time profile did not exhibit a terminal log-linear phase *Duration of sampling (from pre-dose though 72 hours for 30 to 360 mg doses and
through 120 hours for 700 to 2500 mg doses had an impact on assessment of t,, and CL/F
CL/F, apparent clearance; PK, pharmacokinetic; t,,, apparent terminal half-life; t ., ime to maximal concentration
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Multiple Dose Mitapivat: PK

' For doses 2120 mg g12h, exposure on day 14 was lower than day 1

' Mean plasma trough levels increased dose-proportionally, but for doses
2120 mg q12h increase was less the dose-proportional
- At15mg g12h dose, plasma trough levels reached plateau at day 2; steady state achieved at

day 2
- At60 mg q12h dose, plasma trough levels reached plateau later than 15 mg dose; steady state
achieved at day 7
J -
£ + Day1 + Plasma mitapivat exposure after
}::60000“ ¥ Day14 “% single and multiple oral doses
2 “ during the multiple ascending dose
40000 study
0
)
< b
& 20000+ %
2
o |
2 0m§~{x N f‘}? N q‘/Q
VO o {
PR S8 \
%@% @QQ@Q Q@ Q@ Q@Q
ARG {

Data presented as mean (SD). n=6 at each dose level except n=3 for 60 mg q12h and n=3 for 700 mg q12h at Day 14
AUC, _.area under the plasma concentration-versus-time curve from 0 extrapolated to infinity. 15
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Observed Concentrations of ATP and 2,3-DPG
Following Single Dose of Mitapivat

* Minimal increases in ATP blood levels within 24 h of single dosing
* Decreased 2,3-DPG within 3 h over 30 to 2500 mg dose range

- At doses 2360 mg, maximum decreases reached at 24 h postdose
— Mean 2,3-DPG levels back to baseline at ~120 h postdose

400

—
=
<>
Fl
I

B0{ i

> R
addd 9 Iy e
E N
RER AR | i
! Y
300 VR i
L BN AR N S
LS Y
et 4
Ny
b . A
14 XS

o

(&5 ]

<~
]

ATP concentration {(pg/mlL.)

2,3-PDPG concentration {Lug/mil)

200 t I t ! | ! T f T T ¥
0 25 8% 7% 100 125 0 28 7 00 15
Time after dose (hours) Time after dose {hours)
- Placebe - mg - 120mg -e- H0mg - 700mg -+ W00mg -5 2500 mg

Data presented are mean (SD). n=6 for all doses except n=5 at 10 hours for 1400 mg, n=12 for placebo except at 96 and 120 hours
where n=6.
2,3-DPG, 2,3-diphosphaglycerate; ATP, adenosine triphosphate.
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Observed Concentrations of ATP and 2,3-DPG
Following Multiple Dosing of Mitapivat

* Maximum increase in ATP blood levels on day 14 was 60% from
baseline; remained elevated 120 h after last dose
- Increases not dose-proportional above 60 mg ¢12h dose; maximum effect achieved

* Maximum decrease in 2,3-DPG on day 14 was 47%

- Mean 2,3-DPG level reached and plateaued after second dose on day 1; back to
baseline at 72 h post final dose

Lcal
<>
<>

:Dosing period  Dosing period

ATP concentration (pgfmL)

2.3-DPG concentration {wg/ml}

200 A L L S e L L S |
FU 3 5 7 9 111315 1719
ab N
N Day of study & Day of study
-+ Placeho - 15mgq12h - 60 mgqi2h ~ 120mgq2dh -+ 120mgqizh - B0 mgqidh -5 T0mgglzh

onwards for 700mg q12h and n=12 for placebo except on days 1.5 to 14.5 where n= 10 and days 18 and 19 where n=/,

Data presented are mean {30). n=6 for all doses except n=5 from day 3 for 60 mg q12h, n=4 for days 310 11 and n=3 for day 12
2,3-0PG, 2,3-diphosphaglycerate; ATP, adenosine triphosphate.
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Conclusions

* Mitapivat was well tolerated at doses ranging from 15 to 360 mg administered
every 12 hours (q12h) over 14 days
~ Most frequently reported treatment-related AES were headache and nausea
—Although maximum tolerated dose was not met, AEs increased with doses 2700 mg

- Dose-dependent changes in aromatase-dependent hormones were observed in
males in the multiple dose study, consistent with reversible inhibition of human
aromatase

~ Recommended dose for first clinical study was 360 mg q12h
' PK profile was favorable with low variability
' PD changes consistent with increased activity of the glycolytic pathway were
observed for all doses
~ 90% of maximal response reached at 120 mg and 360 mg q12h doses
' PD data are consistent with preclinical and ex vivo data demonstrating:
~ Sustained increases in ATP
— Decreases in 2,3-DPG

* The data overall provided compelling evidence to initiate a global phase 2
study in patients with pyruvate kinase deficiency

AEs, adverse events; ATP, adenosine triphosphate; 2,3-DPG, 2,3-diphospaglycerate; PD, pharmacodynamic; PK, pharmacokinetic;
q12h, every 12 hours 18
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Abstract

Pyruvate kinase deficiency is a chronic hemolytic anemia caused by mutations in PK-R, a key
glycolytic enzyme in erythrocytes, These 2 phase 1 randomized, placebo-controiled, doubie-
bliind heaithy-volunteer studies assessed the safety, tolerability, and
pharmacokinetics/pharmacodynamics of AG-348, a first-in-class allosteric PK-R activator.
Twelve sequential cohorts were randomized 2:6 to receive oral placebo or AG-348,
respectively, as a single dose (30-2500 mg) in the single-ascending-dose (SAD) study
(ClinicaiTrials.gov: NCT02108106) or 15-700 mg every 12 hours or 120 mg every 24 hours, for
14 days in the muitiple-ascending-dose (MAD) study (ClinicalTrials.gov: NCTC2149966). All 48
subjects completed the fasted SAD part; 44 of 48 completed the MAD (2 discontinued
because of adverse events [AEs], 2 withdrew consent). The most common treatment-related
AEs in AG-348-treated subjects were headache (16.7% [SAD] and 13.9% [MAD]) and nausea
(13.9%, both studies). AE frequency increased at AG-348 doses =z 700 mg (SAD) and at 700
mg every 12 hours (MAD); 1 grade 2 3 AE occurred in the latter cohort. Pharmacokinetics
were favorable with low variability. Dose-dependent changes in blood glycolytic
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intermediates consistent with glycolytic pathway activation were observed at all MAD doses,
supporting future trials investigating the potential of AG-348 for treating PK deficiency or
other anemias.
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Application No. Applicant(s)

16/900,610 lyer et al.
Office Action Summary Examiner ArtUnit | AIA (FITF) Status
GEORGE W KOSTURKO 1628 Yes

-- The MAILING DATE of this communication appears on the cover sheet with the corresponderice address --
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTHS FROM THE MAILING
DATE OF THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed after SIX (6) MONTHS from the mailing
date of this communication.

- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.

- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).
Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any earned patent term
adjustment. See 37 CFR 1.704(b).

Status
1) Responsive to communication(s) filed on 08/19/2020.
03 A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filedon
2a)(] This action is FINAL. 2b) ¥ This action is non-final.

3)(J An election was made by the applicant in response to a restriction requirement set forth during the interview
on ; the restriction requirement and election have been incorporated into this action.

4)[0) Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under £x parre Quayte, 1935 C.D. 11,453 O.G. 213.

Disposition of Claims*
5) Claim(s) 1-5,11-12,14-17,22,32,34,36-38 and 44 is/are pending in the application.

5a) Of the above claim(s) _____is/are withdrawn from consideration.
6) (J Claim(s) ____is/are allowed.
7) Claim(s) 1-5,11-12,14-17,22,32,34,36-38 and 44 is/are rejected.
8) [ Claim(s) ____is/are objected to.
9) {J Claim(s) are subject to restriction and/or election requirement
* If any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway program at a

participating intellectual property office for the corresponding application. For more information, please see
http://www.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov.

Application Papers
10)(1] The specification is objected to by the Examiner.
11)[@ The drawing(s) filed on 08/19/2020 is/are: a)l¥] accepted or b){] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).
Priority under 35 U.S.C. § 119

12)[J Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:

a)lJ All b)(J Some**  ¢)[J None of the:
1.[] Certified copies of the priority documents have been received.
2.(J Certified copies of the priority documents have been received in Application No.

3.(0 Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).

** See the attached detailed Office action for a list of the certified copies not received.

Attachment(s)

1) Notice of References Cited (PTO-892) 3) [ Interview Summary (PTO-413)

Paper No(s)/Mail Date
4) ] Other:

2) Information Disclosure Statement(s) (PTO/SB/08a and/or PTO/SB/08b)
Paper No(s)/Mail Date

U.S. Patent and Trademark Office
PTOL-326 (Rev. 11-13) Office Action Summary Part of Paper No./Mail Date 20220708
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Application/Control Number: 16/900,610 Page 2
Art Unit: 1628

DETAILED ACTION
Notice of Pre-AlA or AIA Status
1. The present application, filed on or after March 16, 2013, is being examined
under the first inventor to file provisions of the AlA. Claims 1-5, 11-12, 14-17, 22, 32, 34,
36-38 and 44, filed August 19t 2020 are the subject matter of this Office Action.
Priority
2. Acknowledgement is made of Applicant’s claim to priority to U.S. Provisional
Application 62861600 filed 06/14/2009.
Information Disclosure Statement
3. The information disclosure statement (IDS) submitted on 04/12/2021 is in
compliance with the provisions of 37 CFR 1.97. Accordingly, the information disclosure
statement is being considered by the examiner.
Claim Rejections - 35 USC § 112-Paragraph B

4. The following is a quotation of 35 U.S.C. 112(b):

(b) CONCLUSION.—The specification shall conclude with one or more claims particularly
pointing out and distinctly claiming the subject matter which the inventor or a joint inventor
regards as the invention.

The following is a quotation of 35 U.S.C. 112 (pre-AlA), second paragraph:

The specification shall conclude with one or more claims particularly pointing out and distinctly
claiming the subject matter which the applicant regards as his invention.

5. Claim 17 is rejected under 35 U.S.C. 112(b) or 35 U.S.C. 112 (pre-AlA), second
paragraph, as being indefinite for failing to particularly point out and distinctly claim the
subject matter which the inventor or a joint inventor (or for applications subject to pre-
AIA 35 U.S.C. 112, the applicant), regards as the invention.

6. Claim 14 is directed to the method of treating pyruvate kinase deficiency in a

subject comprising administering to the subject an effective amount of mitapivat or a
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pharmaceutically acceptable salt thereof in the absence of an inducer or inhibitor of
cytochrome P450 3A4/5. Claim 17 is directed to the method of claim 14, wherein the
administering of a CYP3A4/5 inducer or inhibitor, if any, is terminated at a sufficient time
interval prior to the administration of the effective amount of mitapivat or
pharmaceutically acceptable salt thereof such that there is no detectable symptom of a
drug-drug interaction between the mitapivat or a pharmaceutically acceptable salt
thereof and the CYP3A4/5 inducer or inhibitor.
7. There is insufficient antecedent basis for the limitation of “an inducer or inhibitor
of CYP3A4/5” in combination with mitapivat or a pharmaceutically acceptable salt
thereof in claim 17, as the claim from which it depends (claim 14) requires that mitapivat
or a pharmaceutically acceptable salt thereof is administered in the absence of an
inducer or an inhibitor of CYP3A4/5. Accordingly, one of ordinary skill in the art prior to
the time of the invention would not have been reasonably apprised of the metes and
bounds of the subject matter for which Applicant was presently seeking protection.
8.

Claim Rejections - 35 USC § 102
9. In the event the determination of the status of the application as subject to AlA 35
U.S.C. 102 and 103 (or as subject to pre-AlA 35 U.S.C. 102 and 103) is incorrect, any
correction of the statutory basis for the rejection will not be considered a new ground of
rejection if the prior art relied upon, and the rationale supporting the rejection, would be
the same under either status.
10.  The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that

form the basis for the rejections under this section made in this Office action:

A person shall be entitled to a patent unless —
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(a)(1) the claimed invention was patented, described in a printed publication, or in public use,
on sale, or otherwise available to the public before the effective filing date of the claimed
invention.

11.  Claim(s) 14-17 are rejected under 35 U.S.C. 102(a)(1) as being anticipated

by Agresta (W0O2016/201227 published 12/15/2016).

12.  Agresta teaches the method of treating pyruvate kinase deficiency in a subject
comprising administering a therapeutically effective amount of Compound 1 (claims 1-
9). As shown in page 28 of the specification, compound 1 or N-(4-(4-
(cyclopropylmethyl)piperazine-1-carbonyl)phenyl)quinoline-8-sulfonamide corresponds
to the claimed mitapivat. See ([0002] of the instant specification). Administration of said
compound 1 to treat sickle cell disease as well as beta-thalassemia is embraced in the
methodology of Agresta (page 11). As Agresta does not teach that compound 1 is
administered with an inhibitor or alternatively, an inducer of CYP3A4/5, the teachings of
Agresta read on the limitation wherein mitapivat is administered in the absence of an
inhibitor or inducer of CYP3A4/5, which reads on the instant claims.
13.

Claim Rejections - 35 USC § 103
14.  In the event the determination of the status of the application as subject to AIA 35
U.S.C. 102 and 103 (or as subject to pre-AlA 35 U.S.C. 102 and 103) is incorrect, any
correction of the statutory basis for the rejection will not be considered a new ground of
rejection if the prior art relied upon, and the rationale supporting the rejection, would be
the same under either status.
15.  The factual inquiries for establishing a background for determining obviousness

under 35 U.S.C. 103 are summarized as follows:
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1. Determining the scope and contents of the prior art.

2. Ascertaining the differences between the prior art and the claims at issue.

3. Resolving the level of ordinary skill in the pertinent art.

4. Considering objective evidence present in the application indicating
obviousness or nonobviousness.

16. Claim(s) 1-5, 11-12, 22, 32 are rejected under 35 U.S.C. 103 as being

unpatentable over Agresta (W02016/201227 published 12/15/2016) in view of

Ghosal (WO2012/015712 published 02/02/2012).

17. Agresta teaches the method of treating pyruvate kinase deficiency in a subject
comprising administering a therapeutically effective amount of Compound 1 (claims 1-
9). As shown in page 28 of the specification, compound 1 or N-(4-(4-
(cyclopropylmethyl)piperazine-1-carbonyl)phenyl)quinoline-8-sulfonamide corresponds
to the claimed mitapivat. See ([0002] of the instant specification). Administration of said
compound 1 to treat sickle cell disease as well as beta-thalassemia is embraced in the
methodology of Agresta (page 11). Agresta teaches administering mitapivat in a dose
of 50-300 mg, once or twice per day, which reads on the limitation of claims 22 and 32.
18. Agresta further teaches that during administration of mitapivat, the
pharmacokinetic parameters of mitapivat were lower on day 14 compared to that on day
1, suggesting that multiple doses of mitapivat may result in an increase in the rate of
drug metabolism. The decrease in exposure on day 14 is consistent with pre-clinical
data suggesting that mitapivat is a moderate inducer of cytochrome P450 3A4, which is

also the major route of mitapivat’'s metabolic pathway (page 40).
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19.  However, Agresta does not specifically teach the incorporation of an inhibitor of
cytochrome P450 3A4/5 to the mitapivat therapeutic regimen.

20. Ghosal teaches improving the pharmacokinetics of therapeutic compounds that
are metabolized by the cytochrome P450 3A4/5 enzyme by the co-administration of said
therapeutic compound in combination with boceprevir, a CYP3A4/5 inhibitor (abstract,
page 2 lines 10-30, claims 1-2). Concomitant and sequential administration of the
CYP3A4/5 inhibitor with the additional therapeutic is embraced in the methodology of
Ghosal (page 5 lines 5-30). Improvement in increased half-life, AUC between doses
and Cmax are embraced in the methodology of Ghosal (page 11 lines 25-35, page 56).
Regarding the scope of claim 4-5, monitoring the interaction of the therapeutic agent
and boceprevir and adjusting the dose of the CYP3A4/5 inhibitor when administered in
combination with the therapeutic agent in order to arrive at the targeted pharmacokinetic
parameter is embodied within the methodology of Ghosal (page 5 lines 10-20).

21. It would therefore have been prima facie obvious to one of ordinary skill in the art
prior to the time of the invention to administer a CYP3A4/5 inhibitor, such as boceprevir
with mitapivat in order to treat pyruvate kinase disorders, sickle cell anemia or beta
thalassemia in a subject in view of Ghosal. Motivation to incorporate a CYP3A4/5
inhibitor to the mitapivat regimen logically flows from the fact that mitapivat is both
metabolized by and induces cytochrome P450 3A4, resulting in a poor pharmacokinetic
profile in administered subjects . Considering it was known in the art to incorporate the
CYP3A4/5 inhibitor boceprevir to improve the pharmacokinetic profile of therapeutic
agents metabolized by CYP3A4/5, said artisan would have applied the teachings of

Ghosal to the mitapivat regimen of Agresta and readily predicted that incorporation of
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boceprevir to the mitapivat regimen of Agresta would have improved the
pharmacokinetic profile of mitapivat in the administered subject.
22.

23. Claim(s) 34 is rejected under 35 U.S.C. 103 as being unpatentable over the

combination of Agresta (W02016/201227 published 12/15/2016) in view of Ghosal

(WO2012/015712 published 02/02/2012) as applied from claims 1-5, 11-12, 22 and

32 in view of Salituro (US2010/0331307 published 12/30/2010).

24.

25. Asdisclosed above, Agresta and Ghosal teaches the method of administering a
CYP3A4/5 inhibitor, such as boceprevir with mitapivat in order to treat pyruvate kinase
disorders, sickle cell anemia or beta thalassemia in a subject, as mitapivat is both
metabolized by and induces cytochrome P450 3A4, resulting in a poor pharmacokinetic
profile in administered subjects and it was known in the art to incorporate the CYP3A4/5
inhibitor boceprevir to improve the pharmacokinetic profile of therapeutic agents
metabolized by CYP3A4/5.

26. However, the combination of Agresta and Ghosal does not specifically teach
wherein mitapivat is present as the sulfate salt.

27. Salituro teaches compounds of Formula (). Embraced within Formula (1) is
example 78 shown above which corresponds to the claimed mitapivat ([0432]). Salituro
additionally teaches preparation of said compounds of Formula (I} in pharmaceutical
salt formulations. The sulfate counter anion is one of 11 suitable anionic salt formulation

for compounds of Formula (I) ([0174]).
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28. It would therefore have been prima facie obvious to one of ordinary skill in the
art to administer mitapivat as taught by the combination of Agresta and Ghosal, as a
sulfate salt in view of Salituro.

29. MPEP 2143 provides rationale for a conclusion of obviousness including (E):
“Obvious to try”: choosing from a finite number of identified predictable solutions with a
reasonable expectation of success. Considering the sulfate counter anion is one of 11
predictable counter anion salts taught by Salituro to formulate with mitapivat, said
artisan would have readily predicted that administering the sulfate salt formulation of
mitapivat in the regimen of Agresta and Ghosal would have effectively treated the
disclosed disorder.

30.

31. Claim(s) 36-37 and 44 are rejected under 35 U.S.C. 103 as being

unpatentable over the combination of Agresta (W02016/201227 published

12/15/2016) in view of Ghosal (W02012/015712 published 02/02/2012) as applied

from claims 1-5, 11-12, 22 and 32 in view of Synold (US2001/0041706 published

11/15/2001).
32.

33.  Asdisclosed above, Agresta and Ghosal teaches the method of administering a
CYP3A4/5 inhibitor, such as boceprevir with mitapivat in order to treat pyruvate kinase
disorders, sickle cell anemia or beta thalassemia in a subject, as mitapivat is both
metabolized by and induces cytochrome P450 3A4, resulting in a poor pharmacokinetic

profile in administered subjects and it was known in the art to incorporate the CYP3A4/5
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inhibitor boceprevir to improve the pharmacokinetic profile of therapeutic agents
metabolized by CYP3A4/5.

34. However, the combination of Agresta and Ghosal does not specifically teach
employing a mild or moderate CYP3A4/5 inhibitor to improve the pharmacokinetic
profile of mitapivat.

35.  Synold teaches the administration of CYP3A4 inhibitors in order to inhibit the
metabolism of drugs that are actively metabolized by cytochrome P450 enzyme 3A4
(CYP3A4) ([0007]-[0009]). Clotrimazole and erythromycin are taught by Synold as
suitable CYP3A4 inhibitors to employ to improve the metabolism (decrease clearance,
increase AUC) of the therapeutic agent that is metabolized by CYP3A4, either
concurrently or sequentially with said agent ([0016]-[0018], [0029]-[0030]). As evidenced
by paragraphs [0108]-[0109] of the instant specification, erythromycin is taught as a
moderate CYP3A4 inhibitor while clotrimazole is taught as a mild CYP3A4 inhibitor.

36.  Accordingly, one of ordinary skill in the art prior to the time of the invention would
have found it prima facie obvious to substitute the CYP3A4 inhibitor boceprevir in the
regimen of Agresta and Ghosal above, for an alternative CYP3A4 inhibitor such as
erythromycin or clotrimazole in order to arrive at the instantly claimed methodology in
view of Synold. MPEP 2143 provides rationale for a conclusion of obviousness including
(B): Simple substitution of one known element for another to obtain predictable results;
37. Inthe present case, clotrimazole and erythromycin are each taught by Synold as
suitable CYP3A4 inhibitors to employ to improve the metabolism (decrease clearance,
increase AUC) of the therapeutic agent that is metabolized by CYP3A4, either

concurrently or sequentially with said agent ([0016]-[0018], [0029]-[0030]). Thus, said
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artisan would have predicted with a reasonable expected that substitution of CYP3A4
inhibitor boceprevir in the regimen above for clotrimazole or erythromycin, the resulting
combination would have effectively improved the pharmacokinetic profile of mitapivat in
the administered subject.

38.

39. Claim(s) 1, 22, 32 and 38 are rejected under 35 U.S.C. 103 as being

unpatentable over Agresta (W02016/201227 published 12/15/2016) and Jannetta

(US2002/0055495 published 05/09/2002).

40.

41.  Agresta teaches the method of treating pyruvate kinase deficiency in a subject
comprising administering a therapeutically effective amount of Compound 1 (claims 1-
9). As shown in page 28 of the specification, compound 1 or N-(4-(4-
(cyclopropylmethyl)piperazine-1-carbonyl)phenyl)quinoline-8-sulfonamide corresponds
to the claimed mitapivat. See ([0002] of the instant specification). Administration of said
compound 1 to treat sickle cell disease as well as beta-thalassemia is embraced in the
methodology of Agresta (page 11). Agresta teaches a therapeutic range of 10 mg-3000
mg, administered once or twice a day (page 33). Agresta also teaches that 700 mg
doses of mitapivat yields undesirable Grade 1-2 nausea and vomiting in patients (page
41).

42. However, Agresta does not specifically teach incorporating a CYP 3A4/5 inducer
with the mitapivat regimen, such as dexamethasone.

43. Jannetta teaches the CYP3A4 inducer dexamethasone is art-recognized as

relieving nausea, emesis and symptoms associated with it ([0005], [0013], claims 1, 14).
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44.  Therefore, one of ordinary skill in the art prior to the time of the invention would
have found it prima facie obvious to incorporate the anti-emetic dexamethasone to
patient being treated with 700 mg doses of mitapivat in view of Jannetta. Considering
700 mg doses of mitapivat yields undesirable Grade 1-2 nausea and vomiting in
patients as taught by Agresta above, and that the CYP3A4 inducer dexamethasone is
art-recognized as relieving nausea and emesis, said artisan would have readily
predicted that the incorporation of the CYP3A4 inducer dexamethasone to the 700 mg
mitapivat regimen of Agresta would have inhibited emesis in the administered patient.
45.

Double Patenting
46. The nonstatutory double patenting rejection is based on a judicially created
doctrine grounded in public policy (a policy reflected in the statute) so as to prevent the
unjustified or improper timewise extension of the “right to exclude” granted by a patent
and to prevent possible harassment by multiple assignees. A nonstatutory double
patenting rejection is appropriate where the conflicting claims are not identical, but at
least one examined application claim is not patentably distinct from the reference
claim(s) because the examined application claim is either anticipated by, or would have
been obvious over, the reference claim(s). See, e.qg., In re Berg, 140 F.3d 1428, 46
USPQ2d 1226 (Fed. Cir. 1998); In re Goodman, 11 F.3d 1046, 29 USPQ2d 2010 (Fed.
Cir. 1993); In re Longi, 759 F.2d 887, 225 USPQ 645 (Fed. Cir. 1985); In re Van Ornum,
686 F.2d 937, 214 USPQ 761 (CCPA 1982); In re Vogel, 422 F.2d 438, 164 USPQ 619

(CCPA 1970); In re Thorington, 418 F.2d 528, 163 USPQ 644 (CCPA 1969).
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A timely filed terminal disclaimer in compliance with 37 CFR 1.321(c) or 1.321(d)
may be used to overcome an actual or provisional rejection based on nonstatutory
double patenting provided the reference application or patent either is shown to be
commonly owned with the examined application, or claims an invention made as a
result of activities undertaken within the scope of a joint research agreement. See
MPEP § 717.02 for applications subject to examination under the first inventor to file
provisions of the AIA as explained in MPEP § 2159. See MPEP § 2146 et seq. for
applications not subject to examination under the first inventor to file provisions of the
AlA. A terminal disclaimer must be signed in compliance with 37 CFR 1.321(b).

The USPTO Internet website contains terminal disclaimer forms which may be
used. Please visit www.uspto.gov/patent/patents-forms. The filing date of the application
in which the form is filed determines what form (e.g., PTO/SB/25, PTO/SB/26,
PTO/AIA/25, or PTO/AIA/26) should be used. A web-based eTerminal Disclaimer may
be filled out completely online using web-screens. An eTerminal Disclaimer that meets
all requirements is auto-processed and approved immediately upon submission. For
more information about eTerminal Disclaimers, refer to
www.uspto.gov/patents/process/file/efs/guidance/eTD-info-1.jsp.

47. Claim 1,4-5,11-12, 14, 17, 22, 32 are are rejected on the ground of

nonstatutory double patenting as being unpatentable over claim 1-16 of U.S.

Patent No. 11,234,976 in view of over Agresta (W02016/201227 published

12/15/2016) in view of Ghosal (WO2012/015712 published 02/02/2012).

48.

49.
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50. Although the claims at issue are not identical, they are not patentably distinct
from each other because each of the claims are directed to treating pyruvate kinase
deficiency in a subject in need comprising administering mitapivat in the absence of a
CYP 3A4 inducer or inhibitor. The amount of mitapivat and the dosing frequency in the
instant claims overlaps with the amounts embraced in claims 1-16 of U.S. Patent
11,234,976.

51.  However, claims 1-16 of U.S. Patent 11,234,976 do not specifically teach
combining compound 1/mitapivat with an inhibitor of CYP 3A4/5.

52. It is also noted that Agresta further teaches that during administration of
mitapivat/compound 1, the pharmacokinetic parameters of mitapivat were lower on day
14 compared to that on day 1, suggesting that multiple doses of mitapivat may result in
an increase in the rate of drug metabolism. The decrease in exposure on day 14 is
consistent with pre-clinical data suggesting that mitapivat is a moderate inducer of
cytochrome P450 3A4, which is also the major route of mitapivat’'s metabolic pathway
(page 40).

53.  And while Agresta does not specifically teach the incorporation of an inhibitor of
cytochrome P450 3A4/5 to the mitapivat therapeutic regimen, Ghosal teaches improving
the pharmacokinetics of therapeutic compounds that are metabolized by the
cytochrome P450 3A4/5 enzyme by the co-administration of said therapeutic compound
in combination with boceprevir, a CYP3A4/5 inhibitor (abstract, page 2 lines 10-30,
claims 1-2). Concomitant and sequential administration of the CYP3A4/5 inhibitor with
the additional therapeutic is embraced in the methodology of Ghosal (page 5 lines 5-

30). Improvement in increased half-life, AUC between doses and Cmax are embraced
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in the methodology of Ghosal (page 11 lines 25-35, page 56). Regarding the scope of
claim 4-5, monitoring the interaction of the therapeutic agent and boceprevir and
adjusting the dose of the CYP3A4/5 inhibitor when administered in combination with the
therapeutic agent in order to arrive at the targeted pharmacokinetic parameter is
embodied within the methodology of Ghosal (page 5 lines 10-20).
54. It would therefore have been prima facie obvious to one of ordinary skill in the art
prior to the time of the invention to administer a CYP3A4/5 inhibitor, such as boceprevir
with mitapivat into the pyruvate kinase disorder treating regimen of claims 1-16 of U.S.
Patent 11,234,976 in view of Agresta and Ghosal. Motivation to incorporate a
CYPG3AA4/5 inhibitor to the mitapivat regimen of U.S. Patent 11,234,976 flows logically
from the fact that mitapivat is both metabolized by and induces cytochrome P450 3A4,
resulting in a poor pharmacokinetic profile in administered subjects and it was known in
the art to incorporate the CYP3A4/5 inhibitor boceprevir to improve the pharmacokinetic
profile of therapeutic agents metabolized by CYP3A4/5. As such, said artisan would
have applied the teachings of Ghosal and Agresta to the mitapivat regimen of U.S.
Patent 11,234,976 and readily predicted that incorporation of boceprevir to the mitapivat
regimen would have improved the pharmacokinetic profile of mitapivat in the
administered subject.
55.

Conclusion

56. In view of the rejections set forth above, no claim is allowed.
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57.  Any inquiry concerning this communication or earlier communications from the
examiner should be directed to GEORGE W KOSTURKO whose telephone number is
(671)270-5903. The examiner can normally be reached M-F 9:00-5:30.

Examiner interviews are available via telephone, in-person, and video
conferencing using a USPTO supplied web-based collaboration tool. To schedule an
interview, applicant is encouraged to use the USPTO Automated Interview Request
(AIR) at http://www.uspto.gov/interviewpractice.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Winston Shen can be reached on 571-272-3157. The fax phone number for
the organization where this application or proceeding is assigned is 571-273-8300.

Information regarding the status of published or unpublished applications may be
obtained from Patent Center. Unpublished application information in Patent Center is
available to registered users. To file and manage patent submissions in Patent Center,
visit: https://patentcenter.uspto.gov. Visit https://www.uspto.gov/patents/apply/patent-
center for more information about Patent Center and
https://www.uspto.gov/patents/docx for information about filing in DOCX format. For
additional questions, contact the Electronic Business Center (EBC) at 866-217-9197
(toll-free). If you would like assistance from a USPTO Customer Service
Representative, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

/G.W.K/
Examiner, Art Unit 1628

58. /THEODORE R. HOWELL/
Primary Examiner, Art Unit 1628
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Docket No.: 128748-01502
(PATENT)

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Utility Application of:
Varsha Venkatachalam Iyer et al.

Application No.: 16/900,610 Confirmation No.: 1054
Filed: June 12, 2020 Art Unit: 1628

For: MITAPIVAT THERAPY AND MODULATORS  Examiner: George W. Kosturko
OF CYTOCHROME P450

MS Amendment
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

AMENDMENT IN RESPONSE TO NON-FINAL OFFICE ACTION UNDER 37 C.F.R. § 1.111

This response, along with a request for one-month extension of time, is filed in reply to the
Office Action mailed July 18, 2022. Please amend the above-identified U.S. patent application as

follows:

Amendments to the Claims are reflected in the listing of claims which begins on page 2 of

this paper.

Remarks begin on page 4 of this paper.
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Application No. 16/900,610 Docket No.: 128748-01502
Response to Non-Final Office Action mailed July 18, 2022

AMENDMENTS TO THE CLAIMS

11-46. (Cancelled)
47. (New) A method of treating hemolytic anemia in a subject, comprising administering to the
subject about 10 mg/day, about 40 mg/day, or about 50 mg/day of mitapivat and a moderate inducer

of cytochrome P450 3A4/5 (CYP3A4/5).

48. (New) The method of claim 47, wherein the subject is administered about 10 mg/day of

mitapivat.

49. (New) The method of claim 48, wherein the subject is administered about 5 mg of mitapivat

twice per day.

50. (New) The method of claim 47, wherein the subject is administered about 40 mg/day of

mitapivat.

51. (New) The method of claim 50, wherein the subject is administered about 20 mg of

mitapivat twice per day.

52. (New) The method of claim 47, wherein the subject is administered about 50 mg/day of

mitapivat.

53. (New) The method of claim 52, wherein the subject is administered about 50 mg of

mitapivat once per day.

MEL1 42589612v.1
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Application No. 16/900,610 Docket No.: 128748-01502
Response to Non-Final Office Action mailed July 18, 2022

51. (New) The method of claim 47, wherein the mitapivat is orally administered as part of a

tablet composition.

52. (New) The method of claim 49, wherein the mitapivat is orally administered as part of a

tablet composition.

53. (New) The method of claim 51, wherein the mitapivat is orally administered as part of a

tablet composition.

54. (New) The method of claim 53, wherein the mitapivat is orally administered as part of a

tablet composition.

55. (New) The method of claim 51, wherein the tablet composition further comprises

microcrystalline cellulose, mannitol, croscarmellose sodium, and sodium stearyl fumarate.

56. (New) The method of claim 52, wherein the tablet composition further comprises

microcrystalline cellulose, mannitol, croscarmellose sodium, and sodium stearyl fumarate.

57. (New) The method of claim 53, wherein the tablet composition further comprises

microcrystalline cellulose, mannitol, croscarmellose sodium, and sodium stearyl fumarate.

58. (New) The method of claim 54, wherein the tablet composition further comprises

microcrystalline cellulose, mannitol, croscarmellose sodium, and sodium stearyl fumarate.

MEL1 42589612v.1
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Application No. 16/900,610 Docket No.: 128748-01502
Response to Non-Final Office Action mailed July 18, 2022

REMARKS

I. Status of Claims

Prior to the entry of the instant amendments, claims 1-5, 11-12, 14-17, 22, 32, 34, 36-38, and
44 were pending in this application. Claims 1-5, 11-12, 14-17, 22, 32, 34, 36-38, and 44 have been
cancelled without prejudice. Claims 47-58 are new. Support for new claims 47, 48, 50, and 52 can
be found, at least, for example, on page 3, lines 6-9, page 17, lines 9-1, 13-14, and 24-26, page 32,
line 26, original claim 36, and throughout the specification as filed. Support for new claims 49, 51,
and 53 can be found, at least, for example, on page 19, lines 13-15; page 19, lines 18-20; and page
17, lines 24-26, respectively. Support for new claims 51-58, can be found, at least, for example, on
page 13, lines 4-9. Thus, upon entry of these amendments, claims 47-55 will be pending in this
application.

The amendments to the claims were made solely in the interest of expediting prosecution of
the instant application. No new matter has been added. Applicants reserve the right to pursue the

claims as originally filed in this or a separate application(s).
II. 35 U.S.C. §112 — Indefiniteness

Claim 17 has been rejected under 35 U.S.C. 112(b), for allegedly being indefinite for failing
to particularly point out and distinctly claim the subject matter. See Office Action, pages 2-3. Claim
17, however, has been cancelled without prejudice. Reconsideration and withdrawal of this rejection

is respectfully requested.
III. 35 U.S.C. §102 — Novelty

Claims 14-17 have been rejected under 35 U.S.C. § 102(a)(1), as allegedly anticipated by
International Patent Publication No. WO 2016201227 (hereafter referred to as “Agresta”). See
Office Action, pages 3-4. Applicant respectfully disagrees. However, to facilitate prosecution,
claims 14-17 have been cancelled and new claims 47-56 require administration of a moderate
CYP3A4/5 inducer. As noted by the Examiner, Agresta does not disclose administration with
inhibitors or inducers of CYP3A4/5. Thus, Agresta fails to teach or disclose all elements of the

4
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instant claims. Accordingly, the pending claims are novel. Reconsideration and withdrawal of this

rejection is respectfully requested.
IV.35 U.S.C. § 103(a) — Obviousness

A. Standard of Review

Procedurally, the USPTO bears the initial burden of establishing a prima facie case of
obviousness. MPEP § 2142. To establish a prima facie case of obviousness within the meaning of §
103(a), it is necessary to establish that “a person of ordinary skill at the time of the invention would
have selected and combined those prior art elements [relied upon to support the rejection] in the
normal course of research and development to yield the claimed invention.” Unigene Laboratories,
Inc. v. Apotex, Inc., 655 F.3d 1352, 1360 (Fed. Cir. 2011). That is, an Examiner must step back in
time and into the shoes of the hypothetical person of one of ordinary skill in the art when the
invention was unknown and just before it was made. MPEP § 2142.

In doing so, it is important to “identify a reason that would have prompted [one of skill in
the art] to combine the elements in the way the claimed new invention does.” See KSR Int’l Co. v.
Teleflex Inc., 550 U.S. 398 (2007). Extending that decision, the Federal Circuit has stated that it
remains necessary in an obviousness rejection to (1) “articulate a reason why a PHOSITA would
combine the prior art references”; (2) have an adequate evidentiary basis for that finding; and (3)
provide a “satisfactory explanation” for the motivation finding that includes an express and
“rational” connection with the evidence presented. See, In re NuVasive, Inc., 842 F.3d 1376 (2016).

Here, based on the prior art relied in the present Office Action, one of skill in the art would

not have had the requisite motivation to arrive at the pending claims.

B. Agresta in view of Ghosal

Prior pending claims 1-5, 11-12, 22, and 32 were rejected under 35 U.S.C. § 103(a), for
allegedly being obvious in view of Agresta in combination with International Patent Publication No.
WO 2012015712 (hereafter referred to as “Ghosal”). See Office Action, pages 5-7. The Examiner
relies on Agresta for allegedly teaching that mitapivit induces CYP3A4/5, which has been found to

metabolize mitapivit and therefore lead to reduced exposure. See id at 5. Because, however, Agresta

MEL1 42589612v.1
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fails to specifically describe the addition of a CYP3A4/5 to mitigate this effect, the Examiner relies
on Ghosal, who allegedly shows that adding CYP3A4/5 inhibitors in combination with drugs that
are metabolized by CYP3A4/5 improve the drugs pharmacokinetics. See id at 6. From this, the
Examiner contends that one of skill in the art would have been motivated to include a CYP3A4/5
inhibitor as part of the treatment regimen with mitapivit. Applicant disagrees.

However, to facilitate prosecution, the pending claims are no longer directed to
administering an inhibitor of CYP3A4/5 with mitapivit, but rather a CYP3A4/5 inducer. One of
skill in the art armed with Agresta and Ghosal would rnot have been motivated to administer an
inducer of CYP3A4/5 with mitapivit because, as the Examiner contends, doing so would have
decreased exposure and led to an overall reduction in the pharmacokinetics of the drug. Indeed, this
would be the opposite of what Ghosal is trying to prevent by adding an CYP3A4/5 inhibitor.

A prima facie case of obviousness does not exist over the combination of Agresta and

Ghosal. Reconsideration and withdrawal of this rejection is respectfully requested.

C. Agresta in view of Ghosal and Salituro

Claim 34 has been rejected under 35 U.S.C. § 103(a), for allegedly being obvious in view of
Agresta in combination with Ghosal in further combination with U.S. Patent Publication US
2010/0331307 (hereafter referred to as “Salituro”). See Office Action, pages 7-8. Applicant
disagrees. Nonetheless, to expedite prosecution, the pending claims now require administering a
moderate inducer of cytochrome P450 3A4/5 (CYP3A4/5). As discussed above, the combination of
Agresta and Ghosal do not motivate one of skill in the art to administer an inducer of CYP3A4/5,
much less with the specific amounts of mitapivit claimed, and Salituro fails to remedy this lack of

motivation. Reconsideration and withdrawal of this rejection is respectfully requested.

D. Agresta in view of Ghosal and Synold

Claims 36-37 and 44 have been rejected under 35 U.S.C. § 103(a), for allegedly being
obvious in view of Agresta in combination with Ghosal in further combination with U.S. Patent
Publication US 2001/0041706 (hereafter referred to as “Synold”). See Office Action, pages 8-10.

Applicant disagrees for the reasons, above, i.e., Synold, like Salituro, fails to motivate one of skill in

MEL1 42589612v.1
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the art to administer an inducer of CYP3A4/5 when read in combination with Agresta and Ghosal.
As such, a prima facie case of obviousness is not established based on this combination fo

references. Reconsideration and withdrawal of this rejection is respectfully requested.

E. Agresta in view of Jannetta

Claims 1, 22, 32, and 38 have been rejected under 35 U.S.C. § 103(a), for allegedly being
obvious in view of Agresta in combination with U.S. Patent Publication US 2002/0055495
(hereafter referred to as “Jannetta”). See Office Action, pages 10-11. Agresta is discussed above,
and because Agresta does not teach the use of a CYP3A4/5 inducer, the Examiner relies on Jannetta
to allegedly show that dexamethasone is an art recognized inducer of CYP3A4/5 which can be used
to treat nausea and associate symptoms. See id at 10. From this, the Examiner contends that it would
have been obvious to administer dexamethasone with mitaptivit at higher dosages of 700 mg to
reduce nausea and emesis. See id. Applicant disagrees.

Reiterated form above, a prima facie case requires (1) an articulated reason why a one of
skill in the art would combine the prior art references; (2) have an adequate evidentiary basis for
that finding; and (3) provide a “satisfactory explanation” for the motivation finding that includes an
express and “rational” connection with the evidence presented. See, In re NuVasive, Inc., 842 F.3d
1376 (2016). It was argued on page 5 of the Office Action that because Agresta allegedly teaches
mitapivit is metabolized by CYP3A4/5, which therefore leads to reduced efficacy, that one of skill
in the art would have found it obvious to administer a CYP3A4/5 inhibitor. This alleged teaching,
however, has been ignored in this part of the rejection. Specifically, there is no evidence or
explanation provided to support a reason why one of skill in the art would have considered Jannetta
in the first place when Agresta states that mitapivit is metabolized by CYP3A4/5. The combination
of mitapivit with a CYP3A4/5 does not flow logically from the references cited. For this reason
alone, a prima facie case does not exist over Agresta and Jannetta.

Hypothetically, for arguments sake, even if one of skill in the art were to ignore the
teachings of Agresta, the Examiner relies on Agresta’s teaching that high dosages of mitapivit (e.g,
700 mg) leads to undesirable effects such as nausea and vomiting which could allegedly be
mitigated by the CYP3A4/5 inducer, dexamethasone, of Janetta. First, Applicant claims are directed

7
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to mitapivat dosages of about 10 mg/day, about 40 mg/day, or about 50 mg/day, not 700 mg.
Agresta does not evidence that nausea and vomiting effects would occur at these lower dosages.
Therefore, the allegations relating to dexamethasone effects does not apply to the pending claims.
Next, dexamethasone is strong inducer of CYP3A4/5, whereas the pending claims required the use
of a moderate CYP3A4/5 inducer. Similarly, there is no evidence of record to support that a
moderate CYP3A4/5 inducer would have the same anti-nausea and anti-vomiting effects relied upon
in the present rejection.

For at least these reasons, a prima facie case of obviousness does not exist. Reconsideration

and withdrawal of this rejection is respectfully requested.

V. Double Patenting

Claims 1, 4-5, 11-12, 14, 17, 22, and 32 have been provisionally rejected under the judicially
created doctrine of obviousness-type double patenting as being unpatentable over claims 1-16 of
U.S. Patent No. 11,234,976 in view of Agresta and Ghosal. See Office Action at 11-14. Applicant
disagrees.

An obvious-type double patenting analysis double patenting rejection is based on the claims,
not the teachings in the prior art specifications or references. The Federal Circuit has made it clear
that “[t]he focus of the obviousness-type double patenting doctrine ... rests on preventing a patentee
from claiming an obvious variant of what it has previously claimed, not what it has previously
disclosed.” See Eli Lilly & Co. v. Teva Parenteral Medicines, Inc., Nos. 11-1561, -1562 (Fed. Cir.
Aug. 24, 2012). The “earlier patent’s written description considered only to the extent necessary to
construe its claims.” See id. This is further stated in the examination guidelines in MPEP §
804(1I)(B)(2)(a) where it states “when considering whether the invention defined in a claim of an
application would have been an obvious variation of the invention defined in the claim of a patent or
copending application, the disclosure of the patent [or reference] may not be used as prior art.”
Rather, the specification may be used a dictionary to construe terms or to assist in claim support.

Here, that is not the case. The present double patenting analysis is based on allegations
stemming from the teaching of not one, but multiple prior art references. This is not proper and the

rejection cannot stand.

MEL1 42589612v.1
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Furthermore, the present double patenting rejection is predicated on the administration of a
CYP3A4/5 inhibitor, not a CYP3A4/5 inducer to which the present claims are now drawn.
Therefore, for the reason expressed above in the § 103 section, the pending claims are distinguished
from Agresta and Ghosal. Reconsideration and withdrawal of this rejection is respectfully

requested.
V1.  Final Comments

Favorable reconsideration of the present application and timely allowance of the pending
claims is respectfully requested. If a telephone conversation with Applicant’s attorney would help
expedite the prosecution of the above-identified application, the Examiner is respectfully invited to
call the undersigned attorney at (617) 449-6585. Please charge any deficiency in the fees related to
the filing of this paper to our Deposit Account No. 50-4876, under Order No. 128748-01502.

Dated: November 18, 2022 Respectfully submitted,

By_/Andrew R. Ehle/
Andrew R. Ehle

Registration No.: 78,384
MCCARTER & ENGLISH, LLP
265 Franklin Street
Boston, Massachusetts 02110
(617) 449-6590
(617) 607-9200 (Fax)
Attorney/Agent For Applicant
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Ex. 2001-1271



Electronic Patent Application Fee Transmittal

Application Number: 16900610

Filing Date: 12-Jun-2020

Title of Invention: MITAPIVAT THERAPY AND MODULATORS OF CYTOCHROME P450
First Named Inventor/Applicant Name: Varsha Venkatachalam lyer

Filer: Andrew Ehle/Michelle Lombardo

Attorney Docket Number: 128748-01502

Filed as Large Entity

Filing Fees for Utility under 35 USC 111(a)

Description Fee Code

Quantity

Amount

Sub-Total in
UsD($)

Basic Filing:

Pages:

Claims:

Miscellaneous-Filing:

Petition:

Patent-Appeals-and-Interference:

Post-Allowance-and-Post-Issuance:

Extension-of-Time:

Ex. 2001-1272




.. . Sub-Total in
Description Fee Code Quantity Amount USD($)
Extension - 1 month with $0 paid 1251 1 220 220
Miscellaneous:
Total in USD ($) 220

Ex. 2001-1273




UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. |  CONFIRMATION NO. |
16/900,610 06/12/2020 Varsha Venkatachalam Iyer 128748-01502 1054
190109 7590 . 02/07/2023 | EXAMINER |
McCarter & English / Agios Pharmaceuticals
265 Franklin Street KOSTURKO, GEORGE W
Boston, MA 02110
| ART UNIT | PAPER NUMBER |
1628
| NOTIFICATION DATE | DELIVERY MODE |
02/07/2023 ELECTRONIC

Please find below and/or attached an Office communication concerning this application or proceeding.
The time period for reply, if any, is set in the attached communication.

Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the
following e-mail address(es):

docket@ mccarter.com

PTOL-90A (Rev. 04/07)

Ex. 2001-1274



Application No. Applicant(s)

16/900,610 lyer et al.
Office Action Summary Examiner ArtUnit | AIA (FITF) Status
GEORGE W KOSTURKO 1628 Yes

-- The MAILING DATE of this communication appears on the cover sheet with the corresponderice address --
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTHS FROM THE MAILING
DATE OF THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed after SIX (6) MONTHS from the mailing
date of this communication.

- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.

- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).
Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any earned patent term
adjustment. See 37 CFR 1.704(b).

Status
1) Responsive to communication(s) filed on 11/18/2022.
03 A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filedon
2a)lv] This action is FINAL. 2b) [J This action is non-final.

3)(J An election was made by the applicant in response to a restriction requirement set forth during the interview
on ; the restriction requirement and election have been incorporated into this action.

4)[0) Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under £x parre Quayte, 1935 C.D. 11,453 O.G. 213.

Disposition of Claims*
5) Claim(s) 47-58 is/are pending in the application.

5a) Of the above claim(s) _____is/are withdrawn from consideration.
6) (J Claim(s) ____is/are allowed.
7) Claim(s) 47-58 is/are rejected.
8) [ Claim(s) ____is/are objected to.
9) {J Claim(s) are subject to restriction and/or election requirement
* If any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway program at a

participating intellectual property office for the corresponding application. For more information, please see
http://www.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov.

Application Papers
10)(1] The specification is objected to by the Examiner.
11)[@ The drawing(s) filed on 08/19/2020 is/are: a)l¥] accepted or b){] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).
Priority under 35 U.S.C. § 119

12)[J Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:

a)lJ All b)(J Some**  ¢)[J None of the:
1.[] Certified copies of the priority documents have been received.
2.(J Certified copies of the priority documents have been received in Application No.

3.(0 Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).

** See the attached detailed Office action for a list of the certified copies not received.

Attachment(s)
1) Notice of References Cited (PTO-892) 3) [ Interview Summary (PTO-413)
. . Paper No(s)/Mail Date
2) [ Information Disclosure Statement(s) (PTO/SB/08a and/or PTO/SB/08b) 4) (] Other:
Paper No(s)/Mail Date I—
U.S. Patent and Trademark Office
PTOL-326 (Rev. 11-13) Office Action Summary Part of Paper No./Mail Date 20230120

Ex. 2001-1275




Application/Control Number: 16/900,610 Page 2
Art Unit: 1628

DETAILED ACTION
Notice of Pre-AIA or AIA Status
1. The present application, filed on or after March 16, 2013, is being examined
under the first inventor to file provisions of the AIA. Claims 47-58 filed November 18t
2022 are currently pending.
2.
Response to Amendment
3. Applicant’'s amendments, file 11/18/2022 are acknowledged. Claims 11-46 have
been canceled in their entirety. New claim 47 is directed to the treatment of hemolytic
anemia in a subject comprising administering to the subject about 10 mg/day, about 40
mg/day or about 50 mg/day mitapivat and a moderate inducer of cytochrome P450
3A4/5.
4. Applicant's arguments, filed 11/18/2022 have been fully considered. Rejections
and/or objections not reiterated from the previous Office Action are hereby withdrawn.
The following rejections and/or objections are either reiterated or newly applied. They
constitute the complete set of rejections and objections presently being applied to the
instant application.
5.
Claim Rejections - 35 USC § 112-Paragraph D

6. The following is a quotation of 35 U.S.C. 112(d):
(d) REFERENCE IN DEPENDENT FORMS.—Subject to subsection (e), a claim in dependent
form shall contain a reference to a claim previously set forth and then specify a further
limitation of the subject matter claimed. A claim in dependent form shall be construed to
incorporate by reference all the limitations of the claim to which it refers.

The following is a quotation of pre-AlA 35 U.S.C. 112, fourth paragraph:
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Subject to the following paragraph [i.e., the fifth paragraph of pre-AlA 35 U.S.C. 112], a claim
in dependent form shall contain a reference to a claim previously set forth and then specify a
further limitation of the subject matter claimed. A claim in dependent form shall be construed
to incorporate by reference all the limitations of the claim to which it refers.

7. Claims 53-54 are rejected under 35 U.S.C. 112(d) or pre-AlA 35 U.S.C. 112, 4th
paragraph, as being of improper dependent form for failing to further limit the subject
matter of the claim upon which it depends, or for failing to include all the limitations of
the claim upon which it depends.
8. Claims 53-54 depend upon claim 51 and are directed to wherein the mitapivat is
orally administered as part of a tablet composition. Claim 51 is directed to the method of
claim 47 wherein the mitapivat is orally administered as part of a tablet composition.
The scope of claims 53-54 fail to further limit the scope of claim 51 as claim 51 already
requires the administration of mitapivat in tablet form. Applicant may cancel the
claim(s), amend the claim(s) to place the claim(s) in proper dependent form, rewrite the
claim(s) in independent form, or present a sufficient showing that the dependent
claim(s) complies with the statutory requirements.
9.

Claim Rejections - 35 USC § 103
10. In the event the determination of the status of the application as subject to AIA 35
U.S.C. 102 and 103 (or as subject to pre-AlA 35 U.S.C. 102 and 103) is incorrect, any
correction of the statutory basis for the rejection will not be considered a new ground of
rejection if the prior art relied upon, and the rationale supporting the rejection, would be
the same under either status.
11.  The factual inquiries for establishing a background for determining obviousness

under 35 U.S.C. 103 are summarized as follows:
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1. Determining the scope and contents of the prior art.

2. Ascertaining the differences between the prior art and the claims at issue.

3. Resolving the level of ordinary skill in the pertinent art.

4. Considering objective evidence present in the application indicating
obviousness or nonobviousness.

12. Claim(s) 47-54 are rejected under 35 U.S.C. 103 as being unpatentable over

Kassa (BMC Hematology pages 1-11 published 2016), in view of Chen (Annals of

Clinical Microbiology and Antimicrobials Vol. 5 pages 1-11, published 2006) and

Agresta (WO2016/201227 published 12/15/2016).

13. Kassa (BMC Hematology pages 1-11 published 2016) teaches the effect of anti-
tuberculosis drugs on hematological profiles of tuberculosis patients. Kassa teaches
tuberculosis may present significant hematological disorders and anti-TB drugs have
serious side effects (abstract). Kassa teaches the anti-tuberculosis therapeutic
rifampicin. Rifampicin is taught as an effective anti-tuberculosis therapeutic but has
serious side effects and adverse drug reactions, such as leucopenia and
thrombocytopenia (page 2 right col., page 9 right col.) As evidenced by Chen (Annals of
Clinical Microbiology and Antimicrobials Vol. 5 pages 1-11, published 2006), rifampicin
is art-recognized as an inducer of CYP 3A4 (page 4 right col.). Kassa teaches that
rifampicin may directly cause hemolytic anemia in tuberculosis patients (page 9 right
col.).

14.  However, Kassa does not specifically teach treating the tuberculosis patient with
hemolytic anemia being treated with rifampicin comprising administering mitapivat to the

subject in need.

Ex. 2001-1278



Application/Control Number: 16/900,610 Page 5
Art Unit: 1628

15.  Agresta (W02016/201227 published 12/15/2016) teaches the method of treating
hemolytic anemia in a subject in need comprising administering a therapeutically
effective amount of Compound 1 (page 3 lines 1-5, page 8 paragraph 4, page 11 lines
1-5). As shown in page 28 of the specification, compound 1 or N-(4-(4-
(cyclopropylmethyl)piperazine-1-carbonyl)phenyl)quinoline-8-sulfonamide corresponds
to the claimed mitapivat. See ([0002] of the instant specification). Agresta teaches
administering mitapivat in a dose of 10-60 mg every 12 hours to treat the disclosed
hematological disorders, which overlaps with the amounts of mitapivat embraced within
the instant claims (page 11, page 33 paragraph 5). Thus, the administration of 20 or 25
mg/day, twice a day embraced within Agresta overlaps with the dosing cycle embodied
in the presently claimed. Applicant is reminded of MPEP 2144.05 wherein the claimed
ranges "overlap or lie inside ranges disclosed by the prior art" a prima facie case of
obviousness exists. In re Wertheim, 541 F.2d 257, 191 USPQ 90 (CCPA 1976); In re
Woodruff, 919 F.2d 1575, 16 USPQ2d 1934 (Fed. Cir. 1990). Agresta additionally
teaches that mitapivat is administered in tablet form to said patients with anemia (page
28 paragraph 1, page 33 paragraphs 2-5).

16.  Therefore, one of ordinary skill in the art prior to the time of the invention would
have found it prima facie obvious to administer mitapivat to the tuberculosis patient with
hemolytic anemia being treated with rifampicin taught by Kassa in view of Agresta.
Motivation to administer mitapivat to a tuberculosis patient with hemolytic anemia being
treated with rifampicin logically flows from the fact that mitapivat was taught in the art as
being efficacious at treating hemolytic anemia in a subject. Accordingly, said artisan

would have readily predicted that co-administration of mitapivat to the tuberculosis
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patient with hemolytic anemia being treated with rifampicin would have effectively
treated the hematological malignancy in the tuberculosis patient. It is further noted that
the administration of mitapivat to the tuberculosis patient with hemolytic anemia being
treated with rifampicin to treat hemolytic anemia in the subject results in the
administration of a CYP3A4 inducer in combination with mitapivat, which reads on the
presently claimed.

17. Lastly, it is noted that the combination of Kassa, Chen and Agresta do not
specifically teach wherein 5 mg of mitapivat is administered twice a day (claims 47,49).
However, the optimum dosing amount and frequency of administration of the hemolytic
anemia treating mitapivat to the tuberculosis patient with hemolytic anemia being
treated with rifampicin would have been a matter well within the insight of one of
ordinary skill in the art. Such a determination would have been made in accordance with
a variety of factors, such as the route of administration, pharmacological considerations,
such as activity, efficacy, pharmacokinetics and toxicology profiles of the combined
regimen, as well as the age, weight, sex, diet and severity of the medical condition of
the patient. Thus, the dosing cycle and frequency of administration regimen that would
have been employed would have varied widely and, in the absence of evidence to the
contrary, the current claimed specific administration regimen is not seen to be
inconsistent with one that would have been determined by the skilled artisan.
Furthermore, absent and evidence demonstrating a patentable difference between the
dosing amounts and the criticality of the claimed frequency and dosing cycles, the
determination of the optimum or workable frequency of administration given the

guidance of the prior art would have been generally prima facie obvious to the skilled
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artisan. Please see MPEP 2144.05 [R-2](ll)(A) and In re Aller, 220 F.2d 454, 456, 105
USPQ 233, 235 (CCPA 1955)("[W]here the general conditions of the claim are
disclosed in the prior art, it is not inventive to discover the workable ranges by routine
experimentation.”)

18.

19. Claim(s) 55-58 are rejected under 35 U.S.C. 103 as being unpatentable over

Kassa (BMC Hematology pages 1-11 published 2016), in view of Chen (Annals of

Clinical Microbiology and Antimicrobials Vol. 5 pages 1-11, published 2006) and

Agresta (W02016/201227 published 12/15/2016) as applied to claims 47-54 in view

of Sizemore (WO2019/104134 published 05/31/2019 with priority to U.S.

Provisional Application 62589822 filed 11/22/2017).

20. Asdiscussed above, the combination of Kassa, Chen and Agresta render
obvious the administration of mitapivat to a tuberculosis patient being treated with
rifampicin and comprising hemolytic anemia as mitapivat is art-recognized at treating
hemolytic anemia in a subject in need. It is further noted that the administration of
mitapivat to the tuberculosis patient with hemolytic anemia being treated with rifampicin
to treat hemolytic anemia in the subject results in the administration of a CYP3A4
inducer in combination with mitapivat, which reads on the presently claimed. The
combination of Kassa, Chen and Agresta additionally teach that mitapivat is
administered in tablet form to said patients with anemia (page 28 paragraph 1, page 33

paragraphs 2-5).
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21.  However, the combination of Kassa, Chen and Agresta do not specifically teach
wherein the tablet comprises microcrystalline cellulose, mannitol, croscarmellose
sodium and sodium stearyl fumarate.

22.  Sizemore (W02019/104134 published 05/31/2019 with priority to U.S.
Provisional Application 62589822 filed 11/22/2017) teaches mitapivat compositions.
Sizemore teaches that said mitapivat compositions are formulated into tablets further
comprising dispersing agents, binding agents, lubricants and granulating agents
([0094]-[0096], [0110]). Sizemore teaches that croscarmellose sodium is a suitable
granulating agent, mannitol and microcrystalline cellulose are suitable binding agents,
and sodium stearyl fumarate as a suitable lubricant for the mitapivat composition
([0095]-[0110]).

23.  Therefore, one of ordinary skill in the art prior to the time of the invention would
have found it prima facie obvious to formulate the mitapivat tablet composition
administered to the tuberculosis patient with hemolytic anemia being treated with
rifampicin and mitapivat as taught by the combination of Kassa, Chen and Agresta, with
the formulants microcrystalline cellulose, mannitol, croscarmellose sodium and sodium
stearyl fumarate in view of Sizemore.

24. MPEP 2143 provides rationale for a conclusion of obviousness including (A)
Combining prior art elements according to known methods to obtain predictable results;
25. Inthe present case, it was known in the art that croscarmellose sodium is a
suitable granulating agent, mannitol and microcrystalline cellulose are suitable binding
agents, and sodium stearyl fumarate as a suitable lubricant for mitapivat tablet

compositions. Accordingly, said artisan would have readily predicted that a mitapivat
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tablet, formulated with microcrystalline cellulose, mannitol, croscarmellose sodium and
sodium stearyl fumarate would have effectively treated hemolytic anemia in the
tuberculosis patient with hemolytic anemia being treated with rifampicin and mitapivat.
26.

Conclusion
27.  Inview of the rejection set forth above, no claim is allowed.
28.  Applicant's amendment necessitated the new ground(s) of rejection presented in
this Office action. Accordingly, THIS ACTION IS MADE FINAL. See MPEP
§ 706.07(a). Applicant is reminded of the extension of time policy as set forth in 37
CFR 1.136(a).

A shortened statutory period for reply to this final action is set to expire THREE

MONTHS from the mailing date of this action. In the event a first reply is filed within
TWO MONTHS of the mailing date of this final action and the advisory action is not
mailed until after the end of the THREE-MONTH shortened statutory period, then the
shortened statutory period will expire on the date the advisory action is mailed, and any
extension fee pursuant to 37 CFR 1.136(a) will be calculated from the mailing date of
the advisory action. In no event, however, will the statutory period for reply expire later
than SIX MONTHS from the date of this final action.
29.  Any inquiry concerning this communication or earlier communications from the
examiner should be directed to GEORGE W KOSTURKO whose telephone number is
(671)270-5903. The examiner can normally be reached M-F 9:00-5:30.

Examiner interviews are available via telephone, in-person, and video

conferencing using a USPTO supplied web-based collaboration tool. To schedule an
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interview, applicant is encouraged to use the USPTO Automated Interview Request
(AIR) at http://www.uspto.gov/interviewpractice.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’'s
supervisor, Winston Shen can be reached on 571-272-3157. The fax phone number for
the organization where this application or proceeding is assigned is 571-273-8300.

Information regarding the status of published or unpublished applications may be
obtained from Patent Center. Unpublished application information in Patent Center is
available to registered users. To file and manage patent submissions in Patent Center,
visit: https://patentcenter.uspto.gov. Visit https://www.uspto.gov/patents/apply/patent-
center for more information about Patent Center and
https://www.uspto.gov/patents/docx for information about filing in DOCX format. For
additional questions, contact the Electronic Business Center (EBC) at 866-217-9197
(toll-free). If you would like assistance from a USPTO Customer Service
Representative, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

/G.W.K/
Examiner, Art Unit 1628

/THEODORE R. HOWELL/
Primary Examiner, Art Unit 1628
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Effect of anti-tuberculosis drugs on
hematological profiles of tuberculosis
patients attending at University of Gondar
Hospital, Northwest Ethiopia
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Backgmund

Tubercudosis {TH) is a coutagious disease that can affect
almost any tlssne and orgsns of the human bedy but
mainly casse infection of the lungs [1]. Tuberculosis (s a
major public health problem throughout the world
About a thicd of the world’s population is estimated fo
be infected with tubercle bacilli and hence at risk of de-
velaping active TB disease. The burden of TB is highest
in Africa, Asia, India and China together accounting for
almost 40 % of the world's TB cases [2]. About 2.4 mil-
lion new TB cases and 540,000 TB-related deaths occur
in sub-Saharan Africa anpually 3] Ethiopia s ameng
the countries most heavily affected by TB {4]. The an-
nual TB incidence of Ethiopia is estimated to be 341/
100,000, Tuberculosis mortality rate is 73/100,000 and
the prevalence of all forr to be 546/
100,000 5]

TB is a curable disease although drug
of the major challenges in the treatruent, prevention and
contro} of the disease. However, the use of anti-TB drugs

ns of TB is estimated

resistance is on

is not free from side effects, Allergic reactions, fever,
rash, vasculitis, nausea, vomiting, hepatotoxicity, hepato-
cellular inflanmation, peripheral neuropathy and others
are some of the common side effects associated with TB
trestroent {6). In addition, a wide range of hematological
abnormalities has been reported as a result of adminis-
tration of anti-TB drugs. The major hematological dis-
order due to anti-TB drug is aplastic anemia. Aplastic
anemia is a hypo- regenerative bone marrow disorder
characterized by a reduction in the amount of haemopoi-
tic bone marrow and pancytopenia. It has been reported
that pancytopenia due to aplastic anemia of moderate se-
verity a patient while receiving anti-
tuberculosis therapy, probably caused by an idiosyncratic
reaction to streptomycin. Although the total leukocyte

was observed in

and platelet connts could be depressed after cessations of

drugs, physicians rarely suspect anti-tuberculosis induced
hematological complications which may have fatal conse-
quences [7].

Hematological disorders avise through a variety of mech-
anisms and etiologies. Drug-induced hematological disor-
ders can span almost the entire spectrum of hematology,
affecting red cells, white cells, platelets, and the coagulation
systern, The wide spectrum of drug-induced hematologic
syndromes is mediated by 2 variety of mechanisms, in-
cluding immune effects, interactions with enzymatic
pathways, and direct inhibition of hematopoiesis. Drug-
induced syndromes include bemolytic anemia, red cell
aplasia, sideroblastic anemia, megaloblastic anemis,
polycythemia, aplast
There are four possible relationships of tuberculosis to
herpatologic disease. These are the hematologic disease
predisposes to fuberculosis reactivation. Drugs may cause
idiosyncratic reactions, malabsorption, interference with

ic anemia, ];eilkOCYt(PSJS and others,
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iron metabolism, and hemwolysis in patients with red blood
cell enzyme deficiencies. Idiosyncratic reactions manai-
fested by depression of any or all of the three cellular
nents (white cells, red cells and platelets) to-
gether with the coagulation system may be caused by any
of the anti-tubercidosis drogs [8, 91
The magnitude of drug induced hematological abnor-
ralities had been investigated in different parts of the
world, For example, leucopenia as a result of rifampicin
and isoniazid therapy was reported in Japan {16}, Aoti-
TB drug induced normocytic normoechromic anemia
was the most common abnormality observed in Malaysia
[11] and a 74 % prevalence of anemia together with 26 %
Leukocytosis, 24 % Thrombocytosis was reported in India
[12]. In a study conducted in South Africa, a 15 % leuco-

blood ¢le

penia, 23 % thrombocytopenia and 87 % lymphopenia was
reporied as a result of apti-TB drug treatment {13} By an-
other study conducted in Nigeria, anti-TB drug induced
hematological abnormality were reported 93.6, 22.3, 45.2
and 4.8 % for anemia, lenkocytosis, neutrophilia, and lym-
phopaenia, respectively [14]. Moreover, in Thozapia an
86 % anti-TB drug induced anemia was reported [15].
Differeut reports showed that altered herpatopoiesis
occurs in TB patients. Hemstological changes as
with toberculosis freatments have been investigated in
many parts of the world. However, to the best of our
knowledge, there is no comprehensive study assessed
the hematological abnormalities among TB patients in
Ethiopia in general and in Gondar in particalar. Hence,
this study was designed to determine the effect of anti-
TE drugs on hematclegical profile among T patients.
In the present study, hemsatological findings ameongTB
patients before initiation and after completion of the in-
tensive phase of tuberculosis treatment were assessed.

sociated

Methods

Study design, area and setting

A longitudinal prospective study was conducted from
February to June 2014 at the University of Goodax
{(UoG) hospital, Morthwest Ethiopia. The hospital is
Gondar town, Goudar town is located in the
of the Amhara Region, North of
Lake Taua, Northwestern Ethiopia, saad 748 kin far from
Addis Ababs. The town has a latitude and longitude of
12°36°N 37°28'E with an elevation of 2133 ro sbove sea
level. Based on figures from the Central Statistical
Agency in 2008, Gondar has an estirnated total popula-
tion of 231,977, University of Gondar hospital is a refer-
ral hospital for Northwestern Ethiopia with more than
400 beds serving a populstion of about 5 million. The
Hospital is one of the biggest tertiary level referral and
teaching hospitals in the region A large number of
people from the surrounding zones and nearby regions

-
o

found in
North Gondar Zone
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visit the hospital both for inpatient and as an outpatient
treatment,

Populations

The source populdation was all TB suspected patients
(both pulmonary and extra pulmonary) attending for
health service at the University of Gondar Hospital. The
study pepulation were smear positive puimonary tuber-
culosis patients and all confirmed extra-pulmonary TB
patients who took all the intensive phase of treatment at
the Directly Observed Treatment Short cowrse (DOTS)
clinic of Unlversity of Gondar hospital during the study
period. In this study, TB patient less than 5 years of age
and greater than 65 years of age, retreatment cases, pa-
tient with known organ impairment, malignant cases
(cancer and chronic patients) and HIV patients were ex-
cluded from the study.

Sample size determination and sampling technique

Time delimited consecutive sampling technigue was
employed to recruit the study subjects. All newly diag-
1wosed TB patients who were confirmed for tubercu-
osis infection and seeking for anti-TB treatment at the
University of Gondar Teaching Hospital DOTS clinic
during the study period were included. By using the in-
clusion and exclusion criteria’s set for the study, a total
of 168 new TB patients were recruited and involved in
this study.

i
1
H
L

Socio-demographic data

Sacio-demographic characteristics such as age,
marital status, residence and clinical information such as
WHO clinical stage, use of myelo-suppressive drugs, loss
of appetite, weight loss, night sweats and fever were
gathered using pre-tested and structured questionnaire.
A trained clinical nurse and laboratory technologist work-
ing at the DOTS clinic of the University of Gondar hos-
pital collected the socio-demographic characteristics of
the TB patients.

SeX,

Sputum sample collection and microscopy

Sputum sarnples were collected wsing dry, dlean, leak
proof, translicent and screw-capped plastic containers
with a capacity of 30 ml Smesrs were prepared and aiv
dried then stained with Ziehl-Neelsen (ZN) stain. Briefly,
smears were genteelly heat fixed and each smear was
flooded with carbolfuchsin solution. On each prepar-
ation, heat was applied until steaming and aliowed to
stand for 5 min. After washing with tap water, smear
was decolorized with acid alcohol for 1 min and washed
with tap water and counter stained with methylene blue
for 30 s, washed and air dried. Slides were examined
under 100x oil immersion objective with bright field il-
fnmination. Microscopy results were recorded following
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the WHO reporting methods as negative, actual number
of acid-fast bacilli (AFB), 1+, 2+ and 3 +.

Blood sample collection and determination of
hematological parameters

About 5 ml of venous blood was collectad aseptically by
using EDTA tube from each of the selected study sub-
jects. foliowing collection, the EDTA tube was labeled
with code number. The bloed sample was collected from
each study subject before nitiation of anti-TB drugs and
after completion of the 2 month intensive phase treat-
ment. Hematologic profiles such as Red bood cell count,
hemoglobin level, hematocrit (HCT), Red blood cell in-
dices such as mean corpuscudar vohune (MCV), mean
corpuscular  haemogiobin  (MCH)}, mean corpuscular
haemoglobin concentration (MCHC), Red cell distribu-
tion width {(RDW), total white blood cell count (WBC),
WB(C differential count, Platelet count, Mean Platelet
Volume (MPV) and platelet cell distribution width {(PIYW)
were determined using Mindray automated hematology
analyzer following the mamufacturers instruction and the
Standard Operational Procedures (SOP) of the University
of Goudar hospital laboratory.

Quality control

The reliability of the study findings were guaranteed by
irsplementing quality control {QC) measures throughout
the whole process of the laboratory work, All materials,
equipment and procedures were adequately controdled.
Blood samples were collected free of hemolysis, dot,
with sufficient quantity {5 mi) and correctly labeled with
patients identification number. The performance of the
hematology analyzer was check by running normal, low
and high blood contrels. During a condition where flags
were found with astomation hematological parameters,
manual differential count was performed. Sputum sam-
ples with an AFB score of 1+ (1 = 10) was used to assess
the reliability of microscopic exarsinations. These sam-
ples were stained by Ziehi-Neelsen stain and examined
by two laboratory technologists blinded from each other.
The coefficient of variation (CV}) was found 0.016 which
shows that the result of the two laboratery technologists
was 99.984 % consistent. The questionnaire was pre-
pared in English, trauslated to local Ambaric language
to English to check for
consistency, Pata on Socio-demographic and TB related
medical history were cellected by trained nurses under

and then translated back

the supervision of the investigators.

Data analysis

Data were checked, sorted, categorized and coded manu-
ally then transferred to SPSS version 20 statistical pack-
ages for analysis. Frequencies and cross tabulations were
used to summarize descriptive statistics. Paired ¢ test
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was used in the analysis to compsre the hematologic
values before nitiation and after completion of the ip-
tensive phase of tuberculosis treatment. A P values less
thart (.05 were considered statistically significant.

Ethical consideration

Ethical approval was obtained fromy an ethical review
committee organized by the School of Blomedical and
Laboratory Sciences which was mandated by the College
of Medicine and health Sciences, University of Gondar.
A permission and support letter was also obtained from
University of Gondar hospital and both verbal and writ-
tenn consent was obtained from each participant. All the
consent procedures were approved by the ethical ap-
proval committee of the School of Biomedical and
Laboratory Sciences. In the case of children, bath verbal
and written consent were taken from the guardian that
was also approved by the ethical review committee. The
purpose and jimportance of the study was explained to
each study participants. To ensure confidentiality of par-
ticipants infermation, suonymous {yping was applied
where by the name of the participant and any identifier
of participants were not written on the questionovaire,
and during the interview to keep the privacy, they were
interviewed alone. The Jaboratory findings of each study
participant were communicated with the responsible
clinician assigned at TB clinic. Above all the data was
collected after full written consent was obtained from
each study participates.

Resuits

Characteristics of the study participants

A total of 168 HIV pegative new TB patients were in-
cluded in this study. Ninety six (56.5 %)} of the TB pa-
tlents were males and the other 73 {435 %) were
females, The mean age of the study participants was
34.8 % 153 years ranging from 5 to 65 years. Sixty-two
36.9 %) TB patient were within the age group 5-25, 62
36.9 %) within the age group 26-44 and the other 44
26,2 %) within 4565 years of age, Forty-seven percent
{n = 79) were urban dwellers and the other 53 % (1 = 89)
were living in roral areas. The clinical and laboratory

data of the TB patients showed that 87 {51.8 %) and 81
(48.2 %) were pulmonary and extra pulmonary cases.

N

—

Assaciation between hematological parameters with the
age and sex of the TB patients before and after
completion of the intensive phase treatment
Tuberculosis confirmed patients were investigated to as-
sess thelr hematological profile prior initiation of anti-
TB treatment and sfter completion of the intensive
phase treatment. The hematclogical profiles assessed
were red blood cell count, hemoglobin concentration,
L, red cell indices, total white blood cell count,

hernatoct
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white blood cell differential count, red blood cell distri-
bution width, platelet distribution width, platelet coun
and mixed cells {eosinophile, monocyte and basophile)
count. Analysis of the demographic characteristics of the
TE patients such as age and sex versus hematological
parameters demonstrated that there was significant dif-
ference on Hgb and Het concentrations {2 < 0.001) be-
fore initation and after completitions of the intensive
phase treatment. In addition, s significant difference on
RBC among patients with the age group 45-65 vears
was observed (£ = 0.030). The RDYW-CV parameter of fe-
rnale patients and the PLT count of male patients were
also significantly different (£ =0.002 and G031 respect-
ively) (Table 1). However, there was no significant differ-
ence in WBC parameters and PDW versus the age and
sex of the TB patients.

Assessment of anemia

The magnitude of anernia among TH patients before ini-
tiation and after completion of the intensive phase of
treatment was assessed using red blood cell count
(RBC), hemeglobin (Hgb) and hematocrit (Het) values.
The average RBC of the TB patients before initiation of
anti-TB treatment was relatively similar to that of RRC
after cornpletion of the jutensive phase of tuberculosis
treatment (4.25 x 10° + 0.8 versus 4.42 x 10° £ 0.824, re-
spectively) {Table 2). Many of the TB patients that had
normal RBC before initiation of tuberculosis treatmen
(1 ="72) demonstrated alsc normal RBC after completion
of the intensive phase (#=69) of treatment. However,
54 % of the TB patients had lower RBC before initiation
and after completion of the intensive phase of treatment.
Nevertheless, data showed ne statistically sigoificant dif-
ference on the RBC of TB patients before initistion and
after completion of the intensive phase of tuberculosis
treatment. The average Hgb concentration of the TH pa-
tients before initiation of tuberculosis treatment was
slightly higher (12,7 +2.09 g/dl) than the corresponding
Hgb concentration determined after completion of the
intensive phase of treatment (11.8 x 1.68 g/dl}. Simiarly,
the sverage packed cell volume (Hct} was also relatively
higher before initiation of treatment (38.5 £ 242 %) than
the corresponding concentration after completion of the
2 month treatment (35.7 + 2.31 %). 1o this study, 55 % of
the TB patients {# = 92) had low Hgb concentration and
the Het valoes of 86 T8 patients {51 %) was found low
before initiation of anti-tuberculosis treatment, The pro-
portion of TB patients with low Hgb and Het concentra-
tion was by far increased (72 %) after completion of the
intensive phase of TB treatment. Among the TB patients
that had higher Hct concentration (# = 13) before initi-
ation of anti-TB treatment, only 4 resulted similarly
higher concentration. On the other hand, among 69 and
76 patients that had normal Het and Hgb concentration
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Table 1 Hematol

cal pararneters that ds

ificant diifer

ance based
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initiation of ant drugs compared with after o e intensive phase o
Before treatment After treatment P-value
RBC x 10%/ ul Sex Male 427+092 443+ 092 0235
Female 424+ 072 4472+ 068 0.143
Age 5-25 426+ 077 4472 +089 0320
26 — 44 437+075 4334068 0747
45 - 65 409+ 1.01 458+092 0.030*
Hgb (g/dl) Sex Male 127+ 21 118+15 0.000%
Female 128+ 2.1 118+19 0.000%
Age 5-25 129472 118+18 0.000%
26 — 44 129+18 12+14 0.001*
45 - 65 124+ 25 115418 0.000%
HCT (%) Sex Male 386+6 358+44 0.000%
Female 389+55 357+54 0.000%
Age 5-25 391+57 357+55 0.000%
26 — 44 389+49 366+4 0.001*
45 - 65 379+68 34745 0.000%
MCV (f) Sex Male 884+69 894+ 91 0.036*
Female 894+67 909+ 51 0.143
Age 5-25 894+73 902 +51 0486
26 — 44 883+58 912+58 0013*
45 - 65 887+76 904+52 0241
MCH (pg) Sex Male 289+33 296+23 0.143
Female 292426 301+2 0.040%
Age 5-25 293+3 297+ 21 0427
26 — 44 291+ 31 297+25 0253
45 - 65 285+3 30+2 0012*%
MCHC (96) Sex Male 32742 327+13 0878
Female 326+ 14 331+ 11 0.049*
Age 5-25 326+16 329+13 0357
26 — 44 33+19 327+13 0390
45 - 65 322416 331 +1 0.003*
RDW CV (%) Sex Male 144+ 14 142+172 0311
Female 145+17 139412 0.02*
Age 5-25 144+ 14 141+13 0.143
26 — 44 143+ 14 141412 0477
45 - 65 146+ 18 14+11 0059
PLT % WOs/p\ Sex Male 267 £ 106 232+ 109 0031*
Female 270+ 101 250+ 86 0.169
Age 5-25 258+ 105 250+ 116 0697
26 — 44 274+ 101 246+ 72 0.085
45 - 65 275+ 105 216+ 108 0.006*

* = significant association
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Table 2 Hematclogical profiles of tuberculosis patients before and after initiation of anti-TB treatment at University of Gondar Teaching

hospital, 2014

Variable Before treatmentof TB Mean (5D) After treatmentof TB Mean (5D} P-Value
RBC/ul 425%10° (083) 442 10° (0.824) 0072
WBC/ ul 75%10° (376) 708% 107 (327) 0224
Hgb (g/dl) 12.7 2.09) 118 (168) 0.000*
HCT (%) 385 (242) 357 (2.31) 0.000*
MCV () 888 (6.8) 897 (84) 0268
MCH (Pg) 30.13 (5.0) 2903 (3.0) 0018*
MCHC (g/dl) 30.13 (291) 2943 (7.1) 0.000*
RDW-CV 17.6 (7.09) 319 (5.19) 0.000*
PLT/ ul 268 %107 (103.2) 239.93 (99.8) 001*
PDW 17.01 (4.79) 157 (061) 0001*
Lymphocyte 196% 10° (0.94) 208x 10° (1.36) 0375
Mixed cell 074x10% (0422) 069x 10 (0425) 0272
Neutrophil 437%10° (242) 408% 10% (231) 0230

RBC red blood cell, WBC White blood cell, HCT Haematocrit, HGB Haemoglobin, MCV mean corpuscular volume, MCH mean haemoglobin, MCHC mean
haemoglobin concentration, RDW-CV red cell distribution width, PLT platelet, PDW Platelet distribution width, f/ femto litter (107"°L), pg pico-gram (107 '2g),

* significant association

before initiation of antl-TH treatroent, only 42 and 47
demonstrated normal concentrations respectively after
completion of the intensive phase treatment {Table 3.

Moreover, data showed a significant decreased level of
Hgb concentration and Het value after completion of

the 2 month tuberculosis treatment compared to the
pre-treatment level (P = 3.00).

Laukocytosis versus leukopenia

The average total WBC of TB patients before treatment
(7.5 107 + 3.76) was slightly lower than the corre-
sponding average WBC after completion of the 2 month
treatment (7.08 x 10° + 3.27). The total WBC of 24 T8
patients (14.3 %) enumerated before initiation of TB
treatment was low but that of 115 (68.5 %) and 29
(17.3) patients were normal and high, respectively. The
proportion of tubercwdosis patients with low WBC was
slightly raised 185 % (s =31) when examined after
completion of the intensive phase of treatruent. How-
ever, there was no statistically significant difference on
total WBC among TB patients before initlation and
after completion of the 2 month tuberculosis treat-
ment. The fymphocyte, neutrophil and mixed cell (ec-
sinophil, monocyte and basophil} differential WBC
count of the TB patients showed no statistically signifi-
cant difference among TB patients before and after
initiation of tuberculosis treatment. However, the pro-
portion of TR patients with high neutrophil count was
raised from 7.7 % (# =13) of treatment naive phase to

\
L

,
14.3 % {#m = 24} after completion of the 2 month tuber-
culosis treatment.

Association of tuberculosis treatment with platelet count

The mean thrombocyte count among TE patients be-
fore administration of anti-TB drugs was 268 » 10° +
103.2. The corresponding platelet counts among TB pa-
tients after completion of the 2 month treatment was
slightly lower (239 x 10% + 99.8), However, data showed
no statistically significant difference on platelet count
among TB patients before initiation and after comple-
tion of the intensive phase tuberculosis treatment, The
proportion of TB patients with low platelet count was
slightly increased after completion of tuberculosis treat-
ment {# =25 14.9 %} compared to the corresponding
platelet count among tuberculosis treatment naive pa-
tients (= 22; 13.1 %}. On the other hand, significantly
reduced proportion of TB patients with high platelet
count was observed {89 %; u=15) after completion of
the intensive phase of TB treatment compared to the
proportion of TB patients with high platelet coun

{19.6 %; # =33} among treatment naive TB patients.
Moreover, data showed significant difference in the pro-
portion of TB patients with both low and high pilatelet
count after completion of the 2 month treativent coro-
pared with treatment naive patients {2 =0.01),

Red blood cell indices during tuberculosis treatment

The average MCV of the TB patients before initiation
of tuberculosis treatment and after completion of the
2 mooth treatment was nearly similar (88.8 + 6.8 versus
897 £ 8.4, respectively). A slightly reduced MCH
(29.03 £ 3.0} was observed after completion of the in-
tensive phase tuberculosis treatment compared with the
average MCH before initlation of treatment (30.13 £ 5.0}.
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Table 3 The proportion of TB patients mal and high hematolegical profile before initiation and after completion of the

intensive phase tubsrculosis tr Sital, 2014
Parameters Category Before TB treatment After TB treatment Reference Intervals P-Value
RBC Low 91 (54.2) 92 (54.8) 0.92
Normal 72 (429 69 (41.1) M=4562x10% ul
F=40-55x10%ul
High 5(3) 7 42)
WBC Low 24 (14.3) 31(185) 0.262
Normal 115 (68.5) 113 (67.3) 40 -100x WOs/p\
High 29 (17.3) 24 (14.3)
HCT Low 86 (51.2) 122 (726) 0.000%
Normal 69 (41.1) 42 (25.0) M=40-52 %
F=36-47%
High 13(7.7) 4 (24)
HGB Low 92 (54.8) 121 (72) 0.000%
Normal 76 (45.2) 47 (28) M=13-18 g/dl
F=12-16 g/l
High 0(0) 0O
MCV Low 13(7.7) 10 (6) 0.589
normal 129 (76.8) 130 (774) 80 — 100 fl
high 26 (15.5) 28 (16.7)
MCH low 37 (22) 18 (10.7) 0.000%
Normal 96 (57.1) 105 (62.5) 27 - 32 pg
High 35 (20.8) 45 (26.8)
MCHC low 75 (44.6) 163 (98.2) 0.000%
normal 90 (53.6) 3(1.8) 315 - 36 g/dl
RDW_CV Normal 118 (70.2) 9 (54) 115-145% 0.000%
high 50 (29.8) 159 (94.6)
PLT low 22 (131 25 (149 0.01*
normal 113 (67.3) 128 (76.2) 150 - 450 % WOs/p\
High 33 (19.6) 15 (8.9)
PDW Normal 157 (93.5) 167 (994) 10-17 % 0.000%
high 11 6.5) 1(06)
Lymphocyte low 4 (2.4) 6 (3.6} 1.000
Normal 160 (95.2) 156 (92.9) 15-45x% WOs/p\
high 424) 6 (3.6)
Mixed cell Normal 160 (95.2) 165 (98.2) 026 -13x% WOs/p\ 0.960
high 8 (48) 3(1.8)
Neutrophil Low 13 (7.7} 24 (14.3) 0.233
Normal 136 (81) 124 (73.8) 20-70x% WOs/p\
High 19 (11.3) 20(11.9)

* = significant association. Hematological parameter values less than and greater than the reference intervals are categorized as low and high respectively

Similarly, the MCHC was also slightly reduced after com-  the intensive phase was fonond statistically significant
pletion of the 2 month treatment compared with before  (£<0.018). In this study, 7.7 % {n = 13) of the TB pa-
initlation of treatment (2943 +7.1 versus 30.13 +2.91, tients had low MCV before initiation of anti-TB treat-
respectively). The difference in MCH and MCHC  ment. The proportion of TR patients with low MCV

among TB treatment naive and T patients completed  was slightly reduced {6 %; »n=10) after completion of
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the intensive phase treatment. The majority of the TB
patients (57.1 %; # = 96) had normal MCH before initi-
ation of treatment and the proportion of TB patients
with normal MCH cisen to 108 (62.5 %) after coruple-
tion of the intensive phase treatment. Forty-five percent
{n=75) of the TB patients had low MCHC before initi-
ation of treatment. The proportion of TP patients that
had low MCHC was significantly ralsed {(98.2 %; n=
163) after completion of the intensive phase treatment,
The proportion of TB patients with normal MCHC be-
fore initiation of TB treatment was 53.6 % (n =90}
However, only 1.8 % (1 = 3) of the TB patients that had
normal MCHC before initiation of tuberculosis treat-
ment had also normal MCHC after completion of the
intensive phase treatment,

Rad blood cell and Platelet distribution width during
tuberculosis treatment

blood cell distribution width {(RIYW)
atment naive TB patients (17.6 £ 7.09
by far lower than the corresponding RDW {319z

The mean red

among fre %) was

5.19 fl) of TB patients determined after completion of

the inteusive phase of treatinent. This difference was
also statistically significant { = 0.00). Contrary to RDW,
the mean platelet distribution width (PDW) ameung
treatment naive TB pat'ents (17.01 £4.79 %) was higher
than that of TB patients completed the intensive phase
of treatment {15.7 + 0.61 %}. Moreover, data also showed
statistically significant difference on PD'W among treat-
ment naive TB patients compared with TB patients com-
pleted the iotensive phase of treatment {(P=0.00)

{Table 2},

In this study, 70.2 % (# = 118) of TB patients had nor-
mal RDW before initiation of anti-TB treatment. How-
ever, the proportion of TB pat)ent% that had normal
RDW was by far reduced to 5.4 % {n=9) after comple-
tion of the intensive phase treatment. On the other
hand, the proportion of TB patients with high RDW
which was 29.8 % {n = 50} was raised to 94.6 % {(n = 159)

after completion of the intensive phase of tuberaulosis

treatment. Moreover, data showed statistically significant
difference on the proportion of TB patients with high/
low RD\N before initiation and after completion of the
intensive phase of tuberculosis treatment (P =0.00)
{Table 3.

The proportion of T8 patieots that had normal PDW
(93.5 %; u = 157} before initiation of treatment was rela-
tively similar to the corresponding proportion of T
patients that had normal PDW (99.4 %; # = 167} after
completion of the 2 month treatment. Eleven TB pa-
tients (6.5 %) had high PDW before initiation of tuber-
culosis treatrnent but only | patient showed high PDW
after completion of the intensive phase of treatment
and the difference was statistically significant (P = Q.00}.
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Discussion

Tuberculosis exerts incredible varieties of hematologic ef-
fects and hematologic abnormality is a common finding
among TB patieots. These sbnormalities involves both cell
lines and plasma components. Anti-tuberculosis therapy
has its own spectrum of bematologic toxicity and bleod
cell abnormalities [18]. The current study compared the
hernatclogic profile of HIV negative TB patients before
initiation of treatment and after completion of the inten-
sive phase of tubercalosis treatment.

In the current study, the average RBC of the TB pa-
tients before initiation of anti-TB treatment was rela-
tively similar to that of RBC after completion of the
intensive phase of tuberculosis treatment. The average
RBC of the TB patients were 4.25 x 10° + .83 versus
4.42 % 10° £ 0.824 before treatment and after completion
of the intensive phase treatment, respectively, which s

early similar to the lower limits of the reference values
for male and female adults (4.7 and 4.2 million cells per
microliter (cells/pL}, respectively).
et al [17]
counts, 5.1 x 10731 (males) and 4.5 » 10*%/1 {females) for
bealthy adult Ethiopisus.

The hemoglobin concentration and packed cell vol-
ume were slightly higher among treatment naive TH pa-
tients compared with those received anii-TB treatmen
for 2 months, However, the proportion of TB patients
with low hemoglobin and hematocrit concentration was
significantly increased (72 %) after completion of the
intensive phase of TB treatment. All chronic infections
incinding TB can cause anernia {18]. Various pathogen-
esis have been suggested in TB-associated anemia, but
most studies have been shown suppression of ervihro-
poiesis by inflammatory mediators as a ca
{19, Nutritional deficiency and malabsorption syo-
drome can deepen the severity of anemia [20]. The pos-
sible mechanisms for the development of anemia
during tuberculosis infection may be due to nudritional in-

Previously Tsegay
reported reference range of erythrooyte

use of anemia

sufficiency, impaired iron utilization, mala-absorption,
bone marrow geamdoma aad shortened duration of RBC
survival {21}, Weiss [18], Means [22] and Nemeth et al
23] explain the mechanisro behind the occurrence of
anemmia in pulmonary tuberculosis patients saying that the
invasion of bacterfe leads to activation of T-lymphooyte
and macrophages, which induce the production of the cy-
tokines like interferon gamma (IFN-y), tamor necrosis
factor alpha (TNF-x), Interlukin-1 {{L-1} and interlukin-6
(IL-6) which with their products will
iron into iron stores in the reticulo-endothelial system
resuiting in decreased iron concentrations in the plasma
thus limiting its availability to red cells for hemoglobin
synthesis, inhibition of ervthraid progenitor cell prolifera-
tion and in appropriate production and activity of ervthro-
poletin which may lead to and suboptimal

ause diversion of

anemia
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response of the bone marrow to anemia, respectively. The
high proportion of T8 patients with reduced hemoglobin
and hematocrit concentration after completion of the in-
tensive phase of tuberculosis treatroent may suggest drug
induced anemia among TB patients. Drugs can induce

variety of bematological disorders affecting RBCs, WBCs
and plateltes. Drug induced syndromes includes hemolytic
anemia, methem g](i)m iz, red cell aplasia, sideroblastic
anemia, megaloblastic anemia, polycythemis and aplastic
anemia {8].

The total WBC count of Th patients before initiation
of anti-TH drugs was relatively similar to that of total
WEBC count after
treatment. Howevey, the proportion of TB patients with
low total WBC count was raised from 14.3 % before ini-
tiation of treatment to 18.5 % after completion of the
intensive phase treatment, On the other haud, the pro-
portion of TB Patients with high neutrophil differential
count was increased from 7.7 % before trestroent fo
14.3 % after completion of the intensive phase of treat-
ment. Nevertheless, there was no levkocytosis veither
before initiation of treatment nor after completion of
the 2 month treatment, In a study designed to assess
the hematological abnormalities of TB patients, Singh
et al. [24] reported a 25 % lenkopenia and a 22 % neu-
tropenia among TB patients, Drug induced neutropenia
was also reported in assocdiation with various analgesics,
psychotropic’s, anti-convulsions, anti-thyroid drugs, anti-
histarninics, anti-rheumnatics, gastro-intestinal drugs, anti-
microbials and cardiovascular drugs {25}

The result of the cuwrrent study showed that platelet
count was another important hematological profile that
showed significant difference when the count before ini-
tistion of tuberculosis treatment was compared to that
of plztte]et count after completion of the 2 month tuber-
cudosis freatment (£ = 0.010). Almost half of the TB pa-
tients that had high platelet count before treatmen
showed decreased platelet count after completion of the
intensive phase. This finding is supported by a report
from India and was souggested that decrease in platelet
count could possibly be due to the effect of anti-TB
druxgs and immune destraction of platelets [26]. Classical
causes of drug-induced thrombocytopenia are the quinin
and quinine-like deugs {27]. The thrombooytopenia in-
duced by these drugs is caused by antibody that is non-
reactive in the absence of drug, but binds to epitopes on
platelet membrane, glycoproteins 1tb/flla or 1b/{X, when
the sensitizing drug is present. Vancomycin can also be
associated wii:h marked thrombocytopenia and demon-
strable drug-dependent antibodies in the serum [28]
Other drugs associated with thrombocytopenia include
antimicrobials (sulfanomides, rifampin, linezolid), anti-
inflammatory drugs, anti-neoplastics, anti-depressants,
benzodiazepines, anti-convitlsants (carbamazepine, phenytoin,

completion of the intensive phase of
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ralproic acid) as well as cardiac and anti-hypertensive diugs
{29, 30},

In the current study, the MCV values before and after
treatments were not significantly changed. However, the
differences in the MCH and MCHC values were signifi-
cantly different when the values were compared before
and after completion of the intensive phase of TB treat-
ment. Previous reports showed that the red cell indices
in the untreated male pulmonary TB patients showed
lower values as compared to normal males, In addition,
it was also found that the MCH and MCHC among male
pubmonary TB patients were significantly lower when
compared with normal males [31, 32]. Different study
reports showed that after anti-tuberculosis treatmen
with streptomycin, rifampicin and isoniazid, the RBC in-
dices were affected and reached closer to normal values.
Moreover, RBC morphology in pulmovary TH patients
was found to be mainly normocytic normochromic type
and during medication, the blood film showed normo-
chromic pictures [31, 33, 34] which suggests the effects
of tubercudosis treatment on the vestoration of RBC
morphology.

The mean RDOW of TB patients determiuned after corp-
pletion of the intensive phase of treatment (31.9+
5.19 %} was sigoificantly different from the correspound-
ing RDYW of treatment naive TB patients {(17.6 £ 7.09 %),
Opposite to the RDVW, the PDW among treatment naive
TB patients (17.01 £4.79 %} was higher than the PDW
of TB patients measured after completing the intensive
phase of treatment {157 £0.61 %). Moreover, TB pa-
tients that had high PDW before treatment (n=10)
showed reduced PDW after completion of the 2 month
anti-TB treatment. Red cell distribution width and PDW
measure the variation of RBC and platelete volume. The
normal reference range of RDW-CV in adult humans
was veported 11.5 to 145 % [35] while that of PD'W 9
1656 % for men and 8-13.3 % for women [36]. NQW—
adays, RDW is used to diagnose anemia. Dorniugo et ¢
{37] reported greater decrease in hemoglobin concentra-
tiont in patieunts with higher values for RDW. Red cell
distribution width is often used to differentiate anemia
of mixed causes from anernia of a single cause, There
are reports that documented cehuency of vitamin B12,
or folate produce macrocytic anemia (farge cell anemia)
in which the RIYW is elevated in roughly two-thirds of
all cases [38]. However, varied size distribution of RBC is
the hallmark of iron deficiency anemia, and as such
shows increased RDW in virtually all cases [39]. Long
term exposure to anti-tuberculosis medication
the risk of adverse drug reactions and toxicity. Isoniazid
and rifampicin may directly cause hemolytic anemia, as
can pyrazinamide cause sidroblastic anemia [40]. Others
have suggested that anemia is seen as part of the clinical
manifestation of tuberculosis and as a consequence of a

increases
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chronic disease. In general, tuberculosis pat’?ei‘tﬂ have a
fevelop gastro-intestinal ab-
sorption problems, consequently leading to anemia [20]
fevated RDW is associated with anemia. At a con-
dition when there is microcytic RBCs produced prior to

treatment and normocytic RBCs produced after com-
ple‘mon of treatment in the circulation leads to high size
variation (increase RDW value). Lee et al. [20] showed
that anemia is a common hematological abnormality in
patients and Baynes et al. {19] states that RDW values
in chronic inflammatory disorder like tuberculosis simi-
far with the RDW values occurring in iron-deficiency
anemia which is in line with the current study.

Platelet distribution width directly measures the vari-
ability in platelet size and has been used to differentiate
disordags of platelets such as essential thrombocyth-
emia from reactive thrombocytosis [41]. o the present
study, PDW of TB patients was significantly reduced
after taking anti-TB drugs for 2 wmounths. Previously,
Tozkoparan et al. [42] reported that there were signifi-
cantly bigher PDW values (40 + 23.5) among TB patieots
which decreased significantly with anti-tuberculosis ther-
apy. Thrombocytopenia is 3 serious side effect that po-
tentially caused by anti-TB drugs which occurs mostly
due to rifampicin (RIF) [43]. The main mechanisms of
thrombocytopenia are decreased production or in-
creased destruction of platelets.
covalently to membrane glycol-proteins to produce
comnpound epitopes or induce conformational changes
which antibodies are specific. In addition, RiF-dependant
antibadies attach to thrombocytes and cause increased de-
struction [44]. However, the exact mechanism of INH-
induced thrombocythemia is not known.

The result of this study showed that the Hgb concen-
tration, HCT, PLT and PDW values were reduced after
completion of the intensive phase of tuberculosis treat-
ment. This is due to the fact that iron is critical for
Mycobacterivm tuberculosi
turn causes iron deficie

higher predisposition to

and

The drug binds non-

sis growth in macrophages in
After the intensive
ert iron in the
body and starts production of normal erythrocytes. This
study finding is supported by Tozkoparan et al |
that indicates significantly lower PDW values

ncy anemia
phase treatment, there will be mﬁ..f

with anti-
tubercolosis therapy. Also another study by Sahin et al,

i45] indicates that reactive thrombocytosis and PDW
develop frequently in PTB and there is a relation with
acute phase reactants, which is the inflammatory re-
sponse and decreased after treatment.

Conciusion

The levels of hemoglobin, hematocrit and platelet count
of the TB patients were significantly lowered after com-
pletion of the intensive phase of TB treatment compared
with the corresponding values before initiation of anti-
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TE treatment. The RDW and PDW also showed signifi-
cant variation before iuitiation and after corapletion of the
2 month tuberculosis treatment. The varied hematological
in TB patients after
phase tuberculosis therapy suggests the need for co
ous mounjtoring and evaluation of TB patlents for adverse
hematological sbnormalities during tuberculosis treat-
rent. Anemia was found to be one of the most com-
mon hematological patients
taking anti-tuberculosis treatment. Thus and
thrombocytopenia should be regularly checked during
tuberculasis treatment.

abnormalities observed intensive

nting-

abnormalities among

anemia

Limitation of the study

The limitation of this study was the relatively small sam-
ple size which is the result of the nature of the study as
longitudinal study are time consuming and costly, We
were also unable to determine the effect of anti-TB
drugs after completion of the 6 month treatment.
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Abstract

Rifampicin, an important drug in the treatment of tuberculosis, is used extensively despite its broad
effects on drug-drug interactions, creating serious problems. The clinical importance of such
interactions includes autoinduction leading to suboptimal or failed treatment. The concomitantly
administered effects of rifampicin on other drugs can result in their altered metabolism or
transportation that are metabolised by cytochromes P450 or transported by p-glycoprotein in the
gastrointestinal tract and liver. This review paper summarises recent findings with emphases on the
molecular mechanisms used to explain these broad drug-drug interactions. In general, rifampicin
can act on a pattern: rifampicin activates the nuclear pregnane X receptor that in turn affects
cytochromes P450, glucuronosyltransferases and p-glycoprotein activities. This pattern of action
may explain many of the rifampicin inducing drug-drug interactions. However, effects through other
mechanisms have also been reported and these make any explanation of such drug-drug

interactions more complex.

Introduction

Multiple drug therapy is often used with a single patient.
For example, in individuals infected with HIV and tuber-
culosis, both anti-tuberculosis and antiretroviral agents
have to be used [1]. During treatment, drug-drug interac-
tions occur when the presence of one drug affects the bio-
availability of another through absorption, metabolism
or disposition, and therefore affects the treatment and
drug toxicity in the patient. The estimated incidence of
drug-drug interactions that have a clinical significance
ranges from 3% to 20%, depending on how many drugs
are taken [2]. These adverse reactions are sometimes life-
threatening. Such adverse effects caused by drug-drug
interactions could be eliminated by more rational drug
use, in which patients receive their medications in appro-
priate doses [3]. To achieve this use, an understanding of

the mechanism of drug-drug interactions is important, so
that dosages can then be adjusted correspondingly.

Rifampicin is an effective antibiotic against gram-positive
bacteria including mycobacteria, being frequently used
currently in the chemotherapy of tuberculosis along with
isoniazid, pyrazinamide and ethambutol/streptomycin
[4,5]. Most patients can be cured with this, but some
present with suboptimal or failed treatment [6,7]. Such
failures could, in part, be explained by well known autoin-
duction leading to decreased drug efficacy whereby the
drug stimulates its own metabolism into inactive metabo-
lites and thus loses its effectiveness [8,9]. Suboptimal or
failed treatment may also be arise from interactions with
other drugs and foodstuffs that affect the metabolism of
rifampicin [9-11]. For example, Trikatu, a commonly used

Page 1 of 11

(page number not for citation purposes)

Ex. 2001-1297



Annals of Clinical Microbiology and Antimicrobials 2006, 5:3

WHFSG e
{

PN o o e

Figure |

Target genes activated by rifampicin via PXR and CAR.
Rifampicin (Rif} induces nuclear receptors PXR and CAR that
in turn activate a set of target genes including phase |
enzymes such as CYP2B6, CYP2C8, CYP2C9 and CYP3A4,
and phase Il enzymes such as UGTs, GSTs and phase llI
enzymes such as p-glycoprotein. PXR and CAR are also regu-
lated by HNF4c. and these target genes are also regulated by
Vitamin D3, and dexamethasone (Dex).

herb in Ayurvedic medicine, can significantly reduce the
peak concentration of rifampicin probably by slowing
stomach emptying and gastrointestinal motility [12]. In
addition, rifampicin may also interfere with the metabo-
lism of other concomitantly administered drugs [13].
Thus, rifampicin has been used extensively in clinical
studies as a prototypical inducer of drug-metabolizing
enzymes and transporters, due not only to autoinduction
by itself or induction by other drugs and foodstuffs, but
also its broad effects on drug-drug interactions. Many ear-
lier reviews have discussed different aspects of rifampicin
metabolism and its effects on the actions of other drugs
[13-20]. However; application of molecular biology tech-
niques has led to a rapid accumulation of new knowledge.
Nuclear pregnane X receptor (PXR) and constitutive
androstane receptor (CAR) have now been discovered and
their roles in rifampicin-mediated drug-drug interactions

http://www.ann-clinmicrob.com/content/5/1/3

demonstrated [21-28]. Another important protein, p-glyc-
oprotein, has also been shown to interplay with CYP3A4
in rifampicin inducing drug-drug interactions [29]. This
paper reviews these recent findings, focusing on the
molecular mechanisms of rifampicin-inducing drug
metabolism.

History of rifampicin-inducing drug-drug interactions
Rifampicin-inducing  drug-drug interactions were
recorded 25 years ago, and those affected include antico-
agulants, hypoglycaemia agents and contraceptives [30-
32]. The average elimination half-life of hexobarbital was
decreased from 624 to 262 min and that of tolbutamide
from 292 to 160 min following rifampicin treatment in
patients with cirrhosis or cholestasis [31]. Rifampicin at
600 mg/day caused about a 3 fold increase in pro-
pranolol's clearance [33]. During concurrent treatment
with prednisolone, rifampicin increased the plasma clear-
ance of prednisolone by 45% and reduced areas under
curves (AUC) by 66%, and these interactions have been
reviewed recently [19,34].

The rifampicin-inducing drug-drug interactions were first
discovered by Remmer (1972) to be caused by increased
levels of cytochrome P450 (CYP), a large group of heme-
containing monoxygenase isoenzymes encoded by a gene
superfamily [35-37]. Total human CYP was markedly
increased by rifampicin in needle biopsy samples taken
from human liver. It was found that concomitant admin-
istration of rifampicin and oral contraceptives could lead
to failure of the antifertility effect of the latter [38]. Further
studies elucidated the interaction to be caused by
increased estradiol metabolism [39,40]. Increased metab-
olism of estrodiol in the presence of rifampicin was
caused by the induction of estrogen-2-hydroxylation,
which is catalysed mainly by CYP1A2 and also CYP1A1,
CYP1B1 and CYP3A4 [41-43]. So far, many different CYPs
have been identified. Thus, each individual CYP is
assigned to a family, subfamily and number, so CYP1A2
stands for family 1, subfamily A, and isoform 2 [36].
Within the same family, all CYP proteins share at least 40
% sequence identity in their amino acid sequence, and
within the same subfamily, at least 55% [37].

In 1998, a member of the nuclear receptor superfamily-
PXR was found and named, based on its activation by
both natural and synthetic C21 steroids (pregnanes) [15-
17]. PXR was related to CYP3A4 and both are highly coex-
pressed in the liver and intestine. PXR is also activated by
CYP3A4 inducers including drugs such as rifampicin, dex-
amethasone, indinavir, paclitaxel, pesticides such as trans-
nonachlor, chlordane, endocrine disruptors such as
phthalic acid, nonylphenol and other environmental con-
taminants such as polychlorinated biphenols [21]. Fur-
ther experiments have demonstrated that PXR
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Figure 2

Transcriptional activation of rifampicin target genes. Pregnane X receptor (PXR) binds with rifampicin in the cytoplasm and
enters into nucleus to form a heterodimer with retinoic acid receptor (RXR). The heterodimer binds to the promoter of a tar-
get gene to activate the transcription of its open reading frame (ORF).

transcriptionally regulates CYP3A4. Thus, PXR can bind to
CYP3A4 promoters to activate reporter genes, a process
that is disregulated in PXR-null mice [19,44].

In addition to CYP3A4, PXR also upregulates a large
number of genes involved in xenobiotic detoxification,
including enzymes of phase 1, II and I1I drug metabolism
(Fig 1). These have been characterised by gene profiling
studies performed with pregnenolone 16a-carbonitrile in
wild-type and PXR-null mice [45]. The genes regulated by
PXR include those encoding CYP enzymes, p-glycopro-
tein, aldehyde dehydrogenases, UDP-glucuronosyltrans-
ferases (UGTs), sulfonyltransferases and glutathione-S-
transferases (GSTs).

Mechanism of induction of rifampicin- role of PXR

The mechanism of rifampicin-mediated induction of CYP
enzymes is now better understood. As mentioned earlier,
this induction is mediated by the activation of PXR, which
functions as a ligand-activated transcription factor
[21,22]. Thus, when a PXR ligand binds to PXR, it in turn
activates transcription of CYP 3A4 and several other genes

(Fig 2).

The mechanism of PXR in regulating CYP3A4 involves it
binding to response elements of the CYP3A4 gene that
confers transactivation. PXR binds to CYP3A promoters
together with the 9-cis retinoic acid receptor (RXR) as a
heterodimer to ER6 (everted repeat with a 6 bp spacer)
elements [25,46]. In the CYP3A4 gene, two PXR elements
(distant and proximal) have been identified that are sepa-

rated by more than 7000 nucleotides. Disruption of the
distant and proximal elements causes a 73% and 53%
decrease in the respective reporter activities. However, in
vitro binding studies showed that the proximal element
was preferred [42]. Chromatin immunoprecipitation
experiments showed that the genomic fragment harbour-
ing the proximal element was preferably precipitated over
the fragment containing the distant element in the
CYP3A4 gene [47]. The fact that CYP3A4 is disregulated in
PXR-null mice further demonstrates a role for PXR in
CYP3A4 activation [44].

Thus, rifampicin has been clearly identified as a PXR acti-
vator by binding to PXR [48]. It also modulates PXR bind-
ing to PXR elements of the CYP3A4 promoter [47].
Studies by X-ray crystallography indicated the overall
architecture of PXR binding to rifampicin comprised 12 o.-
helices that fold to form a hydrophobic pocket in the
lower portion of the protein [20]. The large volume of the
PXR ligand-binding pocket characterised by a smooth,
elliptical shape explains why PXR acts as a broad-specifi-
city sensor of lipophilic xenobiotics.

Another receptor, constitutive androstane receptor (CAR),
is also involved in CYP3A4 transcriptional regulation.
CARis a member of the steroid/retinoid/thyroid hormone
receptor superfamily. It has been demonstrated that CAR
can trans-activate CYP3A4 gene expression both in vitro
and in vivo [49]. The CAR response elements are also
bound by PXR, indicating their interplay in CYP3A4
expression.
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CAR has been demonstrated to cross-talk with PXR, i.e.
they share some ligands capable of binding to each other's
DNA response elements [44,45,49]. It was also confirmed
in chimeric mice with humanized mice liver in which
both human CYP3A4 mRNA and protein production was
dramatically increased by rifampicin [50]. In receptor-null
mice, PXR and CAR regulate overlapping but distinct sets
of genes [45]. The significance of cross-talk could be that
CAR and PXR together compensate for the loss or mal-
function of each other to a certain extent. However,
rifampicin has a much lower effect on CAR than PXR [45].

Effect of rifampicin on CYPs through PXR

CYPs are mainly found on the smooth endoplasmic retic-
ulum membranes in liver hepatocytes and along the intes-
tinal tract mucosal surface [51]. CYPs play an important
role in protecting organisms from potentially toxic com-
pounds, by their ability to biotransform lipophilic sub-
strates of diverse structures into more water-soluble
metabolites that are subsequently excreted from the body
[37,52]. They are also essential for eukaryotic life because
of their roles in the metabolism of sterols such as choles-
terol, bile acids, fatty acids, prostaglandins, leukotrienes,
retinoids as well as biogenic amines [51,53].

These CYPs are important in drug metabolism as they cat-
alyse metabolic reactions involving thousands of sub-
strates in over 60 different types of reactions [54].
Rifampicin can induce many CYPs including CYP2A,
CYP2B, CYP2C and CYP3A [51]. Among the many differ-
ent subsets of these enzymes, CYP3A4 is the most abun-
dant, in both the liver and the intestinal tract. CYP3A4 is
responsible for the oxidative metabolism of a wide variety
of substrates, involving steroid catabolism and metabo-
lism of foreign compounds, with many of the clinically
used drugs being substrates for CYP3A4. It is also a key
enzyme in chemical carcinogenesis in both the liver and
extrahepatic tissues [55].

The reactions catalysed by CYP3A4 include N-oxidation,
C-oxidation, N-dealkylation, O-dealkylation, nitro-reduc-
tion, dehydration and C-hydroxylation [55]. CYP3A4 is
the primary catalyst of steroid 6[-hydroxylation [56].
These broad reactions are explained by the structure of the
CYP3A4 active site which recently has been characterised
by X-ray crystallography [57].

CYP3A4 is more efficiently induced than other CYPs
[51,58-60]. In primary human hepatocytes, 20 microM
rifampicin increased CYP3A4 mRNA by 14 fold, but
CYP2B6 by only 2.1 fold [61]. CYP3A4 appears to be reg-
ulated transcriptionally by a variety of structurally diverse
compounds and hormones [46,62]. In cultured hepato-
cytes, triiodothyronine decreased CYP3A4 enzyme activity
as well as protein and mRNA levels, while dexamethasone
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and growth hormone increased CYP3A4 gene expression
[63].

Rifampicin is involved in drug-drug interaction by its
induction of CYPs, especially CYP3A4, and CYP3A4
mRNA is induced by rifampicin in blood mononuclear
and liver HepG2 cells [64-66]. The CYP3A4 gene has also
been isolated and cloned. A 20-bp region residing -150 bp
upstream of the transcription initiation site has been
shown to confer responsiveness to rifampicin [67]. The
relative potency in inducing CYP3A4 by the rifamycins is
rifampicin > rifapentine > rifabutin [10].

Rifampicin can induce both gut (enterocytic) and liver
(hepatic) CYP, especially CYP3A4, and increase its own
metabolism (autoinduction), but the induced metabolic
pathway is still not clear [27]. In healthy volunteers,
repeated oral administration of rifabutin (450 mg daily
for 10 days) led to lower AUC and minimal blood concen-
tration (Cmin) values, compared to the corresponding
theoretical values, with an unchanged half-life [26]. This
indicates induced metabolism, although it is unclear as to
which specific enzymes are involved. Rifabutin, its deriva-
tives and metabolites, are likely to be metabolised by
CYPs, particularly by CYP3A4 [29,68]. If CYPs are
involved in rifampicin metabolism, how they act is not
clear [29].

There are marked individual variations in the expression
of CYP that affect the biological response (efficacy and/or
toxicity) of many drugs as well as individual responses to
CYP inducers [62,69]. In humans, a 10-fold variation
exists among individuals for rifampicin inducing CYP3A4
expression [70,71]. In the liver, substantial interindivid-
ual differences in CYP3A4 expression have been detected
that could not be explained by environmental factors
[70]. A similar situation was found in the intestine
whereby CYP3A4 mRNA levels in biopsies of mucosa of
five healthy subjects varied by about 10 fold [71]. These
differences could in part account for interpatient differ-
ences in the oral bioavailability of CYP3A4 substrates.

It has been well demonstrated that rifampicin-induced
CYP2C9 is mediated by PXR [72]. Deletion and mutagen-
esis studies showed that the functional PXR-responsive
element is located between -1839/-1824 base pairs
upstream from the translation start site previously identi-
fied to be CAR-responsive element, and essential for
rifampicin inducibility. A second CAR- responsive ele-
ment located at -2899/-2883 also has a cooperative effect.

In addition, PXR and CAR activate CYP2B6 by transcrip-
tional regulation, although not all CYP2B6 inducers acti-
vate PXR [73]. A phenobarbital-responsive enhancer
module (PBREM) has been identified, although for
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human CYP2B6, PBREM effects only a weak response to
PXR and CAR. A novel nuclear receptor response module
that strongly binds to both PXR and CAR has been
described and is known as the xenobiotic-responsive
enhancer module (XRE) [74].

Effect of rifampicin on glucuronosyltransferases through
PXR

Rifampicin can induce UDP-glucuronosyltransferase 1A
(UGT1A) that catalyses the glucuronidation of a wide
range of xenobiotics and endogenous substrates
[48,75,76]. UGT1A is regulated by many factors in a tis-
sue-specific manner [77,78]. Both PXR and CAR mediate
expression of UGT1A [79-81]. Transgenic mice expressing
a constitutively active form of human PXR show a mark-
edly increase of UGT activity [79]. A XRE in the UGT1A
gene was thought to be responsible for this induction
[80]. The rifampicin mediated-UGT increase may lead to
increased clearance of steroids, heme, environmental tox-
ins and drugs [79].

Effect of rifampicin on p-glycoprotein through PXR

Studies in humans have long indicated that drug trans-
porters are involved in rifampicin hepatic and intestinal
uptake. p-Glycoprotein is a plasma membrane-bound
drug efflux (multidrug resistance pump), a 170 kDa phos-
phorylated and glycosylated protein, 1280 amino acids
long, which consists of two homologous halves of 610
amino acids joined by a flexible 60 amino acid linker [82].
p-Glycoprotein belongs to the ATP binding cassette super-
family of transport proteins encoded by the multidrug
resistance genes (MDR) and was found primarily in drug-
eliminating organs, including the kidney, liver, brain,
intestinal lumen, testes, adrenal gland, pregnant uterus,
tumour cells and epithelial cells [83,84]. They play an
important role in drug absorption and disposition, as a
biological barrier by extruding toxins and xenobitics from
cells rather than by enhancing the excretion of drugs from
hepatocytes and renal tubules. Human p-glycoprotein
plays an important role in drug efflux through these barri-
ers. Recent paired human tissue studies have shown p-
glycoprotein and CYP3A4 protein contents in intestine
were higher than in liver, which might indicate an impor-
tant role for the intestine in drug metabolisms [85].

Should the p-glycoprotein be induced by rifampicin, for
example, then the drug's therapeutic usefulness will
decline as more drugs are pumped out of the cells. p-Glyc-
oprotein has only recently been identified and thus the
potential risk of p-glycoprotein-mediated drug interac-
tions has probably been underestimated in the past. Many
druginteractions have been shown to involve both p-glyc-
oprotein and CYP3A4 due to overlapping substrate specif-
icity between them, and similarities in their inhibitors and
inducers, as for example, with the coinduction of CYP3A4
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and p-glycoprotein by rifampin in human LS180 colon
carcinoma cells [86]. Furthermore, p-glycoprotein can
control drug access to intracellular CYP3A4 through
repeated cycles of drug absorption and efflux, as demon-
strated by the studies with cyclosporine, a p-glycoprotein
and CYP3A4 inhibitor and GG918, a p-glycoprotein
inhibitor only [23]. After inhibition of GG918, K77, a
substrate for p-glycoprotein and CYP3A4, accumulated in
the cell and metabolism was increased, but felodipine, a
substrate of CYP3A4 but not p-glycoprotein was not
changed [23]. Cyclosporine decreased the metabolisms of
both K77 and felodipine. In another study, inhibition of
p-glycoprotein increased both intestinal uptake and
blood concentrations of verapamil but with no changes in
its rate of metabolism [87].

Rifampicin both induces p-glycoprotein expression and
reduces digoxin concentrations during concomitant ther-
apy [88,89]. In healthy volunteers, oral administration of
digoxin with rifampicin showed lower plasma concentra-
tions than in those without. This was less pronounced if
digoxin was given intravenously. Correspondingly, p-glyc-
oprotein content was 3.5 fold higher after rifampicin
treatment [88]. Any regulation is likely to take place at the
transcriptional level since increased mRNA levels were
detected [90-92]. In healthy subjects, administration of
600mg rifampicin for 9 days upregulated p-glycoprotein
mRNA synthesis [92].

The induction of MDR1, a gene encoding p-glycoprotein,
is also activated by PXR which binds to PXR response ele-
ments located upstream of the MDR1 gene [93]. Only one
DR4 (direct repeat with a 4 bp spacer) motif (at about -8
kilobase pairs) was shown to be necessary for the induc-
tion by rifampicin, although several other binding sites
were identified. It has been demonstrated in mouse
hepatoma cell culture and rats that dexamethasone
induces the expression of MDR1 and MDR3, with two
genes encoding for p-glycoprotein in the mouse [94,95].

Other factors

PXR is also regulated by a hepatic nuclear factor
4a(HNF4a), which regulates many genes preferentially
expressed in liver [22]. HNF4a is stimulated by hepatic
maturation factors, such as oncostatin and matrigel, and
plays an important role in early embryogenesis [96]. In a
fetal hepatocyte primary culture system, inactivation of
HNF4a by infection with an adenovirus containing the
Cre gene leads to suppression of PXR [97]. An HNF4a
antisense RNA has been transducted into human hepato-
cytes, which resulted in the reduction of HNF4o protein
and CYP3A4 [98].

An HNF4o binding site has been characterised in the PXR
promoter that is necessary for expression of PXR in fetal
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Table I: Example drugs affected by rifampicin through different mechanisms

Mediated p-glycoprotein CYPIA2 CYP2B6 CYP2C9 CYP2CI9 CYP3A4

proteins

Affected Anesthetics: Ropivacaine [| 18] Cyclophosphamine [74] Alfentanyl [13]

drugs Ropivacaine [118]
Analgesics: Mexiletine [1 [9] Codeine [19]

Anti-arrhythmics:
Anti-cancer drugs:
Anti-epileptics:
Anti-histamines:

Anti-microbials:

Benzodiazepines:

Cardiac drugs:

CNS drugs:

Gastro-enterology
drugs:
HIV Antivirals:

HMG CoA Reductase
Inhibitors:

Hypoglycemics

Immune Modulators:

Steroids:

Cyclophosphamide [74]
Ifosfamide [74]

Fexofenadine [123]
Terfenadine [123]

Erythromycin [124]

Digoxin* [88]

Propranolol [13]
Quinidine [13]

Verapamil [19]

Amitriptyline [125]
Bupropion [1 4]
Clomipramine [125]
Clozapine [19]
Ondansetron [ 9]

Indinavir [ 13]
Nelfinavir [13]
Ritonavir [13]

Cyclosporine [105]
Tacrolimus [17]
Methotrexate [19]
Cortisol [19]
Corticosterone [19]
Dexamethason [19]

Estradiol [19]

Cyclophosphamide [74]

Ifosfamide [74]

Bupropion* [| 14]
Methadone [19]

Efavirenz [13]

Pioglitazone [127]

Cyclophosphamide [74]

Mephenytoin [122]

Propranolol [13]
Warfarin* [ 13]

Amitriptyline [125]
Clomipramine [125]

Nelfinavir [13]

Fluvastatin [109]
Losartan [109]

Glibenclamide [13]
Glipizide [13]
Nateglinide [13]
Rosiglitazone* [ 10]
Tolbutamine [13]

Propranolol [12]

Amitriptyline [|19]
Clomipramine [ 19]
Phenytoin [120]
Clozapine [19]

Nelfinavir [12]

Cerivastatin [103]

Repaglinide [12]

Dapsone [19]
Mexiletine [| 9]
Propafenone [120]
Quinidine [19]
Cyclophosphamide [74]
Imatinib [121]
Tamoxifen [19]

Fexofenadine [123]
Terfenidine [123]
Clarithromtcein [13]
Erythromycin [124]
Itraconazole [13]
Ketoconazole [13]
Miconazole [13]
Alprazolam [13]
Diazepam [13]
Midazolam [13]
Triazolam [13]
Nifedipine [13]
Propranolol [13]
Verapamil [19]

Amitriptyline [125]
Buspirone [19]
Clomipramine [125]
Zolpidem [19]

Amprenavir [13]
Delavirdine [13]
Indinavir [13]
Nelfinavir [13]
Nevirapine [13]
Ritonavir [13]
Saquinavir [| 3]
Atorvastatin [109]
Cerivastatin [109]
Lovastatin [109]
Simvastatin * [| 08]

Pioglitazone [127]

Cyclosporine® [105]
Sirolimus [17]
Tacrolimus [19]
Estradiol [19]
Ethinyloestradiol [19]
Hydrocortisone [19]
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hepatocytes [97]. Thus, HNF4a is identified as the key
transcriptional factor for PXR. A specific cis-acting ele-
ment of gene enhancer in CYP3A4 has also identified
which confers HNF4a binding and permits PXR- and
CAR-mediated gene activation [22].

The molecular mechanisms that underlie transcriptional
activation of CYP3A4 are complex involving regulatory
factors other than PXR and CAR. These include glucocor-
ticoid and Vitamin D receptors. The CYP3A4 promoter
may also be regulated through mechanisms other than
PXR effects, including glucocorticoid-induced CYP3A4
gene expression, through the established PXR-dependent
pathway and a PXR-independent pathway [99]. Disrup-
tion of a responsive element in the CYP3A4 proximal pro-
moter for hepatocyte nuclear factor 3 and CCATT-
enhancer binding protein alpha affects its induction by
glucocorticoids, dexamethasone and hydrocortisone, but
not that by rifampicin. Vitamin D3 has also been shown
to induce CYP3A4 independently of PXR [100-102].

Explanation of drug-drug interactions

Some of the drugs affected by rifampicin are listed in
Table 1. Theoretically, any drugs or foods that affect the
activation or inhibition of PXR, and/or CYP3A4 and/or p-
glycoprotein will interact. CYP3A4 catalyse the metabo-
lism of more than 60% of all drugs currently in use includ-
ing contraceptive steroids, immunosuppressive agents,
imidazole antimycotics and macrolide antibiotics.
"Foods" such as grapefruit juice, black pepper inhibit
CYP3A4 so causing increased drug levels with resulting
therapeutic complications [89,103,104].

The drugs affected by or those that affect rifampicin have
been extensively reviewed elsewhere [6-11,13,14]. How-
ever, the mechanisms for these interactions are not well
studied, especially now that considerable progress has
been made in understanding the molecular mechanisms
of rifampicin. The following examples are selected to rep-
resent the major clinically significant rifampicin-inducing
drug-drug interactions mainly via the target genes
CYP3A4, CYP2C9, CYP2B6 and p-glycoprotein, and these
are labelled with * in Table 1.

Cyclosporine (CYP3A4)

Interaction of the immunosuppressant cyclosporine and
rifampicin is well documented. Doses of cyclosporine had
to be increased about 3 fold to maintain its therapeutic
blood concentration when coadministrated with
rifampicin [105]. A case report has shown that intrave-
nous rifampicin injection led to failure of bone marrow
transplantation resulting from subtherapeutic
cyclosporine blood levels [106].
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Cyclosporine is mainly metabolized by CYP3A4 in
human liver [107]. Dexamethasone-induction of
cyclosporine metabolism is inhibited by anti-CYP3A4
antibodies in vitro and so it is quite likely that rifampicin-
inducing cyclosporine metabolism is mediated via
CYP3A4 although this has not yet been confirmed by in
vitro experiments [71].

Simvastatin (CYP3A4)

Simvastatin is used to treat hypercholesterolemia and is
metabolised to inactive metabolites by CYP3A4.
Rifampicin has been shown to reduce its effective concen-
tration while diltiazem, a CYP3A4 inhibitor increases its
concentration [108]. In healthy volunteers, 5 day pre-
treatment with rifampicin at a dose of 600 mg daily fol-
lowing a single 40 mg dose of simvastatin led to reduced
plasmid concentrations of simvastatin of 87 % compared
with the control [109]. Thus, concomitant administration
of rifampicin and simvastatin can lead to greatly reduced
cholesterol lowering efficiency of simvastatin.

Rosiglitazone (CYP2C9)

Rosiglitazone is a novel thiazolidinedione antidiabetic
drug. Its interaction with rifampicin has been studied in a
clinical trial [110]. When ten healthy subjects were
administered 8 mg of rosiglitazone after a 6 day pre-treat-
ment of rifampicin at a dose of 600 mg daily, rifampicin
decreased the plasma concentration of rosiglitazone by
65% and its elimination half-life from 3.9 to 1.5 hrs.
Because rosiglitazone is metabolised by CYP2C8 and
CYP2Q9, it is proposed that the induction of these CYPs is
the basis for this interaction [110,111].

Warfarin (CYP2C9)

Warfarin is an anticoagulant drug metabolized by
CYP2C9 to 7-hydroxywarfarin [72,112]. Rifampicin
increases the rate of clearance of warfarin, thus reducing
its effect. In a patient receiving concomitant treatment
with rifamycin and warfarin, a 233% increase in warfarin
dosage over 4 months was insufficient to attain a thera-
peutic level and more aggressive upward titration of dose
was needed [14,13]. This may be the result of rifampicin
induced CYP2C9, which in turn accelerated warfarin
metabolism.

Bupropion (CYP2B6)

Bupropion, an antidepressant drug, is metabolized by
CYP2B6. Bupropion is hydroxylased by microsomes con-
taining cDNA-expressed CYP2B6 and the reaction is sub-
ject to 95% inhibition by CYP2B6 inhibitory antibody
[114]. High interdividual variability is thought to be a
consequence of interactions between environmental and
genetic influences on CYP2B6 gene function [115]. Thus,
rifampicin induction of CYP2B6 should lead to increased
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bupropion metabolism, but no data are available to sup-
port this view.

Digoxin (p-glycoprotein)

Clinical observations have shown that digoxin serum con-
centration decreased considerably in patients who were
treated with rifampicin. This is of special interest since
digoxin is generally considered to be renally eliminated
[116,117]. In healthy volunteers, co-administration of
digoxin and rifampicin orally resulted in plasma concen-
tration of digoxin being much lower during rifampicin
treatment. However, the effect was less pronounced after
intravenous administration of digoxin [88].

The interaction is mainly mediated by p-glycoprotein in
the intestine and intestinal p-glycoprotein content
increased 3.5 fold on treatment with rifampicin, which
correlated with the decrease in its plasma concentration
after oral administration of digoxin [88]. Thus, induction
of p-glycoprotein could explain the rifampicin-digoxin
interaction.

Rifampicin-inducing hepatotoxicity

Rifampicin is very toxic to liver, this having been found
both in the treatment of tuberculosis and cholestasis
[128-130]. When it was used together with pyrazinamide,
a 5.8% incidence of severe liver injury was reported, 2.6%
with isoniazid and 1.1% alone [130]. The pathogenesis of
hepatotoxicity is poorly understood although limited evi-
dence has been obtained. Histopathological examination
showed dose-related hepatic necrosis, ballooning degen-
eration and inflammatory infiltratrates [130,131]. A pos-
sible explanation is the increased CYP related effects on
calcium homeostasis [132]. It may also be that via oxidant
stress, increased lipid peroxidation occurs [133]. In the
case when rifampicin and isoniazid are used together,
rifampicin may increase isoniazid toxicity though induc-
tion of CYPs because acetyl-isoniazid from isoniazid is
converted to monoacetyl hydrazine, which is catalysed by
CYPs to other hepato-toxic compounds. There were no
reports if nuclear receptors were involved in this patho-
genesis.

Conclusion

A common pattern for the molecular mechanisms of
rifampicin-inducing drug-drug interaction is rifampicin -
PXR/CAR - CYPs, UGTs, GSTs and p-glycoprotein. The
possible pathways for rifampicin effects on other drugs are
summarised in Table 1. However, other drugs may act in
a similar way to rifampicin, or by other pattern as seen
with dexamethasone. Therefore, how they act individually
is probably complex.

More studies are needed to further increase our knowl-
edge of rifampicin induced drug-drug interactions. Firstly,
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aspects of the molecular mechanism including how
rifampicin activates PXR and modulates their binding to
the promoters of CYP3A4 and other target genes should
be explored. Secondly, the characterisation of drugs
affected by rifampicin and elucidation of their mecha-
nisms of interactions are urgently needed.

List of abbreviations
AUC: areas under curves

CAR: constitutive androstane receptor

CYP: cytochrome P450

DR4: direct repeat with a 4 bp spacer

ERG: everted repeat with a 6 bp spacer

HNF 4a.: hepatic nuclear factor 4o

GSTs: glutathione-S-transferases

MDR: multidrug resistance genes

PBREM: phenobarbital-responsive enhancer

PXR: pregnane X receptor

RXR: 9-cis retinoic acid receptor

UGTs: UDP-glucuronosyltransferases

UGT1A: UDP-glucuronosyltransferase 1A

XRE: xenobiotic response element

Competing interests

The author(s) declare that they have no competing inter-
ests.

Authors' contributions

KR and JC discussed the most recent progress in the field
and formed the concept for the review. JC did the litera-
ture search and prepared the first draft of the manuscript.
KR then revised and approved this version of the paper to

be submitted for publication.

Acknowledgements

The authors are grateful for Professor Seviour, Director of the Biotechnol-
ogy Research Centre, La Trobe University, Bendigo for his critical reading
of the manuscript.

References

l. Dlodlo RA, Fujiwara Pl, Enarson DA: Should tuberculosis treat-
ment and control be addressed differently in HIV-infected
and -uninfected individuals? Eur Respir | 2005, 25:751-7.

Page 8 of 11

(page number not for citation purposes)

Ex. 2001-1304



Annals of Clinical Microbiology and Antimicrobials 2006, 5:3

20.

21.

22.

23.

24.

25.

26.

27.

28.

Nies AS: Principles of the therapeutics. In Goodman & Gilman's
The Pharmacological Basis of Therapeutics 10th edition. Edited by: Hard-
man )G, Limbird LE, Molinoff PB. New York: McGraw-Hill Inc;
2001:45-66.

le Grand A, Hogerzeil HVY, Haaijer-Ruskamp FM: Intervention
research in rational use of drugs: a review. Health Policy Plan
1999, 14:89-102.

Davies PD, Yew WW: Recent developments in the treatment
of tuberculosis. Expert Opin Investig Drugs 2003, 12:1297-312.
Mitchison DA: The diagnosis and therapy of tuberculosis dur-
ing the past 100 years. Am | Respir Crit Care Med 2005,
171:699-706.

Guernsey BG, Alexander MR: Tuberculosis: review of treatment
failure, relapse and drug resistance. Am | Hosp Pharm 1978,
35:690-8.

Neralla S, Glassroth J: Mycobacterium tuberculosis: the treat-
ment of active disease. Semin Respir Infect 2003, 18:392-306.
Benedetti SM, Efthymiopoulos C, Sassella D, et al.: Autoinduction of
rifabutin metabolism in man. Xenobiotica 1990, 20:1113-9.
Benedetti SM, Dostert P: Induction and autoinduction proper-
ties of rifamycin derivatives: a review of animal and human
studies. Environ Health Perspect 1994, 102:101-5.

Loos U, Musch E, Jensen JC, et al.: Pharmacokinetics of oral and
intravenous rifampicin during chronic administration. Klin
Wochenschr 1985, 63:1205-11.

Jordan MK, Polis MA, Kelly G, et al: Effects of fluconazole and
clarithromycin on rifabutin and 25-O-desacetylrifabutin
pharmacokinetics. Antimicrob Agents Chemother 2000, 44:2170-2.
Karan RS, Bhargava VK, Garg SK: Effect of trikatu, an Ayurvedic
prescription, on the pharmacokinetic profile of rifampicin in
rabbits. | Ethnopharmacology 1999, 64:259-264.

Niemi M, Backman JT, Fromm MF, et al: Pharmacokinetic inter-
actions with rifampicin : clinical relevance. Clin Pharmacokinet
2003, 42:819-50.

Baciewicz AM, Self TH: Rifampin drug interactions. Arch Intern
Med 1984, 144:1667-71.

Venkatesan K: Pharmacokinetic drug interactions with
rifampicin. Clin Pharmacokinet 1992, 22:47-65.

Borcherding SM, Baciewicz AM, Self TH: Update on rifampin drug
interactions. Il. Arch Intern Med 1992, 152:711-6.

Strayhorn VA, Baciewicz AM, Self TH: Update on rifampin drug
interactions, lll. Arch Intern Med 1997, 157:2453-8.

Burman W), Gallicano K, Peloquin C: Comparative pharmacoki-
netics and pharmacodynamics of the rifamycin antibacteri-
als. Clin Pharmacokinet 2001, 40:327-41.

Finch CK, Chrisman CR, Baciewicz AM: Rifampin and rifabutin
drug interactions: an update. Arch Intern Med 2002, 162:985-92.
Yew WW: Clinically significant interactions with drugs used
in the treatment of tuberculosis. Drug Saf 2002, 25:111-33.
Bertilsson G, Heidrich ], Svensson K: Identification of a human
nuclear receptor defines a new signaling pathway for CYP3A
induction. Proc Natf Acad Sci U S A 1998, 95:12208-13.

Blumberg B, Sabbagh WJr, Juguilon H: SXR, a novel steroid and
xenobiotic-sensing nuclear receptor. Genes Dev 1998,
12:3195-205.

Kliewer SA, Moore JT, Wade L: An orphan nuclear receptor acti-
vated by pregnanes defines a novel steroid signaling path-
way. Cell 1998, 92:73-82.

Lehmann JM, McKee DD, Watson MA: The human orphan
nuclear receptor PXR is activated by compounds that regu-
late CYP3A4 gene expression and cause drug interactions. |
Clin Invest 1998, 102:1016-23.

Goodwin B, Hodgson E, Liddle C: The orphan human pregnane
X receptor mediates the transcriptional activation of
CYP3A4 by rifampicin through a distal enhancer module.
Mol Pharmacol 1999, 56:1329-39.

Watkins RE, Wisely GB, Moore LB: The human nuclear xenobi-
otic receptor PXR: structural determinants of directed pro-
miscuity. Science 2001, 292:2329-33.

Kliewer SA, Willson TM: Regulation of xenobiotic and bile acid
metabolism by the nuclear pregnane X receptor. | Lipid Res
2002, 43:359-64.

Tirona RG, Lee W, Leake BF: The orphan nuclear receptor
HNF4alpha determines PXR- and CAR-mediated xenobiotic
induction of CYP3A4. Nat Med 2003, 9:220-4.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

45.

46.

47.

48.

49.

50.

51.

52.

53.

http://www.ann-clinmicrob.com/content/5/1/3

Cummins CL, Salphati L, Reid MJ: In vivo modulation of intestinal
CYP3A metabolism by P-glycoprotein: studies using the rat
single-pass intestinal perfusion model. | Pharmacol Exp Ther
2003, 305:306-14.

Self TH, Mann RB: Interaction of rifampin and warfarin. Chest
1975, 67:490-1.

Zilly W, Breimer DD, Richter E: Stimulation of drug metabolism
by rifampicin in patients with cirrhosis or cholestasis meas-
ured by increased hexobarbital and tolbutamide clearance.
Eur | Clin Pharmacol 1977, 1 1:287-93.

Back D, Breckenridge AM, Crawford FE: The effect of rifampicin
on the pharmacokinetics of ethynylestradiol in women. Con-
traception 1980, 21:135-43.

Herman R}, Nakamura K, Wilkinson GR: Induction of propranolol
metabolism by rifampicin. Br J Clin Pharmacol 1983, 16:565-9.
McAllister WA, Thompson PJ, Al-Habet SM: Rifampicin reduces
effectiveness and bioavailability of prednisolone. Br Med | (Clin
Res Ed) 1983, 286:923-5.

Schoene B, Fleischmann RA, Remmer H: Determination of drug
metabolizing enzymes in needle biopsies of human liver. Eur
J Clin Pharmacol 1972, 4:65-73.

Nelson DR, Kamataki T, Waxman D): The P450 superfamily:
update on new sequences, gene mapping, accession num-
bers, early trivial names of enzymes, and nomenclature.
DNA Cell Biol 1993, 12:1-51.

Nelson DR, Koymans L, Kamataki T: P450 superfamily: update on
new sequences, gene mapping, accession numbers and
nomenclature. Pharmacogenetics 1996, 6:1-42.

Reimers D, Jezek A: The simultaneous use of rifampicin and
other antitubercular agents with oral contraceptives. Prax
Pneumol 1971, 25:255-62.

Bolt HM, Bolt M, Kappus H: Interaction of rifampicin treatment
with pharmacokinetics and metabolism of ethyloestradiol in
man. Acta Endocrinol 1977, 85:189-197.

Bolt HM: Rifampicin, a keystone inducer of drug metabolism:
from Herbert Remmers's pioneering ideas to modern con-
cepts. Drug Metabolism Reviews 2004, 36:497-509.

Guengerich FP: Metabolism of 17 alpha-ethynylestradiol in
humans. Life Sci 1990, 47:1981-1988.

Badawi AF, Cavalieri EL, Rogan EG: Role of human cytochrome
P450 |AIl, 1A2, IBI, and 3A4 in the 2-, 4-, and |6alpha-
hydroxylation of |7beta-estradiol. Metabolism 2001,
50:1001-1003.

Lee AJ, Cai MX, Thomas PE: Characterization of the oxidative
metabolites of |7beta-estradiol and estrone formed by 15
selectively expressed human cytochrome p450 isoforms.
Endocrinology 2003, 144:3382-3398.

Xie W, Barwick JL, Downes M: Humanized xenobiotic response
in mice expressing nuclear receptor SXR. Nature 2000,
406:435-9.

Maglich M, Stoltz CM, Goodwin B: Nuclear pregnane x receptor
and constitutive androstane receptor regulate overlapping
but distinct sets of genes involved in xenobiotic detoxifica-
tion. Mol Pharmacol 2002, 62:638-46.

Waxman DJ: P450 gene induction by structurally diverse xen-
ochemicals: central role of nuclear receptors CAR, PXR, and
PPAR. Arch Biochem Biophys 1999, 369:11-23.

Song X, Xie M, Zhang H: The pregnane X receptor binds to
response elements in a genomic context-dependent man-
ner, and PXR activator rifampicin selectively alters the bind-
ing among target genes. Drug Metab Dispos 2004, 32:35-42.

Rae JM, Johnson MD, Lippman ME: Rifampin is a selective, pleio-
tropic inducer of drug metabolism genes in human hepato-
cytes. [ Pharmacol Exp Ther 2001, 299:849-57.

Goodwin B, Hodgson E, D'Costa DJ: Transcriptional regulation
of the human CYP3A4 gene by the constitutive androstane
receptor. Mol Pharmacol 2002, 62:359-65.

Katoh M, Matsui T, Nakajima M: I n vivo induction of human cyto-
chrome P450 enzymes expressed in chimeric mice with
humanized liver. Drug Metab Dispos 2005, 35:863-75.

Waxman D], Azaroff L: Phenobarbital induction of cytochrome
P-450 gene expression. Biochem [ 1992, 281:577-92.

Nebert DW, Russell DW: Clinical importance of the cyto-
chromes P450. Lancet 2002, 360:1155-62.

Werck-Reichhart D, Feyereisen R: Cytochromes P450: a success
story. Genome Biol 2000, 1:1-9.

Page 9 of 11

(page number not for citation purposes)

Ex. 2001-1305



Annals of Clinical Microbiology and Antimicrobials 2006, 5:3

54.

55.

56.

57.

58.

59.

60.

6l.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

Tucker GT: Advances in understanding drug metabolism and
its contribution to variability in patient response. Ther Drug
Monit 2000, 22:110-3.

Li AP, Kaminski DL, Rasmussen A: Substrates of human hepatic
cytochrome P450 3A4. Toxicology 1995, 104:1-8.

Waxman D), Lapenson DP, Aoyama T: Steroid hormone hydrox-
ylase specificities of eleven cDNA-expressed human cyto-
chrome P450s. Arch Biochem Biophys 1991, 290:160-6.

Yano JK, Wester MR, Schoch GA: The structure of human
microsomal cytochrome P450 3A4 determined by X-ray
crystallography to 2.05 ' resolution. | Biol Chem 2004,
279:38091-4.

Denison MS, Whitlock JPJr: Xenobiotic-inducible transcription
of cytochrome P450 genes. | Biol Chem 1995, 270:18175-8.
Meyer UA: Overview of enzymes of drug metabolism. | Phar-
macokinet Biopharm 1996, 24:449-59.

Dogra SC, Whitelaw ML, May BK: Transcriptional activation of
cytochrome P450 genes by different classes of chemical
inducers. Clin Exp Pharmacol Physiol 1998, 25:1-9.

Hesse LM, Sakai Y, Vishnuvardhan D: Effect of bupropion on
CYP2B6 and CYP3A4 catalytic activity, immunoreactive
protein and mRNA levels in primary human hepatocytes:
comparison with rifampicin. | Pharm Pharmacol 2003,
55:1229-39.

Shimada T, Yamazaki H, Mimura M: Interindividual variations in
human liver cytochrome P-450 enzymes involved in the oxi-
dation of drugs, carcinogens and toxic chemicals: studies
with liver microsomes of 30 Japanese and 30 Caucasians. |
Pharmacol Exp Ther 1994, 270:414-23.

Liddle C, Goodwin BJ, George ): Separate and interactive regu-
lation of cytochrome P450 3A4 by triiodothyronine, dexam-
ethasone, and growth hormone in cultured hepatocytes. |
Clin Endocrinol Metab 1998, 83:241 |-6.

Gashaw |, Kirchheiner ), Goldammer M: Cytochrome P4503A4
messenger ribonucleic acid induction by rifampin in human
peripheral blood mononuclear cells: correlation with alpra-
zolam pharmacokinetics. Clin Pharmacol Ther 2003, 74:448-57.
Matsuda H, Kinoshita K, Sumida A: Taurine modulates induction
of cytochrome P450 3A4 mRNA by rifampicin in the HepG2
cell line. Biochim Biophys Acta 2002, 1593:93-8.

Glaeser H, Drescher S, Eichelbaum M: Influence of rifampicin on
the expression and function of human intestinal cytochrome
P450 enzymes. Br | Clin Pharmacol 2005, 59:199-206.

Barwick JL, Quattrochi LC, Mills AS: Trans-species gene transfer
for analysis of glucocorticoid-inducible transcriptional acti-
vation of transiently expressed human CYP3A4 and rabbit
CYP3A6 in primary cultures of adult rat and rabbit hepato-
cytes. Mol Pharmacol 1996, 50:10-16.

Trapnell CB, Narang PK, Li R: Increased plasma rifabutin levels
with concomitant fluconazole therapy in HIV-infected
patients. Ann Intern Med 1996, 124:573-6.

Relling MV, Nemec ), Schuetz EG: O-demethylation of epipodo-
phyllotoxins is catalyzed by human cytochrome P450 3A4.
Mol Pharmacol 1994, 45:352-8.

Watkins PB, Murray SA, Winkelman LG: Erythromycin breath
test as an assay of glucocorticoid-inducible liver cyto-
chromes P-450. Studies in rats and patients. | Clin Invest 1989,
83:688-97.

Kolars JC, Schmiedlin-Ren P, Schuetz ]D: Identification of
rifampin-inducible P45011l1A4 (CYP3A4) in human small
bowel enterocytes. | Clin Invest 1992, 90:1871-8.

Chen Y, Ferguson SS, Negishi M: Induction of human CYP2C9 by
rifampicin, hyperforin, and phenobarbital is mediated by the
pregnane X receptor. [ Pharmacol Exp Ther 2004, 308:495-501.
Faucette SR, Wang H, Hamilton GA: Regulation of CYP2B6 in pri-
mary human hepatocytes by prototypical inducers. Drug
Metab Dispos 2004, 32:348-58.

Wang H, Faucette S, Sueyoshi : A novel distal enhancer module
regulated by pregnane X receptor/constitutive androstane
receptor is essential for the maximal induction of CYP2Bé6
gene expression. | Biol Chem 2003, 278:14146-52.

Jemnitz K, Lengyel G, Vereczkey L: In vitro induction of bilirubin
conjugation in primary rat hepatocyte culture. Biochem Bio-
phys Res Commun 2002, 29 1:29-33.

76.

77.

78.

79.

80.

8l.

82.

83.

84.

85.

86.

87.

88.

89.

90.

9l.

92.

93.

94.

95.

96.

97.

http://www.ann-clinmicrob.com/content/5/1/3

Soars MG, Petullo DM, Eckstein JA: An assessment of udp-glu-
curonosyltransferase induction using primary human hepa-
tocytes. Drug Metab Dispos 2004, 32:140-8.

Tukey RH, Strassburg CP: Genetic multiplicity of the human
UDP-glucuronosyltransferases and regulation in the gas-
trointestinal tract. Mol Pharmacol 2001, 59:405-14.

Sugatani ], Kojima H, Ueda A: The phenobarbital response
enhancer module in the human bilirubin UDP-glucuronosyl-
transferase UGTIAI gene and regulation by the nuclear
receptor CAR. Hepatology 2001, 33:1232-8.

Xie W, Yeuh MF, Radominska-Pandya A: Control of steroid,
heme, and carcinogen metabolism by nuclear pregnane X
receptor and constitutive androstane receptor. Proc Natl Acad
Sci U S A 2003, 100:4150-5.

Yueh MF, Huang YH, Hiller A: Involvement of the xenobiotic
response element (XRE) in Ah receptor-mediated induction
of human UDP-glucuronosyltransferase 1Al. | Biol Chem 2003,
278:15001-16.

Sugatani J, Yamakawa K, Tonda E: The induction of human UDP-
glucuronosyltransferase 1Al mediated through a distal
enhancer module by flavonoids and xenobiotics. Biochem Phar-
macol 2004, 67:989-1000.

Juliano RL, Ling VA: Surface glycoprotein modulating drug per-
meability in Chinese hamster ovary cell mutants. Biochim Bio-
phys Acta 1976, 455:152-62.

Mizuno N, Niwa T, Yotsumoto Y: Impact of drug transporter
studies on drug discovery and development. Pharmacol Rev
2003, 55:425-61.

Tanigawara Y: Role of P-glycoprotein in drug disposition. Ther
Drug Monit 2000, 22:137-40.

von Richter O, Burk O, Fromm MF: Cytochrome P4503A4 and P-
glycoprotein expression in human small intestinal entero-
cytes and hepatocytes: a comparative analysis in paired tis-
sue specimens. Clin Pharmacol Ther 2004, 75:172-83.

Schuetz EG, Beck WT, Schuetz |D: Modulators and substrates of
P-glycoprotein and cytochrome P4503A coordinately up-
regulate these proteins in human colon carcinoma cells. Mo/
Pharmacol 1996, 49:311-8.

Johnson BM, Chen W, Borchardt RT: A kinetic evaluation of the
absorption, efflux, and metabolism of verapamil in the
autoperfused rat jejunum. | Pharmacol Exp Ther 2003, 305:151-8.
Greiner B, Eichelbaum M, Fritz P: The role of intestinal P-glyco-
protein in the interaction of digoxin and rifampin. | Clin Invest
1999, 104:147-53.

Dresser GK, Bailey DG: The effects of fruit juices on drug dis-
position: a new model for drug interactions. Eur | Clin Invest
2003, 2:10-16.

Asghar A, Gorski JC, Haehner-Daniels B: Induction of multidrug
resistance-1 and cytochrome P450 mRNAs in hurmman mono-
nuclear cells by rifampin. Drug Metab Dispos 2002, 30:20-6.
Westphal K, Weinbrenner A, Zschiesche M: Induction of P-glyco-
protein by rifampin increases intestinal secretion of talinolol
in human beings: a new type of drug/drug interaction. Clin
Pharmacol Ther 2000, 68:345-55.

Giessmann T, Modess C, Hecker U: CYP2Dé genotype and
induction of intestinal drug transporters by rifampin predict
presystemic clearance of carvedilol in healthy subjects. Clin
Pharmacol Ther 2004, 75:213-22.

Geick A, Eichelbaum M, Burk O: Nuclear receptor response ele-
ments mediate induction of intestinal MDRI by rifampin. |
Biol Chem 2001, 276:14581-7.

Zhao )Y, lkeguchi M, Eckersberg T: Modulation of multidrug
resistance gene expression by dexamethasone in cultured
hepatoma cells. Endocrinology 1993, 133:521-8.

Lin JH, Chiba M, Chen IW: Effect of dexamethasone on the
intestinal first-pass metabolism of indinavir in rats: evidence
of cytochrome P-4503A [correction of P-450 A] and p-glyc-
oprotein induction. Drug Metab Dispos 1999, 27:1187-93.

Chen WS, Manova K, Weinstei DC: Disruption of the HNF-4
gene, expressed in visceral endoderm, leads to cell death in
embryonic ectoderm and impaired gastrulation of mouse
embryos. Genes Dev 1994, 8:2466-77.

Kamiya A, Inoue Y, Gonzalez FJ: Role of the hepatocyte nuclear
factor 4alpha in control of the pregnane X receptor during
fetal liver development. Hepatology 2003, 37:1375-84.

Page 10 of 11

(page number not for citation purposes)

Ex. 2001-1306



Annals of Clinical Microbiology and Antimicrobials 2006, 5:3

98. Jover R, Bort R, Gomez-Lechon M: Cytochrome P450 regulation
by hepatocyte nuclear factor 4 in human hepatocytes: a
study using adenovirus-mediated antisense targeting. Hepa-
tology 2001, 33:668-75.

99. El-Sankary W, Bombail V, Gibson GG: Glucocorticoid-mediated
induction of CYP3A4 is decreased by disruption of a protein:
DNA interaction distinct from the pregnane X receptor
response element. Drug Metab Dispos 2002, 30:1029-34.

100. Thummel KE, Brimer C, Yasuda K: Transcriptional control of
intestinal cytochrome P-4503A by lalpha,25-dihydroxy vita-
min D3. Mof Pharmacof 2001, 60:1399-406.

101. Schmiedlin-Ren P, Thummel KE, Fisher JM: Induction of CYP3A4
by | alpha, 25-dihydroxyvitamin D3 is human cell line-spe-
cific and is unlikely to involve pregnane X receptor. Drug
Metab Dispos 2001, 29:1446-53.

102. Elizondo G, Medina-Diaz IM: Induction of CYP3A4 by | alpha,
25-dyhydroxyvitamin D3 in HepG2 cells. Life Sci 2003,
73:141-9.

103. Edwards D], Fitzsimmons ME, Schuetz EG: 6',7'-Dihydroxyberga-
mottin in grapefruit juice and Seville orange juice: effects on
cyclosporine disposition, enterocyte CYP3A4, and P-glyco-
protein. Clin Pharmacol Ther 1999, 65:237-44.

104. Christensen H, Asberg A, Holmboe AB: Coadministration of
grapefruit juice increases systemic exposure of diltiazem in
healthy volunteers. Eur | Clin Pharmacol 2002, 58:515-20.

105. Kim YH, Yoon YR, Kim YW: Effects of rifampin on cyclosporine
disposition in kidney recipients with tuberculosis. Transplant
Proc 1998, 30:3570-2.

106. Zelunka EJ: Intravenous cyclosporine-rifampin interaction in a
pediatric bone marrow transplant recipient. Pharmacotherapy
2002, 22:387-90.

107. Combalbert ), Fabre |, Fabre G: Metabolism of cyclosporin A. IV.
Purification and identification of the rifampicin-inducible
human liver cytochrome P-450 (cyclosporin A oxidase) as a
product of P450Il1A gene subfamily. Drug Metab Dispos 1989,
17:197-207.

108. Mousa O, Brater DC, Sunblad KJ: The interaction of diltiazem
with simvastatin. Clin Pharmacof Ther 2000, 67:267-74.

109. Kyrklund C, Backman |T, Kivisto KT: Rifampin greatly reduces
plasma simvastatin and simvastatin acid concentrations. Clin
Pharmacol Ther 2000, 68:592-7.

110. Park JY, Kim KA, Kang MH: Effect of rifampin on the pharma-
cokinetics of rosiglitazone in healthy subjects. Clin Pharmacol
Ther 2004, 75:157-62.

I11. Baldwin SJ, Clarke SE, Chenery R): Characterization of the cyto-
chrome P450 enzymes involved in the in vitro metabolism of
rosiglitazone. Br [ Clin Pharmacol 1999, 48:424-32.

112. Kaminsky LS, Zhang ZY: Human P450 metabolism of warfarin.
Pharmacol Ther 1997, 73:67-74.

113. Lee CR, Thrasher KA: Difficulties in anticoagulation manage-
ment during coadministration of warfarin and rifampin. Phar-
macotherapy 2001, 21:1240-6.

1 14. Hesse LM, Venkatakrishnan K, Court MH: CYP2B6 mediates the
in vitro hydroxylation of bupropion: potential drug interac-
tions with other antidepressants. Drug Metab Dispos 2000,
28:1176-83.

I15. Hesse LM, He P, Krishnaswamy S: Pharmacogenetic determi-
nants of interindividual variability in bupropion hydroxyla-
tion by cytochrome P450 2B6 in human liver microsomes.
Pharmacogenetics 2004, 14:225-238.

I16. Hinderling PH, Hartmann D: Pharmacokinetics of digoxin and
main metabolites/derivatives in healthy humans. Ther Drug
Monit 1991, 13:381-401.

117. Lacarelle B, Rahmani R, de Sousa G: Metabolism of digoxin, dig-
oxigenin digitoxosides and digoxigenin in human hepato-
cytes and liver microsomes. Fundam Clin Pharmacol 1991,
5:567-82.

118. Jokinen MJ, Olkkola KT, Ahonen |: Effect of rifampin and tobacco
smoking on the pharmacokinetics of ropivacaine. Clin Pharma-
col 2001, 70:334-50.

I19. Labbe I, Turgeon ): Clinical pharmacokinetics of mexiletine.
Clin Pharmacokinet 1999, 37:361-84.

120. Dilger K, Hofmann U, Klotz U: Enzyme induction in the elderly:
effect of rifampin on the pharmacokinetics and pharmacody-
namics of propafenone. Clin Pharmacol Ther 2000, 67:512-20.

http://www.ann-clinmicrob.com/content/5/1/3

121. Bolton AE, Peng B, Hubert M: Effect of rifampicin on the phar-
macokinetics of imatinib mesylate (Gleevec, STI571) in
healthy subjects. Cancer Chemother Pharmacol 2004, 53:102-6.

122. Sahi J, Stern RH, Milad MA: Effects of avasimibe on cytochrome
P450 2C9 expression in vitro and in vivo. Drug Metab Dispos
2004, 32:1370-6.

123. Hamman MA, Bruce MA: Haehner-Daniels BD. The effect of
rifampin administration on the disposition of fexofenadine.
Clin Pharmacol Ther 2001, 69:114-21.

124. Apseloff G, Foulds G, LaBoy-Goral L: Comparison of azithromy-
cin and clarithromyecin in their interaction with rifabutin in
healthy volunteers. | Clin Pharmacol 1998, 38:830-5.

125. Self T, Corley CR, Nabhan S: Case report: interaction of
rifampin and nortriptyline. Am | Med Sci 1996, 311:80-1.

126. Abajo FJ: Phenytoin interaction with rifampicin. BM/ 1988,
297:1048.

127. Park )Y, Kim KA, Kang MH: Effect of rifampin on the pharma-
cokinetics of rosiglitazone in healthy subjects. Clin Pharmacol
Ther 2004, 75:157-62.

128. Prince MI, Burt AD, Jones DE: Hepatitis and liver dysfunction
with rifampicin therapy for pruritus in primary biliary cirrho-
sis. Gut 2002, 50:436-9.

129. Cancado EL, Leitao RM, Carrilho FJ: Unexpected clinical remis-
sion of cholestasis after rifampicin therapy in patients with
normal or slightly increased levels of gamma-glutamyl
transpeptidase. Am | Gastroenterol 1998, 93:1510-7.

130. Sharma SK: Antituberculosis drugs and hepatotoxicity. Infec-
tion, genetics and evolution 2004, 4:167-170.

131. Black M, Mitchell JR, Zimmerman HJ: Isoniazid-associated hepati-
tis in | 14 patients. Gastroenterology 1975, 69:289-302.

132. Bertolami MC: [Mechanisms of hepatotoxicity]. Arq Bras Cardiol
2005, 85(Suppl 5):25-27.

133. Sodhi CP, Rana SV, Mehta SK, Vaiphei K, Attari S, Mehta S: Study of
oxidative-stress in isoniazid-rifampicin induced hepatic
injury in young rats. Drug Chem Toxicol 1997, 20:255-269.

Publish with R \Wes Cantral and every
scientist can read your work free of charge

"BioMed Central will be the most significant development for
disseminating the results of biomedical research in our lifetime."

Sir Paul Nurse, Cancer Research UK
Your research papers will be:
« available free of charge to the entire biomedical community
» peer reviewed and publishedimmediately upon acceptance
» cited in PubMed and archived on PubMed Central
« yours — you keep the copyright

Submit your manuscript here: \\ S RioMegoentra
http:/Amvww.biomedcentral.com/info/publishing_adv.asp \

Page 11 of 11

(page number not for citation purposes)

Ex. 2001-1307



Electronic Acknowledgement Receipt

EFS ID: 47807967
Application Number: 16900610
International Application Number:
Confirmation Number: 1054

Title of Invention:

MITAPIVAT THERAPY AND MODULATORS OF CYTOCHROME P450

First Named Inventor/Applicant Name:

Varsha Venkatachalam lyer

Customer Number:

190109

Filer:

Andrew Ehle

Filer Authorized By:

Attorney Docket Number:

128748-01502

Receipt Date: 07-APR-2023
Filing Date: 12-JUN-2020
Time Stamp: 15:18:44

Application Type:

Utility under 35 USC 111{(a)

Payment information:

Submitted with Payment no
File Listing:
Document . . File Size(Bytes Multi Pages
Y Document Description File Name ile Size( y i Y I. . 9
Number Message Digest | Part/.zip| (ifappl.)
161103
1 Applicant Arguments/Remarks Made in | 128748_01502_Response_to_F o 7
an Amendment inal_OA_April_2023.PDF
d1a048fb9c6b1a6c979cfb7be5968c3deeces]
814c

Warnings:

Ex. 2001-1308




Information:

Total Files Size (in bytes): 161103

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810}, a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.

Ex. 2001-1309




Docket No.: 128748-01502
(PATENT)

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Utility Application of:
Varsha Venkatachalam lyer et al.

Application No.: 16/900,610 Confirmation No.: 1054
Filed: June 12, 2020 Art Unit: 1628

For: MITAPIVAT THERAPY AND MODULATORS  Examiner: George W. Kosturko
OF CYTOCHROME P450

MS AF

Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

RESPONSE TO FINAL OFFICE ACTION AND INTERVIEW SUMMARY

In reply to the final Office Action mailed February 7, 2023, the two-month date for reply
being April 7, 2023, Applicant requests favorable reconsideration of this application in view of the

amendments and remarks.
Amendments to the Claims begin on page 2 of this paper.

Remarks begin on page 4 of this paper.
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Application No. 16/900,610 Docket No.: 128748-01502
Response to Final Office Action mailed February 7, 2023

AMENDMENTS TO THE CLAIMS

1-58. (Cancelled)
59.  (New) A method of treating hemolytic anemia in a subject, comprising administering to the
subject about 10 mg/day, about 40 mg/day, about 100 mg/day, or about 200 mg/day of mitapivat

and a moderate inducer of cytochrome P450 3A4/5 (CYP3A4/5).

60. (New) The method of claim 59, wherein the subject is administered about 10 mg/day of

mitapivat.

61. (New) The method of claim 60, wherein the subject is administered about 5 mg of mitapivat

twice per day.

62. (New) The method of claim 59, wherein the subject is administered about 40 mg/day of

mitapivat.

63.  (New) The method of claim 62, wherein the subject is administered about 20 mg of

mitapivat twice per day.

64. (New) The method of claim 59, wherein the subject is administered about 100 mg/day of

mitapivat.

65.  (New) The method of claim 64, wherein the subject is administered about 50 mg of

mitapivat once twice per day.

60. (New) The method of claim 59, wherein the subject is administered about 200 mg/day of

mitapivat.

ME1 44588725v.1
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Application No. 16/900,610 Docket No.: 128748-01502
Response to Final Office Action mailed February 7, 2023

67.  (New) The method of claim 66, wherein the subject is administered about 100 mg of

mitapivat once twice per day.

68. (New) The method of claim 59, wherein the mitapivat is orally administered as part of a

tablet composition.

69. (New) The method of claim 61, wherein the mitapivat is orally administered as part of a

tablet composition.

70. (New) The method of claim 63, wherein the mitapivat is orally administered as part of a

tablet composition.

71. (New) The method of claim 65, wherein the mitapivat is orally administered as part of a

tablet composition.

72. (New) The method of claim 67, wherein the mitapivat is orally administered as part of a

tablet composition.

73.  (New) The method of claim 68, wherein the tablet composition further comprises

microcrystalline cellulose, mannitol, croscarmellose sodium, and sodium stearyl fumarate.

74.  (New) The method of claim 69, wherein the tablet composition further comprises

microcrystalline cellulose, mannitol, croscarmellose sodium, and sodium stearyl fumarate.

75.  (New) The method of claim 70, wherein the tablet composition further comprises

microcrystalline cellulose, mannitol, croscarmellose sodium, and sodium stearyl fumarate.

76.  (New) The method of claim 71, wherein the tablet composition further comprises

microcrystalline cellulose, mannitol, croscarmellose sodium, and sodium stearyl fumarate.

ME1 44588725v.1
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77.  (New) The method of claim 72, wherein the tablet composition further comprises

microcrystalline cellulose, mannitol, croscarmellose sodium, and sodium stearyl fumarate.

ME1 44588725v.1
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Application No. 16/900,610 Docket No.: 128748-01502
Response to Final Office Action mailed February 7, 2023

REMARKS
L. Status of Claims

Applicant noticed that the claims filed with the prior response inadvertently contained two
sets of claims for claim numbers 51-53, i.e., there were two claims for Claim 51, two claims for
Claim 52, and two claim for Claim 53. To avoid any confusion, all of the pending claims are
cancelled and replaced by new Claims 59-77. But for 1) the replacing of 100 mg/day for 50 mg/day
in prior Claim 47 and the first Claim 52, 2) replacing once per day with twice per day for the first
Claim 53, 3) updating the dependencies for the second Claim 53 and Claim 54, 4) adding 200
mg/day in prior claim 47, and 5) adding new claims 66, 67, 72, and 77 specifying administration of
200 mg/day, 100 mg twice per day, and tablet compositions, these new claims are identical to those
prior pending. Support for these amendments can be found, at least, for example, in paragraph 0090
to 0093 of the specification as filed. No new matter has been added. Upon entry of this amendment,

Claims 59-77 are pending.
IL. Examiner Interviews

Applicant thanks the Examiner for his courtesy extended to Applicant’s representative
during the phone interviews of March 20, 2023 and April 6, 2023. Upon review of the final Office
Action, Applicant noticed that prior art relied upon is directed to a strong inducer of CYP 3A4
(rifampicin), whereas the pending claims are directed to a moderate inducer of CYP 3A4. Since
there are no comments in the Office Action addressing this distinction, Applicant assumed this
claim feature (i.e., moderate inducer of CYP 3A4) was overlooked, or that rifampicin was
inadvertently considered to be something other than a strong inducer of CYP 3A4. Applicant
telephoned the Examiner on March 20, 2023 to obtain clarification. Based on that discussion, the
Examiner indicated that he would reconsider the cited art, and should it fail to disclose a moderate
inhibitor of CYP 3A4, he would issue a communication before the April 7% two-month date for

Sth

responding to the subject Office Action. Nothing was issued by April 5% so Applicant’s

representative telephoned the Examiner on April 6, 2023, and he requested that a paper response be

filed.

L Rejection Under 35 U.S.C. § 112(d)

ME1 44588725v.1
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Application No. 16/900,610 Docket No.: 128748-01502
Response to Final Office Action mailed February 7, 2023

Claims 53 and 54 have been rejected under 35 U.S.C. § 112(d) as allegedly being of
improper dependent form. See Office Action at 2-3. As explained above, Claims 51-53 were
duplicative, hence causing the dependency issues. Nonetheless, this issue no longer applied in view

of the replacement claims submitted herewith.
Iv. 35 U.S.C. § 103(a) — Obviousness

Claims 47-54 have been rejected under 35 U.S.C. §103(a) for allegedly being obvious in
view of Kassa (BMC Hematology pages 1-11, published 2016) in combination with Chen (Annals
of Clinical Microbiology and Antimicrobials Vol. 5 pages 1-11, published 2006) and Agresta (WO
2016/201227). See Office Action at 4-7. In short, the Examiner contends that Kassa teaches all but
treating a tuberculosis patient with hemolytic anemia being treated with rifampicin (an inducer of
CYP 3A4; evidenced by Chen) comprising further administering mitapivat. See id. The Examiner
tries to cure this defect with Agresta, which teaches the administration of mitapivat for treating
hemolytic anemia. The Examiner contends that it would have been obvious to combine these
references to arrive at the instant claims. Applicant respectfully disagrees.

As stated above, rifampicin is a strong inducer of CYP 3A4 (see specification at [00159]).
The pending claims, however, are directed to methods for treating hemolytic anemia comprising
administering mitapivat and a moderate inducer of cytochrome P450 3A4/5 (CYP3A4/5). There is
nothing in the Office Action to establish why one of skill in the art would have been motivated to
use a strong inducer of CYP 3A4, much less that there would be a reasonable expectation of success
in doing so. The Examiner bears the initial burden to establish a prima facie case of obviousness.
See MPEP § 2142. Here that has not been done and, therefore, the present rejection is not proper.
Reconsideration and withdrawal of this rejection is respectfully requested.

The Examiner further alleges that Claims 55-58 would be obvious in view of Kassa, Chen,
and Agresta in combination with Sizemore (WO 2019/104134) because Sizemore teaches tablets
comprising microcrystalline cellulose, mannitol, croscarmellose sodium, and sodium stearyl
fumarate. See Office Action at 7-8. Applicant respectfully disagrees, at least for the reasons stated
above. A prima facie of obviousness has not been established using the prior art of record.

Reconsideration and withdrawal of this rejection is respectfully requested.

ME1 44588725v.1
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Application No. 16/900,610 Docket No.: 128748-01502
Response to Final Office Action mailed February 7, 2023

V. Final Comments

Favorable reconsideration of the present application and timely allowance of the pending
claims is respectfully requested. If a telephone conversation with Applicant’s attorney would help
expedite the prosecution of the above-identified application, the Examiner is respectfully invited to
call the undersigned attorney at (617) 449-6585. Please charge any deficiency in the fees related to
the filing of this paper to our Deposit Account No. 50-4876, under Order No. 128748-01502.

Dated: April 7, 2023 Respectfully submitted,

By /Andrew R. Ehle/
Andrew R. Ehle

Registration No.: 78,384
MCCARTER & ENGLISH, LLP
265 Franklin Street
Boston, Massachusetts 02110
(617) 449-6590
(617) 607-9200 (Fax)
Attorney/Agent For Applicant

ME1 44588725v.1
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Application No. Applicant(s)
16/900,610 lyer etal.
. vy r . i A AlA (First Inventor P
Examiner-Initiated Inferview Summary g’é?ég: W U:it to Fi(le) Status "9
KOSTURKO 1621 | Yes 10f1

| GEORGE W KOSTURKO Examiner Telephonic
ANDREW EHLE Attorney of Record

Date of Interview: 18 April 2023

Issues Discussed:

Objections

Discussed grammatical errors of "once twice a day" in claims 65 and 67. Discussed that 50 mg once a
day does not get to the about 100 mg dose required in claim 65 and 100 mg once a day does not get ot

the required dose of 200 mg in claim 67. Applicant agreed to cancel the phrase "once" in claims 65 and
67.

/GEORGE W KOSTURKO/ /THEODORE R. HOWELL/
Examiner, Art Unit 1621 Primary Examiner, Art Unit 1628

Applicant is reminded that a complete written statement as to the substance of the interview must be made of record in
the application file. It is the applicants responsibility to provide the written statement, unless the interview was initiated
by the Examiner and the Examiner has indicated that a written summary will be provided. See MPEP 713.04

Please further see:

MPEP 713.04

Title 37 Code of Federal Regulations (CFR) § 1.133 Interviews, paragraph (b)

37 CFR § 1.2 Business to be transacted in writing

Applicant recordation instructions:It is not necessary for applicant to provide a separate record of the substance of interview.

Examiner recordation instructions: Examiners must summarize the substance of any interview of record. A complete
and proper recordation of the substance of an interview should include the items listed in MPEP 713.04 for complete
and proper recordation including the identification of the general thrust of each argument or issue discussed, a general
indication of any other pertinent matters discussed regarding patentability and the general results or outcome of the
interview, to include an indication as to whether or not agreement was reached on the issues raised.

U.S. Patent and Trademark Office
PTOL-413/413b (Rev. Oct. 2019) Interview Summary Paper No. 20230418
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Transaction History Date _2023-05-0.
Date information retrieved from USPTO Patent
Application Information Retrieval (PAIR)

system records al www.usplo.gov
Application No. Applicant(s)
; . 16/900,610 lyer et al.
Notice of Allowabilily Examiner ArtUnit | AlA (FITF) Status
GEORGE W KOSTURKO 1621 Yes

-- The MAILING DATE of this communication appears on the cover sheet with the corresponderice address--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

1.} This communication is responsive to 04/07/2023.
[J A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on .

2.[J An election was made by the applicant in response to a restriction requirement set forth during the interview on ; the
restriction requirement and election have been incorporated into this action.

3. The allowed claim(s) is/are 59-77 . As aresult of the allowed claim(s), you may be eligible to benefit from the Patent Prosecution
Highway program at a participating intellectual property office for the corresponding application. For more information, please see
http://www._uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov.

4[] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).

Certified copies:
a) LJAll b) (J Some* ¢) [J None of the:
1. [J Certified copies of the priority documents have been received.
2. [ Certified copies of the priority documents have been received in Application No.
3. [J Copies of the certified copies of the priority documents have been received in this national stage application from the
International Bureau (PCT Rule 17.2(a)).

* Certified copies not received:

Applicant has THREE MONTHS FROM THE "MAILING DATE" of this communication to file a reply complying with the requirements
noted below. Failure to timely comply will result in ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

5. CORRECTED DRAWINGS (as "replacement sheets") must be submitted.

0 including changes required by the attached Examiner's Amendment / Comment or in the Office action of
Paper No./Mail Date .

Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of each
sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d).

6..J DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Attachment(s)

1.0 Notice of References Cited (PTO-892) 5. ¥} Examiner's Amendment/Comment

2.0 Information Disclosure Statements (PTO/SB/08), 6. Examiner's Statement of Reasons for Allowance
Paper No./Mail Date .

3.0 Examiner's Comment Regarding Requirement for Deposit 7. J Other .

of Biological Material
4.(¥) Interview Summary (PTO-413),

Paper No./Mail Date.
/GEORGE W KOSTURKO/ /THEODORE R. HOWELL/
Examiner, Art Unit 1621 Primary Examiner, Art Unit 1628

U.S. Patent and Trademark Office .
PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20230418
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Application/Control Number: 16/900,610 Page 2
Art Unit: 1621

DETAILED ACTION
Notice of Pre-AlA or AIA Status
1. The present application, filed on or after March 16, 2013, is being examined
under the first inventor to file provisions of the AlA. Claims 59-77 filed April 07, 2023 are
currently pending.
2. EXAMINER'S AMENDMENT
3. An examiner’s amendment to the record appears below. Should the changes
and/or additions be unacceptable to applicant, an amendment may be filed as provided
by 37 CFR 1.312. To ensure consideration of such an amendment, it MUST be

submitted no later than the payment of the issue fee.

Authorization for this examiner's amendment was given in an interview with

Attorney Andrew Ehle on 04/18/2023.

The application has been amended as follows:
Claim 65 is AMENDED as follows: --“The method of claim 64, wherein the subject is

administered about 50 mg of mitapivat enee twice per day’—.

Claim 67 is AMENDED as follows: --“ The method of claim 64, wherein the subject is

administered about 100 mg of mitapivat enece twice per day’--.

Reasons for Allowance
4. The following is an examiner’s statement of reasons for allowance: Applicant’s

arguments submitted 04/07/2023 are sufficient to overcome the rejection of record.
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Application/Control Number: 16/900,610 Page 3
Art Unit: 1621

5. Any comments considered necessary by applicant must be submitted no later
than the payment of the issue fee and, to avoid processing delays, should preferably
accompany the issue fee. Such submissions should be clearly labeled “Comments on
Statement of Reasons for Allowance.”

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to GEORGE W KOSTURKO whose telephone number is
(671)270-5903. The examiner can normally be reached M-F 9:00-5:30.

Examiner interviews are available via telephone, in-person, and video
conferencing using a USPTO supplied web-based collaboration tool. To schedule an
interview, applicant is encouraged to use the USPTO Automated Interview Request
(AIR) at http://www.uspto.gov/interviewpractice.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’'s
supervisor, CLINTON A BROOKS can be reached on 571-270-7682. The fax phone
number for the organization where this application or proceeding is assigned is 571-
273-8300.

Information regarding the status of published or unpublished applications may be
obtained from Patent Center. Unpublished application information in Patent Center is
available to registered users. To file and manage patent submissions in Patent Center,
visit: https://patentcenter.uspto.gov. Visit https://www.uspto.gov/patents/apply/patent-
center for more information about Patent Center and
https://www.uspto.gov/patents/docx for information about filing in DOCX format. For

additional questions, contact the Electronic Business Center (EBC) at 866-217-9197
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Application/Control Number: 16/900,610 Page 4
Art Unit: 1621

(toll-free). If you would like assistance from a USPTO Customer Service
Representative, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

/G.W.K/
Examiner, Art Unit 1621

/THEODORE R. HOWELL/
Primary Examiner, Art Unit 1628
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Recelipt date: 04/07/2023 16/900,810 - GaAU: 1821
OF TO ENTER: /G.W.K/

04/18/2023

Docket No.: 128748-01502
(PATENT)

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Utility Application of:
Varsha Venkatachalam lyer et al.

Application No.: 16/900,610 Confirmation No.: 1054
Filed: June 12, 2020 Art Unit: 1628

For: MITAPIVAT THERAPY AND MODULATORS  Examiner: George W. Kosturko
OF CYTOCHROME P450

MS AF

Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

RESPONSE TO FINAL OFFICE ACTION AND INTERVIEW SUMMARY

In reply to the final Office Action mailed February 7, 2023, the two-month date for reply
being April 7, 2023, Applicant requests favorable reconsideration of this application in view of the

amendments and remarks.
Amendments to the Claims begin on page 2 of this paper.

Remarks begin on page 4 of this paper.

ME1 44588725v.1
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

NOTICE OF ALLOWANCE AND FEE(S) DUE

| EXAMINER |
190109 7590 05/03/2023
McCarter & English / Agios Pharmaceuticals KOSTURKO, GEORGE W
265 Franklin Street
BOStOIl, MA 02110 | ART UNIT PAPER NUMBER |
1621
DATE MAILED: 05/03/2023
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.
16/900,610 06/12/2020 Varsha Venkatachalam Iyer 128748-01502 1054

TITLE OF INVENTION: MITAPIVAT THERAPY AND MODULATORS OF CYTOCHROME P450

APPLN. TYPE ENTITY STATUS ISSUE FEE DUE PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE

nonprovisional UNDISCOUNTED $1200 $0.00 $0.00 $1200 08/03/2023

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT.
PROSECUTION ON THE MERITS IS CLOSED. THIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PATENT RIGHTS.
THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308.

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE MAILING
DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS STATUTORY PERIOD
CANNOT BE EXTENDED. SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE DOES NOT REFLECT A CREDIT
FOR ANY PREVIOUSLY PAID ISSUE FEE IN THIS APPLICATION. IF AN ISSUE FEE HAS PREVIOUSLY BEEN PAID IN
THIS APPLICATION (AS SHOWN ABOVE), THE RETURN OF PART B OF THIS FORM WILL BE CONSIDERED A REQUEST
TO REAPPLY THE PREVIOUSLY PAID ISSUE FEE TOWARD THE ISSUE FEE NOW DUE.

HOW TO REPLY TO THIS NOTICE:

I. Review the ENTITY STATUS shown above. If the ENTITY STATUS is shown as SMALL or MICRO, verify whether entitlement to that
entity status still applies.
If the ENTITY STATUS is the same as shown above, pay the TOTAL FEE(S) DUE shown above.

If the ENTITY STATUS is changed from that shown above, on PART B - FEE(S) TRANSMITTAL, complete section number 5 titled
"Change in Entity Status (from status indicated above)".

For purposes of this notice, small entity fees are 40% the amount of undiscounted fees, and micro entity fees are 20% the amount of
undiscounted fees.

II. PART B - FEE(S) TRANSMITTAL, or its equivalent, must be completed and returned to the United States Patent and Trademark Office
(USPTO) with your ISSUE FEE and PUBLICATION FEE (if required). If you are charging the fee(s) to your deposit account, section "4b"
of Part B - Fee(s) Transmittal should be completed. If an equivalent of Part B is filed, a request to reapply a previously paid issue fee must be
clearly made, and delays in processing may occur due to the difficulty in recognizing the paper as an equivalent of Part B.

III. All communications regarding this application must give the application number. Please direct all communications prior to issuance to Mail
Stop ISSUE FEE unless advised to the contrary.

IMPORTANT REMINDER: Maintenance fees are due in utility patents issuing on applications filed on or after Dec. 12, 1980.
It is patentee's responsibility to ensure timely payment of maintenance fees when due. More information is available at
www.uspto.gov/PatentMaintenanceFees.

Page 1 of 3
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PART B - FEE(S) TRANSMITTAL
Complete and send this form, together with applicable fee(s), by mail or fax, or via EFS-Web.

By mail, send to: Mail Stop ISSUE FEE By fax, send to:  (571)-273-2885
Commissioner for Patents
P.O. Box 1450
Alexandria, Virginia 22313-1450

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where appropriate.
All further correspondence will be mailed to the current correspondence address as indicated unless corrected below or directed otherwise in Block 1, by (a) specifying a new
correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for maintenance fee notifications. Because electronic patent issuance may occur shortly after issue
fee payment, any desired continuing application should preferably be filed prior to payment of this issue fee in order not to jeopardize copendency.
Note: A certificate of mailing can only be used for domestic mailings of the
CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address) Fee(s) Transmittal. This certificate cannot be used for any other accompanying
papers. Each additional paper, such as an assignment or formal drawing, must
have its own certificate of mailing or transmission.

190109 & ?0 . 05/03/2023 . Certificate of Mailing or Transmission
McCarter & Enghsh / AglOS Pharmaceuticals I hereby certify that this Fee(s) Transmittal is being deposited with the United
; States Postal Service with sufficient postage for first class mail in an envelope
265 Franklin Street addressed to the Mail Stop ISSUE FEE address above, or being transmitted to
Boston, MA 02110 the USPTO via EFS-Web or by facsimile to (571) 273-2885, on the date below.
y

(Typed or printed name)
(Signature)|
(Date)|
| APPLICATION NO. | FILING DATE | FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. | CONFIRMATION NO. |

16/900,610 06/12/2020 Varsha Venkatachalam Iyer 128748-01502 1054

TITLE OF INVENTION: MITAPIVAT THERAPY AND MODULATORS OF CYTOCHROME P450

| APPLN. TYPE | ENTITY STATUS | ISSUE FEE DUE | PUBLICATION FEE DUE | PREV. PAID ISSUE FEE | TOTAL FEE(S) DUE | DATE DUE |
nonprovisional UNDISCOUNTED $1200 $0.00 $0.00 $1200 08/03/2023
| EXAMINER | ART UNIT | CLASS-SUBCLASS |
KOSTURKO, GEORGE W 1621 424-094500
1. Change of correspondence address or indication of "Fee Address" (37 2. For printing on the patent front page, list
CFR 1.363). (1) The names of up to 3 registered patent attorneys

or agents OR, alternatively, 1
(2) The name of a single firm (having as a member a
registered attorney or agent) and the names of up to 2

- e B . L 2 registered patent attorneys or agents. If no name is
Fee Address" indication (or "Fee Address" Indication form PTO/ listed, no name will be printed.

AIA/A7 or PTO/SB/47; Rev 03-02 or more recent) attached. Use of a
Customer Number is required.

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

M| Change of correspondence address (or Change of Correspondence
Address form PTO/ATA/122 or PTO/SB/122) attached.

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document must have been previously
recorded, or filed for recordation, as set forth in 37 CFR 3.11 and 37 CFR 3.81(a). Completion of this form is NOT a substitute for filing an assignment.

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)

Please check the appropriate assignee category or categories (will not be printed on the patent) : (] Individuat [ Corporation or other private group entity (] Government

4a. Fees submitted: [Missue Fee [IPublication Fee (if required)
4b. Method of Payment: (Please first reapply any previously paid fee shown above)

(] Electronic Payment via Patent Center or EFS-Web (] Enclosed check (L] Non-electronic payment by credit card (Attach form PTO-2038)

(] The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any overpayment to Deposit Account No.

5. Change in Entity Status (from status indicated above)
NOTE: Absent a valid certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue

4 Applicant certifying micro entity status. See 37 CFR 1.29 fee payment in the micro entity amount will not be accepted at the risk of application abandonment.

NOTE: If the application was previously under micro entity status, checking this box will be taken

[ Applicant asserting small entity status. See 37 CFR 1.27 to be a notification of loss of entitlement to micro entity status.

NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro

M| Applicant changing to regular undiscounted fee status. entity status, as applicable.

NOTE: This form must be signed in accordance with 37 CFR 1.31 and 1.33. See 37 CFR 1.4 for signature requirements and certifications.

Authorized Signature Date
Typed or printed name Registration No.
Page 2 of 3
PTOL-85 Part B (08-18) Approved for use through 01/31/2020 OMB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. |  CONFIRMATION NO. |
16/900,610 06/12/2020 Varsha Venkatachalam Iyer 128748-01502 1054
| EXAMINER |
190109 7590 05/03/2023
McCarter & English / Agios Pharmaceuticals KOSTURKO, GEORGE W
265 Franklin Street
Boston, MA 02110 | ART UNIT PAPER NUMBER |

1621

DATE MAILED: 05/03/2023

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(Applications filed on or after May 29, 2000)

The Office has discontinued providing a Patent Term Adjustment (PTA) calculation with the Notice of Allowance.

Section 1(h)(2) of the AIA Technical Corrections Act amended 35 U.S.C. 154(b)(3)(B)(i) to eliminate the requirement
that the Office provide a patent term adjustment determination with the notice of allowance. See Revisions to Patent
Term Adjustment, 78 Fed. Reg. 19416, 19417 (Apr. 1, 2013). Therefore, the Office is no longer providing an initial
patent term adjustment determination with the notice of allowance. The Office will continue to provide a patent term
adjustment determination with the Issue Notification Letter that is mailed to applicant approximately three weeks prior
to the issue date of the patent, and will include the patent term adjustment on the patent. Any request for reconsideration

of the patent term adjustment determination (or reinstatement of patent term adjustment) should follow the process
outlined in 37 CFR 1.705.

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of

Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or (571)-272-4200.

Page 3 of 3
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OMB Clearance and PRA Burden Statement for PTOL-85 Part B

The Paperwork Reduction Act (PRA) of 1995 requires Federal agencies to obtain Office of Management and Budget
approval before requesting most types of information from the public. When OMB approves an agency request to
collect information from the public, OMB (i) provides a valid OMB Control Number and expiration date for the
agency to display on the instrument that will be used to collect the information and (ii) requires the agency to inform
the public about the OMB Control Number’s legal significance in accordance with 5 CFR 1320.5(b).

The information collected by PTOL-85 Part B is required by 37 CFR 1.311. The information is required to obtain
or retain a benefit by the public which is to file (and by the USPTO to process) an application. Confidentiality is
governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 30 minutes to complete, including
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon
the individual case. Any comments on the amount of time you require to complete this form and/or suggestions
for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office,
U.S. Department of Commerce, P.O. Box 1450, Alexandria, Virginia 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
Virginia 22313-1450. Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection
of information unless it displays a valid OMB control number.

Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the requirements
of the Act, please be advised that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)
(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which the information
is used by the U.S. Patent and Trademark Office is to process and/or examine your submission related to a patent
application or patent. If you do not furnish the requested information, the U.S. Patent and Trademark Office may not
be able to process and/or examine your submission, which may result in termination of proceedings or abandonment
of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of
Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of records may
be disclosed to the Department of Justice to determine whether disclosure of these records is required by the
Freedom of Information Act.

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence
to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of
settlement negotiations.

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting
a request involving an individual, to whom the record pertains, when the individual has requested assistance
from the Member with respect to the subject matter of the record.

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having
need for the information in order to perform a contract. Recipients of information shall be required to comply
with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of
records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property
Organization, pursuant to the Patent Cooperation Treaty.

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of
National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).

7. Arecord from this system of records may be disclosed, as a routine use, to the Administrator, General Services,
or his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility
to recommend improvements in records management practices and programs, under authority of 44 U.S.C.
2904 and 2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection
of records for this purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall
not be used to make determinations about individuals.

8. Arecord from this system of records may be disclosed, as a routine use, to the public after either publication of
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed
in an application which became abandoned or in which the proceedings were terminated and which application
is referenced by either a published application, an application open to public inspection or an issued patent.

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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Docket No.: 128748-01502

MITAPIVAT THERAPY AND MODULATORS OF CYTOCHROME P45(0
RELATED APPLICATIONS

The application claims the benefit of U.S. Provisional Application Serial No.
62/861,600, filed June 14, 2019, the entire teachings of which are incorporated herein by

reference.
BACKGROUND

[0001] Pyruvate kinase deficiency (PKD) is a disease of the red blood cells caused by a
deficiency of the pyruvate kinase R (PKR) enzyme due to recessive mutations of PKLR gene.
PKR activators can be beneficial to treat PKD, thalassemia (e.g., beta-thalassemia),
abetalipoproteinemia or Bassen-Kornzweig syndrome, sickle cell disease, paroxysmal
nocturnal hemoglobinuria, anemia (e.g., congenital anemias) (e.g., enzymopathies),
hemolytic anemia (e.g., hereditary and/or congenital hemolytic anemia, acquired hemolytic
anemia, chronic hemolytic anemia caused by phosphoglycerate kinase deficiency, anemia of
chronic diseases, non-spherocytic hemolytic anemia or hereditary spherocytosis). Treatment
of PKD is supportive, including blood transfusions, splenectomy, chelation therapy to address
iron overload, and/or interventions for other disease-related morbidity. Currently, however,
there is no approved medicine that treats the underlying cause of PKD, and thus the etiology

of life-long hemolytic anemia.

[0002] Mitapivat, also known as AG-348 or by its chemical name N-(4-(4-
{cyclopropylmethyl)piperazine-1-carbonyl)phenyl)quinoline-8-sulfonamide, and is

represented by the following structural formula:
o~ m L
K/N °° I\J =

is an allosteric activator of pyruvate kinase R (PKR). See, e.g., International Patent

Application Publication Nos. WO 2011/002817 and WO 2016/201227.
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[0003] Mitapivat sulfate that is represented by the following structural formula:

is currently in Phase 2 and Phase 3 clinical trials as a disease-altering therapy in patients with
PKD, hemolytic anemia and thalassemia. See, e.g., U.S. Clinical Trials Identifier Nos.

NCT03692052, NCT03559699, NCT03548220, NCT03853798, and NCT02476916.
SUMMARY

[0004] Non-clinical studics described in Example 1 show that the PKR activator,
mitapivat, is primarily metabolized by the cytochrome P450 3A4 (CYP3A4) or 3A5
(CYP3AS5) enzymes (i.e., >90%), with minor contributions from other detoxification
enzymes, namely CYP2CS8, CYP2C9, and CYP1A2. It has also been found that in a clinical
trial, total exposure of mitapivat increased in the presence of itraconazole, a strong
CYP3A4A and p-gp inhibitor, compared with dosing of mitapivat sulfate alone. It has further
been found that total exposure of mitapivat decreased in the presence of rifampin, a strong

CYP3A4A and p-gp inducer, compared with dosing of mitapivat sulfate alone.

[0005] Accordingly, the present disclosure provides methods of treating a disease,
disorder or a condition with mitapivat or a pharmaccutically acccptable salt thercof and a
CYP3A4/5 inducer or a CYP3A4/5 inhibitor. In another aspect, the present disclosure
provides methods of treating a disease, disorder or a condition with mitapivat or a
pharmaceutically acceptable salt thereof and a p-glycoprotein (p-gp) inhibitor. As used
herein, “CYP3A4/5” means cytochrome P450 3A4 (CYP3A4) or 3A5 (CYP3AS). In some

embodiments, the pharmaceutically acceptable salt is mitapivat sulfate.

[0006] Specifically, in one embodiment, the present disclosure relates to a method of
treating pyruvate kinase deficiency (PKD) in a subject, comprising administering to the
subject an effective amount of mitapivat or a pharmaceutically acceptable salt thereof and an
cffective amount of an inhibitor of cytochromc P450 3A4/5 (CYP3A4/5). In another
embodiment, the present disclosure relates to a method of treating sickle cell disease in a

subject, comprising administering to the subject an effective amount of mitapivat or a

2
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pharmaceutically acceptable salt thereof and an effective amount of an inhibitor of
cytochrome P450 3A4/5 (CYP3A4/5). In another embodiment, the present disclosure relates
to a method of treating thalassemia (e.g., alpha-thalassemia and beta-thalassemia) in a
subject, comprising administering to the subject an effective amount of mitapivat or a
pharmaceutically acceptable salt thereof and an effective amount of an inhibitor of
cytochrome P450 3A4/5 (CYP3A4/5). In another embodiment, the present disclosure relates
to a method of treating hemolytic anemia in a subject, comprising administering to the
subject an effective amount of mitapivat or a pharmaceutically acceptable salt thereof and an
cffective amount of an inhibitor of cytochromc P450 3A4/5 (CYP3A4/5). In some
embodiments, the inhibitor of CYP3A4/5 is a moderate CYP3A4/5 inhibitor. In some
embodiments, the inhibitor of CYP3A4/5 is a mild CYP3A4/5 inhibitor.

[0007] In another embodiment, the present disclosure relates to a method of treating
pyruvalte kinase defliciency (PKD) in a subject, comprising administering (o the subject an
effective amount of mitapivat or a pharmaceutically acceptable salt thereof and an effective
amount of an inducer of cytochrome P450 3A4/5 (CYP3A4/5). In another embodiment, the
present disclosure relates to a method of treating sickle cell disease in a subject, comprising
administering to the subject an effective amount of mitapivat or a pharmaceutically
acccptable salt thereof and an cffective amount of an induccr of cytochrome P450 3A4/5
(CYP3A4/5). In another embodiment, the present disclosure relates to a method of treating
thalassemia (e.g., alpha-thalassemia and/or beta-thalassemia) in a subject, comprising
administering to the subject an effective amount of mitapivat or a pharmaceutically
acceptable salt thereol and an ellective amount of an inducer of cytochrome P450 3A4/5
(CYP3A4/5). In another embodiment, the present disclosure relates to a method of treating
hemolytic anemia in a subject, comprising administering to the subject an effective amount of
mitapivat or a pharmaceutically acceptable salt thereof and an effective amount of an inducer
of cytochrome P450 3A4/5 (CYP3A4/5). In some embodiments, the inducer of CYP3A4/5 is
a moderate CYP3A4/5 inducer. In some embodiments, the inhibitor of CYP3A4/5 is a mild
CYP3A4/5 inducer.

[0008] Specifically, in one embodiment, the present disclosure relates to a method of
treating pyruvate kinase deficiency (PKD) in a subject, comprising administering to the
subject an effective amount of mitapivat or a pharmaceutically acceptable salt thereof and an

effective amount of a p-glycoprotein inhibitor. In another embodiment, the present disclosure
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relates to a method of treating sickle cell disease in a subject, comprising administering to the
subject an effective amount of mitapivat or a pharmaceutically acceptable salt thereof and an
effective amount of a p-glycoprotein inhibitor. In another embodiment, the present disclosure
relates to a method of treating thalassemia (e.g., alpha-thalassemia and beta-thalassemia) in a
subject, comprising administering to the subject an effective amount of mitapivat or a
pharmaceutically acceptable salt thereof and an effective amount of a p-glycoprotein
inhibitor. In another embodiment, the present disclosure relates to a method of treating
hemolytic anemia in a subject, comprising administering to the subject an effective amount of
mitapivat or a pharmaccutically acceptablc salt thercof and an cffective amount of a p-
glycoprotein inhibitor. In some embodiments, the p-glycoprotein inhibitor is a moderate p-
glycoprotein inhibitor. In some embodiments, the p-glycoprotein inhibitor is a mild p-

glycoprotein inhibitor.

[0009] The present disclosure [urther provides methods of treating a disease, disorder or a
condition with mitapivat or a pharmaceutically acceptable salt thereof in the absence of a

CYP3A4/5 inducer or a CYP3A4/5 inhibitor or p-glycoprotein inhibitor.

[0010] Specifically, in one embodiment, the present disclosure relates to a method of
treating pyruvate kinase deficiency (PKD) in a subject, comprising administering to the
subject an effective amount of mitapivat or a pharmaceutically acceptable salt thereof in the
absence of an inducer or an inhibitor of cytochrome P450 3A4/5 (CYP3A4/5), respectively.
In another embodiment, the present disclosure relates to a method of treating sickle cell
disease in a subject, comprising administering to the subject an effective amount of mitapivat
or a pharmaceutically acceptable salt thereol in the absence of an inducer or an inhibitor of
cytochrome P450 3A4/5 (CYP3A4/5), respectively. In yet another embodiment, the present
disclosure relates to a method of treating thalassemia (e.g., alpha-thalassemia and/or beta-
thalassemia) in a subject, comprising administering to the subject an effective amount of
mitapivat or a pharmaceutically acceptable salt thereof in the absence of an inducer or an
inhibitor of cytochrome P450 3A4/5 (CYP3A4/5), respectively. In yet another cmbodiment,
the present disclosure relates to a method of treating hemylotic anemia in a subject,
comprising administering to the subject an effective amount of mitapivat or a
pharmaceutically acceptable salt thereof in the absence of an inducer or an inhibitor of
cytochrome P450 3A4/5 (CYP3A4/5), respectively. In some embodiments, the inducer of
CYP3A4/5 is a strong inducer of CYP3A4/5. In some embodiments, the inducer of
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CYP3A4/5 1s a moderate inducer of CYP3A4/5. In some embodiments, the inhibitor of
CYP3A4/5 is a strong inhibitor of CYP3A4/5. In some embodiments, the inhibitor of
CYP3A4/5 is a moderate inhibitor of CYP3A4/5.

[0011] In another embodiment, the present disclosure relates to a method of treating
pyruvate kinase deficiency (PKD) in a subject, comprising administering to the subject an
effective amount of mitapivat or a pharmaceutically acceptable salt thereof in the absence of
a p-glycoprotein inhibitor. In another embodiment, the present disclosure relates to a method
of treating sickle cell disease in a subject, comprising administering to the subject an
cffective amount of mitapivat or a pharmaccutically acceptable salt thercof in the abscnec of
a p-glycoprotein inhibitor. In yet another embodiment, the present disclosure relates to a
method of treating thalassemia (e.g., alpha-thalassemia and/or beta-thalassemia) in a subject,
comprising administering to the subject an effective amount of mitapivat or a
pharmaceutically acceptable salt thereof in the absence of a p-glycoprotein inhibitor. In yet
another embodiment, the present disclosure relates to a method of treating hemylotic anemia
in a subject, comprising administering to the subject an effective amount of mitapivat or a
pharmaceutically acceptable salt thereof in the absence of a p-glycoprotein inhibitor. In some
embodiments, the p-glycoprotein inhibitor is a strong p-glycoprotein inhibitor. In some

cmbodiments, the p-glycoprotein inhibitor is a mild p-glycoprotein inhibitor.
BRIEF DESCRIPTION OF THE FIGURES

Figure 1 is a graph showing Arithmetic Mean (SD) Plasma Mitapivat and Metabolite
Concentration-Time Profiles following administration of 20 mg mitapivat sulfate alone
(Treatment Period 1) and co-administered with multiple doses of 200 mg itraconazole
(Treatment Period 2) on linear scale (Part 1). “Metabolite” refers to the CYP3A4 metabolite

of mitapivat (see Example 2).

Figure 2 is a graph showing Arithmetic Mean Plasma Mitapivat and Metabolite
Concentration-Time Profiles following administration of 20 mg mitapivat sulfate alone
(Treatment Period 1) and co-administered with multiple doses of 200 mg itraconazole

(Treatment Period 2) on semi-log scale (Part 1) (see Example 2).

Figure 3 is a graph showing Arithmetic Mean (SD) Plasma Mitapivat and Metabolite

Concentration-Time Profiles following administration of 50 mg mitapivat sulfate alone

MEI1 45456854 v.1
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(Treatment Period 1) and co-administered with multiple doses of 600 mg rifampin on linear

scale (Treatment Period 2, Part 2, see Example 2).

Figure 4 is a graph showing Arithmetic Mean Plasma Mitapivat and Metabolite
Concentration-Time Profiles [ollowing administration of 50 mg mitapivat sullate alone
(Treatment Period 1) and co-administered with multiple doses of 600 mg rifampin on semi-

log scale (Treatment Period 2, Part 2, see Example 2).

DETAILED DESCRIPTION

Definitions

[0012]

“CYP3A4/5 modulator” refers to any substance, including, but not limited to a small
molecule (with a molecular weight of < 1000 Da, or <750 Da, or < 500 Da), a nucleoside, a
nucleotide, a nucleobase, a sugar, a nucleic acid, an amino acid, a polysaccharide, a peptide, a
polypeptide, a protein, an antibody, an aptamer, a natural or synthetic plant-based substance,
or a complex or a composition comprising any combination of the aforementioned
substances, that can modify or alter the activity and/or expression levels of the enzyme
cytochrome P450 3A4 (CYP3A4; EC 1.14.13.97) or 3A5 (CYP3AS5; EC1.14.14.1). Briefly,
the cytochrome P450 (CYP) is a superfamily of detoxification enzymes that are responsible
for the oxidative and reductive metabolic transformation of drug medications and the ultimate
“clearance”, which is the elimination of the drug from the body as determined by the
measured plasma levels of the drug and optionally, the drug metabolites, such as the
metabolite known to be formed by CYP3A4/5. CYP3A4 and CYP3AS5 are two of such

enzymes and are largely prevalent in the liver.

[0013] A CYP3A4/5 modulator may be a CYP3A4/5 inducer or a CYP3A4/5 inhibitor. A
“CYP3A4/5 inducer” or “inducer of CYP3A4/5” is a CYP3A4/5 modulator as defined above
that can increase, enhance, stimulate, induce, accelerate or augment the CYP3A4/5 activity
from its existing state or native state, such as by at least about 0.1%, 0.2%, 0.5%, 1%, 2%,
3%, 5%, 10%., 15%. 20%. 25%, 30%. 35%. 40%, 45%. 50%. 55%., 60%., 65%. T0%. 715%,
80%, 85%, 90%, 95%. 98%, 99% and 100% or morc rclative to a reference level, e.g., the
level of the CYP3A4/5 activity and/or expression prior to the exposure or contact with the
CYP3A4/5 inducer, including all ranges and values therebetween not expressly mentioned

above. The CYP3A4/5 inducer activity may cause mitapivat or a pharmaceutically acceptable

6
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salt thereof that is co-administered with the CYP3A4/5 inducer to be metabolized and
eliminated more quickly from the body, as determined by the measured plasma levels of the

compound and its metabolites.

[0014] A “CYP3A4/5 inhibitor” or “inhibitor of CYP3A4/5” 1s a CYP3A4/5 modulator
as defined above that can decrease, reduce, inhibit, decelerate, attenuate, or suppress the
CYP3A4/5 activity and/or expression from its existing state or native state, such as by at least
about 0.1%, 0.2%, 0.5%, 1%, 2%, 3%, 5%, 10%., 15%, 20%, 25%. 30%, 35%, 40%. 45%,
50%. 55%, 60%., 65%. T70%., 15%., 80%., 85%, 90%., 95%., 98%, 99% and 100% or more
rclative to a reference level, e.g., the level of the CYP3A4/5 activity and/or cxpression prior
to the exposure or contact with the CYP3A4/5 inhibitor, including all ranges and values
therebetween not expressly mentioned above. The CYP3A4/5 inhibitor may cause mitapivat
or a pharmaceutically acceptable salt thereof that is co-administered with the CYP3A4/5
inhibitor to be metabolized and eliminated more slowly [rom the body, as determined by the

measured plasma levels of the compound and its metabolites.

[0015] If an investigational drug is a CYP inducer, it can be classified as a strong,
moderate, or mild inducer based on its effect on an index CYP substrate. The convention is to

categorize CYP induction in the following ways:
[0016] A strong inducer decreases the AUC of a sensitive index CYP by > 80 percent.

[0017] A moderate inducer decreases the AUC of a sensitive index CYP substrate by >
50 to < 80 percent.

[0018] A mild inducer decreases the AUC of a sensitive index CYP substrate by > 20 to <
50 percent.

[0019] A CYP inhibitor can be classified as a strong, moderalte, or mild inhibitor based on
its effect on an index CYP substrate. A strong inhibitor increases the AUC of a sensitive
index CYP substrate > 5-fold. A moderate inhibitor increases the AUC of a sensitive index
CYP substrate by > 2- to < 5-fold. A mild inhibitor increases the AUC of a sensitive index
CYP substrate by > 1.25- to < 2- fold.

[0020] A p-glycoprotein inhibitor refers to any substance, including, but not limited to a

small molecule (with a molecular weight of < 1000 Da, or <750 Da, or <500 Da), a
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nucleoside, a nucleotide, a nucleobase, a sugar, a nucleic acid, an amino acid, a
polysaccharide, a peptide, a polypeptide, a protein, an antibody, an aptamer, a natural or
synthetic plant-based substance, or a complex or a composition comprising any combination
of the aforementioned substances, that can decrease, reduce, inhibit, decelerate, attenuate, or
suppress the p-glycoprotein activity and/or expression from its existing state or native state,
such as by at least about 0.1%, 0.2%, 0.5%, 1%, 2%, 3%, 5%, 10%, 15%, 20%, 25%, 30%,
35%, 40%., 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%., 85%, 90%, 95%, 98%, 99% and
100% or more relative to a reference level, e.g., the level of the p-glycoprotein. In some
cmbodiments, the p-glycoprotein inhibitor is a strong p-glycoprotcin inhibitor, sclected from
the group consisting of amiodarone, azithromycin, captopril, carvedilol, clarithromycin,
conivaptan, cyclosporine, diltiazem, dronedarone, erythromycin, felodipine, itraconazole,

ketoconazole, lopinavir, ritonavir, quercetin, quinidine, ranolazine ticagrelor, and erapamil.

[0021] The terms “eflective amount” and “therapeutically effective amount” are used
interchangeably throughout the present disclosure, whether referring to mitavipat or a

pharmaceutically acceptable salt thereof, a CYP3A4/5 inducer, or a CYP3A4/5 inhibitor.

[0022] An “effective amount™ of mitavipat or a pharmaceutically acceptable salt thereof
is an amount sufficient to provide a therapeutic benefit in the treatment of pyruvate kinase
deficiency (PKD), thalassemia (e.g., alfa-thalassemia, beta-thalassemia or non-transfusion-
dependent thalassemia), abetalipoproteinemia or Bassen-Kornzweig syndrome, sickle cell
disease, paroxysmal nocturnal hemoglobinuria, anemia (e.g., congenital anemias (e.g.,
enzymopathies), hemolytic anemia (e.g., hereditary and/or congenital hemolytic anemia,
acquired hemolytic anemia, chronic hemolytic anemia, chronic hemolytic anemia caused by
phosphoglycerate kinase deficiency, anemia of chronic diseases, non-spherocytic hemolytic
anemia or hereditary spherocytosis), as well as all other conditions disclosed in the section
“Diseases, Disorders and Conditions” in the present disclosure, i.e., conditions that are
responsive to treatment with a PKR activator such as mitavipat or a pharmaceutically
acceptable salt thercof. Such discascs, disorders and conditions arc hercinafter referred as “‘a
PKR activator-responsive condition” when referring to any one of these conditions or “PKR
activator-responsive conditions” when referring to these conditions collectively. Additionally
or alternatively, an “effective amount” of mitavipat or a pharmaceutically acceptable salt
thereof is an amount sufficient to delay or minimize one or more effects or symptoms

associated with these conditions. In one aspect, an “effective amount” of mitavipat or a
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pharmaceutically acceptable salt thereof means an amount of mitavipat or a pharmaceutically
acceptable salt thereof, alone or in combination with other therapies, which provides a
therapeutic benefit in the treatment of the condition. The term “effective amount” can
encompass an amount that improves overall therapy, reduces or avoids effects, symptoms,
signs, or causes of the condition, and/or enhances the therapeutic efficacy of another
therapeutic agent. In certain embodiments, an “effective amount™ of mitavipat or a
pharmaceutically acceptable salt thereof is an amount sufficient for eliciting measurable
activation of wild-type or mutant PKR. In certain embodiments, an “effective amount™ of
mitavipat or a pharmaccutically acceptablc salt thercof is an amount sufficient for regulating
2.3-diphosphoglycerate levels in blood in need thereof or for treating PKR activator-
responsive conditions or treating diseases or conditions that are associated with increased 2,3-
diphosphoglycerate levels (e.g., liver diseases). In certain embodiments, an effective amount
of mitavipat or a pharmaceutically acceptable salt thereof is an amount sufficient for eliciting
measurable activation of wild-type or mutant PKR and for regulating 2,3-diphosphoglycerate
levels in blood in need thereof or for treating PKR activator-responsive conditions or treating
diseases or conditions that are associated with increased 2,3-diphosphoglycerate levels (e.g.,
liver diseases). In one aspect, the effective amount is the amount required to generate a
subject’s hemoglobin response of >1.0 g/dL (such as >1.5 g/dL or >2.0 g/dL) increcasc in
Hb concentration from baseline. In one aspect, the subject’s baseline Hb concentration is the
average of all available Hb concentrations before treatment with a compound described
herein. In certain aspects, the effective amount is the amount required to reduce the patient’s
transfusion burden. In one aspect, the effective amount of mitapivat or a pharmaceutically
acceptable salt thereof (e.g., mitapivat sulfate) is between about 0.01-100 mg/kg body
weight/day of mitapivat or a pharmaceutically acceptable salt thereof (e.g., mitapivat sulfate),

e.g., about 0.1-100 mg/kg body weight/day.

[0023] Concomitant medications will be commonly used with mitapivat or a
pharmaceutically acceptable salt thereof (e.g., mitapivat sulfate). An “effective amount” of
the drug (e.g., an effective amount of a CYP3A4/5 inducer or an effective amount of a
CYP3A4/5 inhibitor) being co-administered with mitapivat or a pharmaceutically acceptable
salt thereof (e.g., mitapivat sulfate) is an amount sufficient to provide a desired therapeutic
benefit. Drugs that are being co-administered with mitapivat or a pharmaceutically acceptable
salt thereof (e.g., mitapivat sulfate), including some of the current antiarrhythmics,

antibiotics, antidepressants, antifungals, calcium channel blockers, H> receptor antagonists,
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non-nucleoside reverse transcriptase inhibitors (NNRTI1), protease inhibitors, etc., will
sometimes be CYP3A4/5 inducers or CYP3A4/5 inhibitors. In such instances, the amount of
mitapivat or a pharmaceutically acceptable salt thereof (e.g., mitapivat sulfate) or the amount
of the drug being co-administered should be adjusted to reduce effects of a drug-drug
interaction between mitapivat or a pharmaceutically acceptable salt thereof (e.g., mitapivat

sulfate) and the co-administered drug.

[0024] In one aspect, an effective amount of a CYP3A4/5 inducer is between about 0.1-
1000 mg/kg/day of a CYP3A4/5 inducer, e.g., about 1.0-1000 mg/kg/day, depending on the

drug that is co-administercd with.

[0025] In one aspect, an effective amount of a CYP3A4/5 inhibitor is between about 0.1-
1000 mg/kg/day of a CYP3A4/5 inhibitor, e.g., about 1.0-1000 mg/kg/day. depending on the

drug that is co-administered with.

[0026] In one aspect, an effective amount of a p-gp inhibitor is between about 0.1-1000
mg/kg/day of a p-gp inhibitor, e.g., about 1.0-1000 mg/kg/day, depending on the drug that is

co-administered with.

[0027] As used herein, reduction in transfusion burden means at least 20% reduction in
the number of RBC units transfused within at least 5 weeks of treatment. In certain
embodiments, the reduction in transfusion burden is >33% reduction in the number of RBC
units transfused within at least 5 weeks of treatment. In certain embodiments, reduction of
transfusion burden is >33% reduction in the number of RBC units transfused within at least

10 weeks (e.g., at least 20 weeks or at least 24 weeks) of treatment.

[0028] The term “activating” as used herein means an agent that (measurably) increases
the activity of wild type pyruvate kinase R (wt PKR) or causes wild type pyruvate kinase R
(wt PKR) activity to increase to a level that is greater than wt PKR’s basal levels of activity
or an agent that (measurably) increases the activity of a mutant pyruvate kinase R (mPKR)
or causes mutant pyruvate kinase R (mPKR) activity to increase to a level that is greater than
that mutant PKR’s basal levels of activity, for examples, to a level that is 20%, 40%, 50%,
60%, 70%., 80%, 90% or 100% of the activity of wild type PKR.

[0029] The terms “‘treatment,” “treat,” and “treating” refer to reversing, alleviating,

reducing the likelihood of developing, or inhibiting the progress of a disease or disorder, or
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one or more effects or symptoms thereof, as described herein. In some embodiments,
treatment may be administered after one or more symptoms have developed, i.e., therapeutic
treatment. In other embodiments, treatment may be administered in the absence of
symptoms. For example, treatment may be administered to a susceptible individual prior to
the onset of symptoms (e.g., in light of a history of symptoms and/or in light of genetic or
other susceptibility factors), i.e., prophylactic treatment. Treatment may also be continued
after symptoms have resolved, for example to reduce the likelihood of or delay their

recurrence.

[0030] As uscd herein the terms “subject” and “paticnt” may be uscd interchangcably,
and means a mammal in need of treatment with mitapivat or a pharmaceutically acceptable

salt thereof (e.g., mitapivat sulfate).

[0031] The term “pharmaceutically acceptable salt” when referring to a pharmaceutically
acceplable salt of mitapivalt, refers (o those salts which are, within the scope of sound medical
judgment, suitable for use in contact with the tissues of humans and lower animals without
undue toxicity, irritation, allergic response, and the like, and are commensurate with a
reasonable benefit/risk ratio. Pharmaceutically acceptable salts are well known in the art, for
example, Berge et al. describe pharmaceutically acceptable salts in detail in J. Pharmaceutical
Sciences, 1977, 66, 1-19. Pharmaceutically acceptable salts of mitapivat include those
derived from suitable inorganic and organic acids. Examples of pharmaceutically acceptable
acid addition salts are salts of an amino group formed with inorganic acids, such as
hydrochloric acid, hydrobromic acid, phosphoric acid, sulfuric acid, and perchloric acid or
with organic acids, such as acelic acid, oxalic acid, maleic acid, tartaric acid, citric acid,
succinic acid, or malonic acid or by using other methods known in the art such as ion
exchange. Other pharmaceutically acceptable salts include adipate, alginate, ascorbate,
aspartate, benzenesulfonate, benzoate, besylate bisulfate, borate, butyrate, camphorate,
camphorsulfonate, citrate, cyclopentanepropionate, digluconate, dodecylsulfate,
cthancsulfonatc, formatc, fumarate, glucoheptonate, glyccrophosphate, gluconate, gentisate,
hemisulfate, heptanoate, hexanoate, hydroiodide, 2-hydroxy-ethanesulfonate, lactobionate,
lactate, laurate, lauryl sulfate, malate, maleate, malonate, methanesulfonate, 2-
naphthalenesulfonate, nicotinate, nitrate, oleate, oxalate, palmitate, pamoate, pectinate,

persulfate, 3-phenylpropionate, phosphate, picrate, pivalate, propionate, stearate, succinate,

11

MEI1 45456854 v.1

Ex. 2001-1344



Docket No.: 128748-01502

sulfate, tartrate, thiocyanate, tosylate p-toluenesulfonate, undecanoate, valerate salts, and the

like. Preferably, a pharmaceutically acceptable salt of mitapivat is a sulfate salt.

[0032] As used herein, the terms “about” and “approximately” are used herein to mean
within the typical ranges of (olerance in the art. In one embodiment, “aboul” means within 2
standard deviations from the mean value. In one embodiment, “about’” means +10%. In one
embodiment, “about” means +5%. When “about” is present before a series of numbers of
number ranges, it is understood that the term can apply to any and each of the numbers and

ranges recited in the series.

Compositions and Administration

[0033]

he effective amount of mitapivat, in accordance with a method of the invention, may be
administered in the form of a pharmaceutical composition comprising mitapivat or a
pharmaceutically acceptable salt thereof (e.g., mitapivat sulfate), together with a

pharmaceutically acceptable carrier.

[0034] Pharmaceutical compositions of mitapivat or a pharmaceutically acceptable salt
thereof (e.g., mitapivat sulfate) can be prepared by any method known in the art of
pharmacology. In general, such preparatory methods include the steps of bringing of
mitapivat or a pharmaceutically acceptable salt thereof (e.g., mitapivat sulfate) into
association with a carrier and/or one or more other accessory ingredients, and then, if
necessary and/or desirable, shaping and/or packaging the product into a desired single- or

multi-dose unit.

[0035] Pharmaceutically acceptable carriers used in the manufacture of provided
pharmaceutical compositions include inert diluents, dispersing and/or granulating agents,
surface active agents and/or emulsifiers, disintegrating agents, binding agents, preservatives,
buffering agents, lubricating agents, and/or oils. Exemplary carriers, diluents, granulating
and/or dispersing agents, surface active agents and/or emulsifiers, binding agents,
preservatives, antioxidants, chelating agent, antifungal preservatives, alcohol preservatives,
acidic prescrvatives, other types of preservatives, buffering agents, lubricating agents, and
natural oils that can be included in a pharmaceutical composition of mitapivat or a
pharmaceutically acceptable salt thereof (e.g., mitapivat sulfate) as disclosed in International
Patent Application No. W02019/104134.
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[0036] Pharmaceutical compositions of mitapivat or a pharmaceutically acceptable salt
thereof (e.g., mitapivat sulfate) may be administered orally, parenterally, by inhalation spray,
topically, rectally, nasally, buccally, transmucosally, or in an ophthalmic preparation. The
term “parenteral” as used herein includes subcutaneous, intravenous, intramuscular,
intra-articular, intra-synovial, intrasternal, intrathecal, intrahepatic, intralesional and
intracranial injection or infusion techniques. In one aspect, the pharmaceutical compositions
provided herewith are orally administered in an orally acceptable dosage form including, but
not limited to, capsules, tablets, emulsions and aqueous suspensions, dispersions and
solutions. In the case of tablets for oral usc, carricrs which arc commonly used include onc or
more substances selected from microcrystalline cellulose, mannitol, croscarmellose sodium,
and sodium stearyl fumarate. Lubricating agents, such as magnesium stearate, are also
typically added. For oral administration in a capsule form, useful diluents include lactose and
dried corn starch. When aqueous suspensions and/or emulsions are administered orally, the
active ingredient may be suspended or dissolved in an oily phase is combined with
emulsifying and/or suspending agents. If desired, certain sweetening and/or flavoring and/or

coloring agents may be added.

[0037] A secondary drug can be co-administered with mitapivat or a pharmaceutically
acccptable salt thereof (e.g., mitapivat sulfate). The cffcctive amount of a sccondary drug that
is co-administered with mitapivat or a pharmaceutically acceptable salt thereof (e.g.,
mitapivat sulfate), such as a CYP3A4/5 inducer or a CYP3A4/5 inhibitor or a p-gp inhibitor,
if used in a method of the invention, may also be administered in the form of a
pharmaceutical composition comprising the CYP3A4/5 inducer or the CYP3A4/5 inhibitor or
the p-gp inhibitor, together with a pharmaceutically acceptable carrier. Pharmaceutical
compositions of the secondary drug may be prepared and administered as described above for
pharmaceutical compositions of mitapivat or a pharmaceutically acceptable salt thereof (e.g.,

mitapivat sulfate).

[0038] In onc aspcct, mitapivat or a pharmaccutically acccptable salt thercof (e.g.,
mitapivat sulfate) is formulated as a tablet composition together with a pharmaceutically

acceptable carrier, in accordance with the disclosures of International Patent Application No.

W02019/104134.

[0039] In one embodiment, in therapies comprising mitapivat or a pharmaceutically
acceptable salt thereof (e.g., mitapivat sulfate) and a secondary drug (e.g., a CYP3A4/5
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inducer or a CYP3A4/5 inhibitor), mitapivat or a pharmaceutically acceptable salt thereof
(e.g., mitapivat sulfate) and the secondary drug are administered “concurrently” to the
subject, which means that the subject is administered both drugs on the same day on all days
of the treatment period. In one embodiment, mitapivat or a pharmaceutically acceptable salt
thereof (e.g., mitapivat sulfate) and the secondary drug are administered “‘sequentially” to the
subject, which means that the subject is administered either of the two drugs on all days of
the treatment period, but not both drugs. In another embodiment, mitapivat or a
pharmaceutically acceptable salt thereof (e.g., mitapivat sulfate) and the secondary drug are
administered “scquentially and concurrently” to the subject, which mecans that the subject is
administered either of the two drugs on certain days of the treatment period, but not both
drugs; and the subject is administered both drugs on the same day on other days of the

treatment period.

Doses and Dosing Regimens

[0040] The amount of mitapivat or a pharmaceutically acceptable salt thereof (e.g.,
mitapivat sulfate) that may be combined with carrier materials to produce a composition in a
single dosage form will vary depending upon the subject to be treated and the particular mode
of administration. For example, a specific dosage and treatment regimen for any particular
subject will depend upon a variety of factors, including age, body weight, general health, sex,
diet, time of administration, rate of excretion, drug combination, the judgment of the treating
physician, and the severity of the particular disease being treated. The amount of mitapivat
or a pharmaceutically acceptable salt thereof will also depend upon the particular form (e.g.,
[ree base, salt form, crystalline [orm, elc.) in the composition. In one aspect, a provided
composition may be formulated such that a dosage equivalent to about 0.001 to about 100
mg/kg body weight/day of mitapivat or a pharmaceutically acceptable salt thereof (e.g., about
0.5 to about 100 mg/kg of mitapivat or a pharmaceutically acceptable salt thereof) can be
administered to a subject receiving these compositions. Alternatively, dosages equivalent to 1
mg/kg and 1000 mg/kg of mitapivat or a pharmaccutically acceptable salt thercof cvery 4 to

120 hours is also acceptable.

[0041] In one aspect, mitapivat or a pharmaceutically acceptable salt thereof is
formulated for administration at a dose of equivalent to about 2 mg to about 3000 mg of
mitapivat. In certain embodiments, the dose is an oral dose. In certain embodiments,
mitapivat or a pharmaceutically acceptable salt thereof is formulated equivalent to about 2
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mg to about 3000 mg of mitapivat. In certain embodiments, mitapivat or a pharmaceutically
acceptable salt thereof is formulated equivalent to about 5 mg to about 350 mg of mitapivat.
In certain embodiments, mitapivat or a pharmaceutically acceptable salt thereof is formulated
equivalent to about 5 mg to about 200 mg of mitapivat. In certain embodiments, mitapivat or
a pharmaceutically acceptable salt thereof is formulated equivalent to about 5 mg to about
100 mg of mitapivat. In certain embodiments, mitapivat or a pharmaceutically acceptable salt
thereof is formulated equivalent to about 5 mg of mitapivat. In certain embodiments,
mitapivat or a pharmaceutically acceptable salt thereof is formulated equivalent to about 10
mg of mitapivat. In ccrtain embodiments, mitapivat or a pharmaccutically acceptablc salt
thereof is formulated equivalent to about 15 mg of mitapivat. In certain embodiments,
mitapivat or a pharmaceutically acceptable salt thereof is formulated equivalent to about 20
mg of mitapivat. In certain embodiments, mitapivat or a pharmaceutically acceptable salt
thereof is formulated equivalent to about 25 mg of mitapivat. In certain embodiments,
mitapivat or a pharmaceutically acceptable salt thereof is formulated equivalent to about 30
mg of mitapivat. In certain embodiments, mitapivat or a pharmaceutically acceptable salt
thereof is formulated equivalent to about 35 mg of mitapivat. In certain embodiments,
mitapivat or a pharmaceutically acceptable salt thereof is formulated equivalent to about 40
mg of mitapivat. In ccrtain embodiments, mitapivat or a pharmaccutically acceptablc salt
thereof is formulated equivalent to about 45 mg of mitapivat. In certain embodiments,
mitapivat or a pharmaceutically acceptable salt thereof is formulated equivalent to about 50
mg of mitapivat. In certain embodiments, mitapivat or a pharmaceutically acceptable salt
thereof is formulated equivalent to about 55 mg of mitapivat. In certain embodiments,
mitapivat or a pharmaceutically acceptable salt thereof is formulated equivalent to about 60
mg of mitapivat. In certain embodiments, mitapivat or a pharmaceutically acceptable salt
thereof is formulated equivalent to about 65 mg of mitapivat. In certain embodiments,
mitapivat or a pharmaceutically acceptable salt thereof is formulated equivalent to about 70
mg of mitapivat. In certain embodiments, mitapivat or a pharmaceutically acceptable salt
thereof is formulated equivalent to about 75 mg of mitapivat. In certain embodiments,
mitapivat or a pharmaceutically acceptable salt thereof is formulated equivalent to about 80
mg of mitapival. In certain embodiments, milapival or a pharmaceultically acceptable salt
thereof is formulated equivalent to about 85 mg of mitapivat. In certain embodiments,
mitapivat or a pharmaceutically acceptable salt thereof is formulated equivalent to about 90
mg of mitapivat. In certain embodiments, mitapivat or a pharmaceutically acceptable salt

thereof is formulated equivalent to about 95 mg of mitapivat. In certain embodiments,
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mitapivat or a pharmaceutically acceptable salt thereof is formulated equivalent to about 100
mg of mitapivat. In certain embodiments, mitapivat or a pharmaceutically acceptable salt
thereof is formulated equivalent to about 110 mg of mitapivat. In certain embodiments,
mitapivat or a pharmaceutically acceptable salt thereof is formulated equivalent to about 120
mg of mitapivat. In certain embodiments, mitapivat or a pharmaceutically acceptable salt
thereof is formulated equivalent to about 130 mg of mitapivat. In certain embodiments,
mitapivat or a pharmaceutically acceptable salt thereof is formulated equivalent to about 140
mg of mitapivat. In certain embodiments, mitapivat or a pharmaceutically acceptable salt
thercof is formulated cquivalent to about 150 mg of mitapivat. In certain cmbodiments,
mitapivat or a pharmaceutically acceptable salt thereof is formulated equivalent to about 160
mg of mitapivat. In certain embodiments, mitapivat or a pharmaceutically acceptable salt
thereof is formulated equivalent to about 170 mg of mitapivat. In certain embodiments,
mitapivat or a pharmaceutically acceptable salt thereof is formulated equivalent to about 180
mg of mitapivat. In certain embodiments, mitapivat or a pharmaceutically acceptable salt
thereof is formulated equivalent to about 190 mg of mitapivat. In certain embodiments,
mitapivat or a pharmaceutically acceptable salt thereof is formulated equivalent to about 200
mg of mitapivat. In certain embodiments, mitapivat or a pharmaceutically acceptable salt
thercof is formulated cquivalent to about 210 mg of mitapivat. In certain cmbodiments,
mitapivat or a pharmaceutically acceptable salt thereof is formulated equivalent to about 220
mg of mitapivat. In certain embodiments, mitapivat or a pharmaceutically acceptable salt
thereof is formulated equivalent to about 230 mg of mitapivat. In certain embodiments,
mitapivat or a pharmaceutically acceptable salt thereof is formulated equivalent to about 240
mg of mitapivat. In certain embodiments, mitapivat or a pharmaceutically acceptable salt
thereof is formulated equivalent to about 250 mg of mitapivat. In certain embodiments,
mitapivat or a pharmaceutically acceptable salt thereof is formulated equivalent to about 260
mg of mitapivat. In certain embodiments, mitapivat or a pharmaceutically acceptable salt
thereof is formulated equivalent to about 270 mg of mitapivat. In certain embodiments,
mitapivat or a pharmaceutically acceptable salt thereof is formulated equivalent to about 280
mg of mitapivat. In certain embodiments, mitapivat or a pharmaceutically acceptable salt
thereol is formulated equivalent to about 290 mg of mitapivat. In certain embodiments,
mitapivat or a pharmaceutically acceptable salt thereof is formulated equivalent to about 300
mg of mitapivat. In certain embodiments, mitapivat or a pharmaceutically acceptable salt
thereof is formulated equivalent to about 300 to 360 mg of mitapivat. In certain embodiment,

the pharmaceutically acceptable salt of mitapivat is mitapivat sulfate.
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[0042] In certain embodiments, mitapivat or a pharmaceutically acceptable salt thereof is
formulated for administration at a dose equivalent to about 2 mg to about 3000 mg of
mitapivat per day. In certain embodiments, mitapivat or a pharmaceutically acceptable salt
thereof is formulated for administration at a dose equivalent to about 5 mg to about 500 mg
of mitapivat of per day. In certain embodiments, mitapivat or a pharmaceutically acceptable
salt thereof is formulated for administration at a dose equivalent to about 5 mg to about 200
mg of mitapivat per day. In certain embodiments, mitapivat or a pharmaceutically acceptable
salt thereof is formulated for administration at a dose equivalent to about 5 mg of mitapivat
per day. In certain embodiments, mitapivat or a pharmaccutically acceptablce salt thercof is
formulated for administration at a dose equivalent to about 5 mg to about 10 mg of mitapivat
per day. In certain embodiments, mitapivat or a pharmaceutically acceptable salt thereof is
formulated for administration at a dose of about 15 mg equivalent to mitapivat per day. In
certain embodiments, mitapivat or a pharmaceutically acceptable salt thereof is formulated
for administration at a dose equivalent to about 20 mg of mitapivat per day. In certain
embodiments, mitapivat or a pharmaceutically acceptable salt thereof is formulated for
administration at a dose equivalent to about 25 mg of mitapivat per day. In certain
embodiments, mitapivat or a pharmaceutically acceptable salt thereof is formulated for
administration at a dosc cquivalcent to about 30 mg of mitapivat per day. In certain
embodiments, mitapivat or a pharmaceutically acceptable salt thereof is formulated for
administration at a dose equivalent to about 35 mg of mitapivat per day. In certain
embodiments, mitapivat or a pharmaceutically acceptable salt thereof is formulated for
administration at a dose equivalent to about 40 mg of mitapivat per day. In certain
embodiments, mitapivat or a pharmaceutically acceptable salt thereof is formulated for
administration at a dose equivalent to about 45 mg of mitapivat per day. In certain
embodiments, mitapivat or a pharmaceutically acceptable salt thereof is formulated for
administration at a dose equivalent to about 50 mg of mitapivat thereof per day. In certain
embodiments, mitapivat or a pharmaceutically acceptable salt thereof is formulated for
administration at a dose equivalent to about 55 mg of mitapivat thereof per day. In certain
embodiments, mitapivat or a pharmaceutically acceptable salt thereof is formulated for
administration at a dose equivalent to about 60 mg of mitapival per day. In certain
embodiments, mitapivat or a pharmaceutically acceptable salt thereof is formulated for
administration at a dose equivalent to about 70 mg of mitapivat per day. In certain
embodiments, mitapivat or a pharmaceutically acceptable salt thereof is formulated for

administration at a dose equivalent to about 80 mg of mitapivat per day. In certain
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embodiments, mitapivat or a pharmaceutically acceptable salt thereof is formulated for
administration at a dose equivalent to about 90 mg of mitapivat per day. In certain
embodiments, mitapivat or a pharmaceutically acceptable salt thereof is formulated for
administration at a dose equivalent to about 100 mg of mitapivat per day. In certain
embodiments, mitapivat or a pharmaceutically acceptable salt thereof is formulated for
administration at a dose equivalent to about 110 mg of mitapivat per day. In certain
embodiments, mitapivat or a pharmaceutically acceptable salt thereof is formulated for
administration at a dose equivalent to about 120 mg of mitapivat per day. In certain
cmbodiments, mitapivat or a pharmaccutically acceptable salt thercof is formulated for
administration at a dose equivalent to about 130 mg of mitapivat per day. In certain
embodiments, mitapivat or a pharmaceutically acceptable salt thereof is formulated for
administration at a dose equivalent to about 140 mg of mitapivat per day. In certain
embodiments, mitapivat or a pharmaceutically acceptable salt thereof is formulated for
administration at a dose equivalent to about 150 mg of mitapivat per day. In certain
embodiments, mitapivat or a pharmaceutically acceptable salt thereof is formulated for
administration at a dose equivalent to about 160 mg of mitapivat per day. In certain
embodiments, mitapivat or a pharmaceutically acceptable salt thereof is formulated for
administration at a dosc cquivalent to about 170 mg of mitapivat per day. In certain
embodiments, mitapivat or a pharmaceutically acceptable salt thereof is formulated for
administration at a dose equivalent to about 180 mg of mitapivat per day. In certain
embodiments, mitapivat or a pharmaceutically acceptable salt thereof is formulated for
administration at a dose equivalent to about 190 mg of mitapivat per day. In certain
embodiments, mitapivat or a pharmaceutically acceptable salt thereof is formulated for
administration at a dose equivalent to about 200 mg of mitapivat per day. In certain
embodiments, mitapivat or a pharmaceutically acceptable salt thereof is formulated for
administration at a dose equivalent to about 210 mg of mitapivat per day. In certain
embodiments, mitapivat or a pharmaceutically acceptable salt thereof is formulated for
administration at a dose equivalent to about 220 mg of mitapivat per day. In certain
embodiments, mitapivat or a pharmaceutically acceptable salt thereof is formulated for
administration at a dose equivalent to about 230 mg of mitapivat per day. In certain
embodiments, mitapivat or a pharmaceutically acceptable salt thereof is formulated for
administration at a dose equivalent to about 240 mg of mitapivat per day. In certain
embodiments, mitapivat or a pharmaceutically acceptable salt thereof is formulated for

administration at a dose equivalent to about 250 mg of mitapivat per day. In certain
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embodiments, mitapivat or a pharmaceutically acceptable salt thereof is formulated for
administration at a dose equivalent to about 260 mg of mitapivat per day. In certain
embodiments, mitapivat or a pharmaceutically acceptable salt thereof is formulated for
administration at a dose equivalent to about 270 mg of mitapivat per day. In certain
embodiments, mitapivat or a pharmaceutically acceptable salt thereof is formulated for
administration at a dose equivalent to about 280 mg of mitapivat per day. In certain
embodiments, mitapivat or a pharmaceutically acceptable salt thereof is formulated for
administration at a dose equivalent to about 290 mg of mitapivat per day. In certain
cmbodiments, mitapivat or a pharmaccutically acceptable salt thercof is formulated for
administration at a dose equivalent to about 300 mg of mitapivat per day. In certain
embodiments, mitapivat or a pharmaceutically acceptable salt thereof is formulated for
administration at a dose equivalent to about 300-360 mg of mitapivat per day. Dosing can be
once, twice, or three times daily. In one aspect, mitapivat or a pharmaceutically acceptable
salt thereof is formulated for administration at a dose equivalent to about 5 mg of mitapivat
thereof twice per day. In one aspect, mitapivat or a pharmaceutically acceptable salt thereof is
formulated for administration at a dose equivalent to about 10 mg of mitapivat thereof twice
per day. In one aspect, mitapivat or a pharmaceutically acceptable salt thereof is formulated
for administration at a dosc cquivalent to about 15 mg of mitapivat thereof twice per day. In
one aspect, mitapivat or a pharmaceutically acceptable salt thereof is formulated for
administration at a dose equivalent to about 20 mg of mitapivat twice per day. In one aspect,
mitapivat or a pharmaceutically acceptable salt thereof is formulated for administration at a
dose equivalent to about 25 mg of mitapivat thereof twice per day. In one aspect, mitapivat or
a pharmaceutically acceptable salt thereof is formulated for administration at a dose
equivalent to about 30 mg of mitapivat thereof twice per day. In one aspect, mitapivat or a
pharmaceutically acceptable salt thereof is formulated for administration at a dose equivalent
to about 35 mg of mitapivat thereof twice per day. In one aspect, mitapivat or a
pharmaceutically acceptable salt thereof is formulated for administration at a dose equivalent
to about 40 mg of mitapivat thereof twice per day. In one aspect, mitapivat or a
pharmaceutically acceptable salt thereof is formulated for administration at a dose equivalent
to about 45 mg of mitapivat thereof twice per day. In one aspect, mitapival or a
pharmaceutically acceptable salt thereof is formulated for administration at a dose equivalent
to about 50 mg of mitapivat twice per day. In one aspect, mitapivat or a pharmaceutically
acceptable salt thereof is formulated for administration at a dose equivalent to about 55 mg of

mitapivat thereof twice per day. In one aspect, mitapivat or a pharmaceutically acceptable salt
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thereof 1s formulated for administration at a dose equivalent to about 60 mg of mitapivat
thereof twice per day. In one aspect, mitapivat or a pharmaceutically acceptable salt thereof is
formulated for administration at a dose equivalent to about 65 mg of mitapivat thereof twice
per day. In one aspect, mitapivat or a pharmaceutically acceptable salt thereof is formulated
for administration at a dose equivalent to about 70 mg of mitapivat thereof twice per day. In
one aspect, mitapivat or a pharmaceutically acceptable salt thereof is formulated for
administration at a dose equivalent to about 75 mg of mitapivat thereof twice per day. In one
aspect, mitapivat or a pharmaceutically acceptable salt thereof is formulated for
administration at a dosc cquivalcent to about 80 mg of mitapivat thercof twice per day. In onc
aspect, mitapivat or a pharmaceutically acceptable salt thereof is formulated for
administration at a dose equivalent to about 85 mg of mitapivat thereof twice per day. In one
aspect, mitapivat or a pharmaceutically acceptable salt thereof is formulated for
administration at a dose equivalent to about 90 mg of mitapivat thereof twice per day. In one
aspect, mitapivat or a pharmaceutically acceptable salt thereof is formulated for
administration at a dose equivalent to about 95 mg of mitapivat thereof twice per day. In one
aspect, mitapivat or a pharmaceutically acceptable salt thereof is formulated for
administration at a dose equivalent to about 100 mg of mitapivat twice per day. In another
aspcct, mitapivat or a pharmaccutically acceptable salt thereof is formulated for
administration at a dose equivalent to about 5 mg of mitapivat thereof once per day. In
another aspect, mitapivat or a pharmaceutically acceptable salt thereof is formulated for
administration at a dose equivalent to about 10 mg of mitapivat thereof once per day. In
another aspect, mitapivat or a pharmaceutically acceptable salt thereof is formulated for
administration at a dose equivalent to about 15 mg of mitapivat thereof once per day. In one
aspect, mitapivat or a pharmaceutically acceptable salt thereof is formulated for
administration at a dose equivalent to about 20 mg of mitapivat once per day. In another
aspect, mitapivat or a pharmaceutically acceptable salt thereof is formulated for
administration at a dose equivalent to about 25 mg of mitapivat thereof once per day. In
another aspect, mitapivat or a pharmaceutically acceptable salt thereof is formulated for
administration at a dose equivalent to about 30 mg of mitapivat thereof once per day. In
another aspect, milapival or a pharmaceutically acceptable salt thereof is [ormulated [or
administration at a dose equivalent to about 35 mg of mitapivat thereof once per day. In
another aspect, mitapivat or a pharmaceutically acceptable salt thereof is formulated for
administration at a dose equivalent to about 40 mg of mitapivat thereof once per day. In

another aspect, mitapivat or a pharmaceutically acceptable salt thereof is formulated for
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administration at a dose equivalent to about 45 mg of mitapivat thereof once per day. In one
aspect, mitapivat or a pharmaceutically acceptable salt thereof is formulated for
administration at a dose equivalent to about 50 mg of mitapivat once per day. In another
aspect, mitapivat or a pharmaceutically acceptable salt thereof is formulated for
administration at a dose equivalent to about 55 mg of mitapivat thereof once per day. In
another aspect, mitapivat or a pharmaceutically acceptable salt thereof is formulated for
administration at a dose equivalent to about 60 mg of mitapivat thereof once per day. In
another aspect, mitapivat or a pharmaceutically acceptable salt thereof is formulated for
administration at a dosc cquivalcent to about 65 mg of mitapivat thercof once per day. In
another aspect, mitapivat or a pharmaceutically acceptable salt thereof is formulated for
administration at a dose equivalent to about 70 mg of mitapivat thereof once per day. In
another aspect, mitapivat or a pharmaceutically acceptable salt thereof is formulated for
administration at a dose equivalent to about 75 mg of mitapivat thereof once per day. In
another aspect, mitapivat or a pharmaceutically acceptable salt thereof is formulated for
administration at a dose equivalent to about 80 mg of mitapivat thereof once per day. In
another aspect, mitapivat or a pharmaceutically acceptable salt thereof is formulated for
administration at a dose equivalent to about 85 mg of mitapivat thereof once per day. In
another aspect, mitapivat or a pharmaccutically acceptable salt thercof is formulated for
administration at a dose equivalent to about 95 mg of mitapivat thereof once per day. In one
aspect, mitapivat or a pharmaceutically acceptable salt thereof is formulated for
administration at a dose equivalent to about 100 mg of mitapivat once per day. In another
aspect, mitapivat or a pharmaceutically acceptable salt thereof is formulated for
administration at a dose equivalent to about 110 mg of mitapivat thereof once per day. In
another aspect, mitapivat or a pharmaceutically acceptable salt thereof is formulated for
administration at a dose equivalent to about 120 mg of mitapivat thereof once per day. In
another aspect, mitapivat or a pharmaceutically acceptable salt thereof is formulated for
administration at a dose equivalent to about 130 mg of mitapivat thereof once per day. In
another aspect, mitapivat or a pharmaceutically acceptable salt thereof is formulated for
administration at a dose equivalent to about 140 mg of mitapivat thereof once per day. In
another aspect, milapival or a pharmaceutically acceptable salt thereof is [ormulated [or
administration at a dose equivalent to about 150 mg of mitapivat thereof once per day. In
another aspect, mitapivat or a pharmaceutically acceptable salt thereof is formulated for
administration at a dose equivalent to about 160 mg to about 200 mg of mitapivat thereof

once per day. In another aspect, mitapivat or a pharmaceutically acceptable salt thereof is
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formulated for administration at a dose equivalent to about 200 mg to about 360 mg of
mitapivat thereof once per day. In one aspect, mitapivat or a pharmaceutically acceptable salt
thereof is formulated for administration at a dose equivalent to about 5 mg of mitapivat once
every other day. In one aspect, mitapivat or a pharmaceutically acceptable salt thereof is
formulated for administration at a dose equivalent to about 20 mg of mitapivat once every
other day. In one aspect, mitapivat or a pharmaceutically acceptable salt thereof is formulated
for administration at a dose equivalent to about 50 mg of mitapivat once every other day. In
one aspect, mitapivat or a pharmaceutically acceptable salt thereof is formulated for
administration at a dosc cquivalcent to about 100 mg of mitapivat oncc cvery other day. In

certain embodiment, the pharmaceutically acceptable salt of mitapivat is mitapivat sulfate.

[0043] In certain embodiments, for any of the methods presented herein, further
comprising reducing the dose of mitapivat or a pharmaceutically acceptable salt thereof by
about 70% (o about 80%. In certain embodiments, for any of the methods presented herein,
further comprising reducing the dose of mitapivat or a pharmaceutically acceptable salt
thereof by about 60% to about 70%. In certain embodiments, for any of the methods
presented herein, further comprising reducing the dose of mitapivat or a pharmaceutically
acceptable salt thereof by about 50% to about 60%. In certain embodiments, for any of the
methods presented hercin, further comprising reducing the dosc of mitapivat or a
pharmaceutically acceptable salt thereof by about 40% to about 50%. In certain
embodiments, for any of the methods presented herein, further comprising reducing the dose
of mitapivat or a pharmaceutically acceptable salt thereof by about 30% to about 40%. In
certain embodiments, for any of the methods presented herein, further comprising reducing
the dose of mitapivat or a pharmaceutically acceptable salt thereof by about 20% to about
30%. In certain embodiments, for any of the methods presented herein, further comprising
reducing the dose of mitapivat or a pharmaceutically acceptable salt thereof by about 10% to
about 20%. In certain embodiments, for any of the methods presented herein, further
comprising reducing the dose of mitapivat or a pharmaceutically acceptable salt thereof by
about 50%. In certain embodiments, for any of the methods presented herein, further
comprising reducing the dose of mitapivat or a pharmaceutically acceptable salt thereof from
the dose equivalent to about 400 mg of mitapivat to the dose equivalent to about 200 mg. In
certain embodiments, for any of the methods presented herein, further comprising reducing
the dose of mitapivat or a pharmaceutically acceptable salt thereof from the dose equivalent

to about 300 mg of mitapivat to the dose equivalent to about 150 mg. In certain embodiments,
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for any of the methods presented herein, further comprising reducing the dose of mitapivat or
a pharmaceutically acceptable salt thereof from the dose equivalent to about 200 mg of
mitapivat to the dose equivalent to about 100 mg. In certain embodiments, for any of the
methods presented herein, further comprising reducing the dose of mitapivat or a
pharmaceutically acceptable salt thereof from the dose equivalent to about 100 mg of
mitapivat to the dose equivalent to about 50 mg. In certain embodiments, for any of the
methods presented herein, further comprising reducing the dose of mitapivat or a
pharmaceutically acceptable salt thereof from the dose equivalent to about 50 mg of
mitapivat to the dosc cquivalent to about 25 mg. In certain embodiments, for any of the
methods presented herein, further comprising reducing the dose of mitapivat or a
pharmaceutically acceptable salt thereof from the dose equivalent to about 20 mg of
mitapivat to the dose equivalent to about 10 mg. In certain embodiments, for any of the
methods presented herein, further comprising reducing the dose of mitapivat or a
pharmaceutically acceptable salt thereof from the dose equivalent to about 10 mg of
mitapivat to the dose equivalent to about 5 mg. In certain embodiments, for any of the
methods presented herein, further comprising reducing the dose of mitapivat or a
pharmaceutically acceptable salt thereof from the dose equivalent to about 5 mg of mitapivat

to the dosc cquivalent to about 2.5 mg.

[0044] In certain embodiments, for any of the methods presented herein, further
comprising reducing the dose frequency of mitapivat or a pharmaceutically acceptable salt
thereof by about 70% to about 80%. In certain embodiments, for any of the methods
presented herein, [urther comprising reducing the dose [requency of mitapivatl or a
pharmaceutically acceptable salt thereof by about 60% to about 70%. In certain
embodiments, for any of the methods presented herein, further comprising reducing the dose
frequency of mitapivat or a pharmaceutically acceptable salt thereof by about 50% to about
60%. In certain embodiments, for any of the methods presented herein, further comprising
reducing the dose frequency of mitapivat or a pharmaceutically acceptable salt thereof by
about 40% to about 50%. In certain embodiments, for any of the methods presented herein,
further comprising reducing the dose frequency of mitapivat or a pharmaceutically acceptable
salt thereof by about 30% to about 40%. In certain embodiments, for any of the methods
presented herein, further comprising reducing the dose frequency of mitapivat or a
pharmaceutically acceptable salt thereof by about 20% to about 30%. In certain

embodiments, for any of the methods presented herein, further comprising reducing the dose
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frequency of mitapivat or a pharmaceutically acceptable salt thereof by about 10% to about
20%. In certain embodiments, for any of the methods presented herein, further comprising
reducing the dose frequency of mitapivat or a pharmaceutically acceptable salt thereof by
about 50%. In certain embodiments, for any of the methods presented herein, further
comprising reducing the dose frequency of mitapivat or a pharmaceutically acceptable salt
thereof from twice daily to once daily. In certain embodiments, for any of the methods
presented herein, further comprising reducing the dose frequency of mitapivat or a

pharmaceutically acceptable salt thereof from once daily to once every other day.

[0045] In certain embodiments, for any of the methods presented hercin, further
comprising reducing the dose of mitapivat or a pharmaceutically acceptable salt thereof from
the dose equivalent to about 400 mg of mitapivat twice daily to the dose equivalent to about
200 mg twice daily. In certain embodiments, for any of the methods presented herein, further
comprising reducing the dose ol mitapivat or a pharmaceutically acceplable salt thereol [rom
the dose equivalent to about 300 mg of mitapivat twice daily to the dose equivalent to about
150 mg twice daily. In certain embodiments, for any of the methods presented herein, further
comprising reducing the dose of mitapivat or a pharmaceutically acceptable salt thereof from
the dose equivalent to about 200 mg of mitapivat twice daily to the dose equivalent to about
100 mg twicc daily. In certain cmbodiments, for any of thc mcthods presented herein, further
comprising reducing the dose of mitapivat or a pharmaceutically acceptable salt thereof from
the dose equivalent to about 100 mg of mitapivat twice daily to the dose equivalent to about
50 mg twice daily. In certain embodiments, for any of the methods presented herein, further
comprising reducing the dose ol mitapivat or a pharmaceutically acceplable salt thereol [rom
the dose equivalent to about 50 mg of mitapivat twice daily to the dose equivalent to about 25
mg twice daily. In certain embodiments, for any of the methods presented herein, further
comprising reducing the dose of mitapivat or a pharmaceutically acceptable salt thereof from
the dose equivalent to about 20 mg of mitapivat twice daily to the dose equivalent to about 10
mg twice daily. In certain embodiments, for any of the methods presented herein, further
comprising reducing the dose of mitapivat or a pharmaceutically acceptable salt thereof from
the dose equivalent to about 10 mg of mitapivat twice daily to the dose equivalent to about 5
mg twice daily. In certain embodiments, for any of the methods presented herein, further
comprising reducing the dose of mitapivat or a pharmaceutically acceptable salt thereof from
the dose equivalent to about 5 mg twice daily of mitapivat to the dose equivalent to about 2.5

mg twice daily.
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[0046] In certain embodiments, for any of the methods presented herein, further
comprising reducing the dose of mitapivat or a pharmaceutically acceptable salt thereof from
the dose equivalent to about 400 mg of mitapivat once daily to the dose equivalent to about
200 mg once daily. In certain embodiments, for any of the methods presented herein, further
comprising reducing the dose of mitapivat or a pharmaceutically acceptable salt thereof from
the dose equivalent to about 300 mg of mitapivat once daily to the dose equivalent to about
150 mg once daily. In certain embodiments, for any of the methods presented herein, further
comprising reducing the dose of mitapivat or a pharmaceutically acceptable salt thereof from
the dosc cquivalent to about 200 mg of mitapivat oncc daily to the dosc cquivalent to about
100 mg once daily. In certain embodiments, for any of the methods presented herein, further
comprising reducing the dose of mitapivat or a pharmaceutically acceptable salt thereof from
the dose equivalent to about 100 mg of mitapivat once daily to the dose equivalent to about
50 mg once daily. In certain embodiments, for any of the methods presented herein, further
comprising reducing the dose of mitapivat or a pharmaceutically acceptable salt thereof from
the dose equivalent to about 50 mg of mitapivat once daily to the dose equivalent to about 25
mg once daily. In certain embodiments, for any of the methods presented herein, further
comprising reducing the dose of mitapivat or a pharmaceutically acceptable salt thereof from
the dosc cquivalent to about 20 mg of mitapivat oncc daily to the dosc cquivalent to about 10
mg once daily. In certain embodiments, for any of the methods presented herein, further
comprising reducing the dose of mitapivat or a pharmaceutically acceptable salt thereof from
the dose equivalent to about 10 mg of mitapivat once daily to the dose equivalent to about 5
mg once daily. In certain embodiments, for any of the methods presented herein, further
comprising reducing the dose of mitapivat or a pharmaceutically acceptable salt thereof from
the dose equivalent to about 5 mg once daily of mitapivat to the dose equivalent to about 2.5

mg once daily.

[0047] In certain embodiments, for any of the methods presented herein, further
comprising reducing the dose of mitapivat or a pharmaceutically acceptable salt thereof from
the dose equivalent to about 400 mg of mitapivat twice daily to the dose equivalent to about
200 mg once daily. In certain embodiments, for any of the methods presented herein, further
comprising reducing the dose of mitapivat or a pharmaceutically acceptable salt thereof from
the dose equivalent to about 300 mg of mitapivat twice daily to the dose equivalent to about
150 mg once daily. In certain embodiments, for any of the methods presented herein, further

comprising reducing the dose of mitapivat or a pharmaceutically acceptable salt thereof from
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the dose equivalent to about 200 mg of mitapivat twice daily to the dose equivalent to about
100 mg once daily. In certain embodiments, for any of the methods presented herein, further
comprising reducing the dose of mitapivat or a pharmaceutically acceptable salt thereof from
the dose equivalent to about 100 mg of mitapivat twice daily to the dose equivalent to about
50 mg once daily. In certain embodiments, for any of the methods presented herein, further
comprising reducing the dose of mitapivat or a pharmaceutically acceptable salt thereof from
the dose equivalent to about 50 mg of mitapivat twice daily to the dose equivalent to about 25
mg once daily. In certain embodiments, for any of the methods presented herein, further
comprising reducing thc dosc of mitapivat or a pharmaccutically acceptable salt thercof from
the dose equivalent to about 20 mg of mitapivat twice daily to the dose equivalent to about 10
mg once daily. In certain embodiments, for any of the methods presented herein, further
comprising reducing the dose of mitapivat or a pharmaceutically acceptable salt thereof from
the dose equivalent to about 10 mg of mitapivat twice daily to the dose equivalent to about 5
mg once daily. In certain embodiments, for any of the methods presented herein, further
comprising reducing the dose of mitapivat or a pharmaceutically acceptable salt thereof from
the dose equivalent to about 5 mg twice daily of mitapivat to the dose equivalent to about 2.5

mg once daily.

[0048] In some cmbodiments, mitapivat or a pharmaccutically acccptable salt thercof
(e.g.. mitapivat sulfate) is present in the tablet composition in an amount equivalent to about
1 to about 200 mg of mitapivat. In some embodiments, mitapivat or a pharmaceutically
acceptable salt thereof (e.g., mitapivat sulfate) is present in the tablet composition in an
amount equivalent (o about 1 to about 150 mg of mitapival. In some embodiments, mitapivat
or a pharmaceutically acceptable salt thereof (e.g., mitapivat sulfate) is present in the tablet
composition in an amount equivalent to about 1 to about 100 mg of mitapivat. In some
embodiments, mitapivat or a pharmaceutically acceptable salt thereof (e.g., mitapivat sulfate)
is present in the tablet composition in an amount equivalent to about 5 mg of mitapivat. In
some embodiments, mitapivat or a pharmaceutically acceptable salt thereof (e.g., mitapivat
sulfate) is present in the tablet composition in an amount equivalent to about 20 mg of
mitapivat. In some embodiments, mitapivat or a pharmaceutically acceptable salt thereof
(e.g., mitapivat sulfate) is present in the tablet composition in an amount equivalent to about
50 mg of mitapivat. In some embodiments, mitapivat or a pharmaceutically acceptable salt
thereof (e.g., mitapivat sulfate) is present in the tablet composition in an amount equivalent to

about 75 mg of mitapivat. In some embodiments, mitapivat or a pharmaceutically acceptable
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salt thereof (e.g., mitapivat sulfate) is present in a tablet composition in an amount equivalent
to about 100 mg of mitapivat. In certain embodiment, the pharmaceutically acceptable salt of

mitapivat is mitapivat sulfate.

[0049] As used herein, the dose amount of mitapivat or a pharmaceultically acceptable
salt thereof (e.g., mitapivat sulfate) is based on the equivalence to the free-base form of
mitapivat. For example, “mitapivat or pharmaceutically acceptable salt thereof present in the
composition in an amount equivalent to about 2.0 mg of mitapivat” means about 2.0 mg of
free-base mitapivat or about 2.33 mg of mitapivat sulfate having the structural formula as

depicted in the background of the present disclosurc.

Methods of Treatment (Mitapivat Monotherapy and Concomitant Medications)

[0050] In one aspect, the present disclosure provides methods of treating a disease,
disorder or condition with mitapivat or a pharmaceutically acceptable salt thereof and a
CYP3A4/5 inducer or a CYP3A4/5 inhibitor or a p-gp inhibitor; use of mitapivat and a
CYP3A4/5 inducer or a CYP3A4/5 inhibitor or a p-gp inhibitor for the manufacture of a
medicament for treating a disease, disorder or condition; and mitapivat or a pharmaceutically
acceptable salt thereof and a CYP3A4/5 inducer or a CYP3A4/5 inhibitor or a p-gp inhibitor
for use in treating a disease, disorder or condition. The disease, disorder or condition treated
is pyruvate kinase deficiency (PKD), sickle cell disease, or thalassemia as further discussed
in the following embodiments, and any one disease, disorder or condition described in the

section “Diseases, Disorders and Conditions” provided in the present disclosure.

[0051] In one embodiment, the present disclosure relates to a method of treating pyruvate
kinase deficiency (PKD) in a subject, comprising administering to the subject an effective

amount of mitapivat or a pharmaceutically acceptable salt thereof and an effective amount of

an inducer of cytochrome P450 3A4 (CYP3A4) or 3A5 (CYP3AS).

[0052] In another embodiment, the present disclosure relates to a method of treating
sickle cell disease in a subject, comprising administering to the subject an effective amount of
mitapivat or a pharmaceutically acceptable salt thereof and an effective amount of an inducer

of cytochrome P450 3A4 (CYP3A4) or 3AS5 (CYP3AS).

[0053] In yet another embodiment, the present disclosure relates to a method of treating

thalassemia in a subject, comprising administering to the subject an effective amount of
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mitapivat or a pharmaceutically acceptable salt thereof and an effective amount of an inducer
of cytochrome P450 3A4 (CYP3A4) or 3A5 (CYP3AS5). In certain embodiments, the

thalassemia is alpha thalassemia. In certain embodiments, the thalassemia is beta thalassemia.

[0054] In one embodiment, the method of any one of the preceding embodiments [urther

comprises:

(a) monitoring the subject for an effect of a drug-drug interaction between

mitapivat or a pharmaceutically acceptable salt thereof and the CYP3A4/5 inducer; and

(b) in the event that an effect of the drug-drug interaction is present, adjusting the
effective amount of mitapivat or a pharmaceutically acceptable salt thereof and/or the
cffective amount of the CYP3A4/5 inducer being administered to the subject to reducc the

effect.

[0055] In some embodiments, the adjustment is to reduce the dose of mitapivat or a
pharmaceutically acceptable salt thereof. In some embodiments, the adjustment is to reduce
the dose [requency ol mitapivat or a pharmaceutically acceptable salt thereol. In some
embodiments, the adjustment is to reduce the dose and dose frequency of mitapivat or a
pharmaceutically acceptable salt thereof. Details of the dose and/or dose frequency

adjustment are shown in the dose and dose regime section.
[0056] In one embodiment, the method of the preceding embodiment further comprises:

(c) repeating (a) and (b) until there are no further detectable symptoms of the

drug-drug interaction.

Steps (a) and (b) can be repeated as many times as necessary until there are no further
detectable symptoms of the drug-drug interaction. In one embodiment, step (a) comprises
measuring and analyzing the pharmacokinetic (PK) such as AUC (i.e., area under the plasma
concentration-time curve, such as AUCo24, AUCo.t, AUC0.inr, AUC%cstrap) and Cmax values
(i.e., the maximum (or peak) serum concentration that a drug achieves in a specified
compartment or test area of the body after the drug has been administrated and before the
administration of a second dose). In one embodiment, step {(a) comprises measuring and
analyzing other PK parameters such as but not limited to Ci/F (i.e., apparent total body

clearance of the drug from plasma), V./F (i.e., apparent volume of distribution during
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terminal phase after non-intravenous administration), ti/2 (elimination half-life), tiast, tmax (time

to reach maximum (peak) plasma concentration following drug administration), etc.

[0057] A “drug-drug interaction’ as used herein refers to a change in concentration in a
patent of a first drug (e.g., mitapivat) and consequential change in the elfect of the [irst drug
on the subject/patient resulting from administration of a second drug (e.g., a CYP3A4/5
inducer, a CYP3A4/5 inhibitor). The change in concentration and consequential change in
effect of the first drug resulting from the second drug typically occurs because of a change in
activity or expression level of a detoxification enzyme that acts to clear the first drug from the
paticnt (such as CYP3A4/5), wherein the change in activity or expression lcvel of the
detoxification enzyme is caused by the second drug. An increase in activity or expression
level of the detoxification enzyme will tend to decrease the concentration of the first drug in
the patient and its consequential effect on the patient, whereas a decrease in activity or
expression level of the detoxification enzyme will tend (o increase the concentration of the

first drug in the patient and its consequential effect on the patient.

[0058] An “effect of a drug-drug interaction” as used herein refers to a detectable and
measurable effect, such as a detectable symptom, on the subject/patient caused by the drug-
drug interaction. Where the concentration of the first drug is increased, such as when
mitapivat is co-administered with a CYP3A4/5 inhibitor, the “effect” typically refers to
undesired phenomena such as an overdose of the first drug, liver failure, kidney failure, and
the prevalence of side effects and adverse reactions. Where the concentration of the first drug
is decreased, such as when mitapivat is co-administered with a CYP3A4/5 inducer, the
“effect” typically refers o a decrease in the therapeulic efficacy of the [irst drug (e.g.,
mitapivat). Exemplary effects of a drug-drug interaction as used herein further include
headache, insomnia, nausea, viral upper respiratory tract infection, arthralgia, diarrhoea,
fatigue, hot flush, influenza, vomiting, cough, dizziness, oropharyngeal pain, pyrexia, back
pain, dysmenorrhoea, and gastroenteritis, and dyspepsia. Hypertriglyceridemia, hemolytic

ancmia, hemolysis, dizzincss, ctc.

[0059] In one embodiment, the present disclosure relates to a method of treating pyruvate
kinase deficiency (PKD) in a subject, comprising administering to the subject an effective
amount of mitapivat or a pharmaceutically acceptable salt thereof and an effective amount of

an inhibitor of cytochrome P450 3A4 (CYP3A4) or 3A5 (CYP3AS).

29

MEI1 45456854 v.1

Ex. 2001-1362



Docket No.: 128748-01502

[0060] In another embodiment, the present disclosure relates to a method of treating
sickle cell disease in a subject, comprising administering to the subject an effective amount of
mitapivat or a pharmaceutically acceptable salt thereof and an effective amount of an

inhibitor of cytochrome P450 3A4 (CYP3A4) or 3A5 (CYP3AS).

[0061] In yet another embodiment, the present disclosure relates to a method of treating
thalassemia in a subject, comprising administering to the subject an effective amount of
mitapivat or a pharmaceutically acceptable salt thereof and an effective amount of an
inhibitor of cytochrome P450 3A4 (CYP3A4) or 3A5 (CYP3AS) or a p-gp inhibitor. In
ccrtain cmbodiments, the thalasscmia is alpha thalasscmia. In certain cmbodiments, the

thalassemia is beta thalassemia.

[0062] In one embodiment, the method of any one of the suitable preceding embodiments

further comprises:

(a) monitoring the subject for a symptom of a drug-drug interaction between

mitapivat or a pharmaceutically acceptable salt thereof and the CYP3A4/5 inhibitor; and

(b) in the event that a symptom of the drug-drug interaction is present, adjusting
the effective amount of mitapivat or a pharmaceutically acceptable salt thereof and/or the
effective amount of the CYP3A4/5 inhibitor being administered to the subject to reduce the
effect.

[0063] In some embodiments, the adjustment is to reducce the dosc of mitapivat or a
pharmaceutically acceptable salt thereof. In some embodiments, the adjustment is to reduce
the dose frequency of mitapivat or a pharmaceutically acceptable salt thereof. In some
embodiments, the adjustment is to reduce the dose and dose frequency of mitapivat or a
pharmaceutically acceptable salt thereof. Details of the dose and/or dose frequency

adjustment are shown in the dose and dose regime section.
[0064] In one embodiment, the method of the preceding embodiment further comprises:

©) repeating (a) and (b) until there are no further detectable symptoms of the

drug-drug interaction.

Likewise, steps (a) and (b) can be repeated as many times as necessary until here are no

further detectable symptoms of the drug-drug intcraction. Ways of monitoring the subject for

30

MEI1 45456854 v.1

Ex. 2001-1363



Docket No.: 128748-01502

a symptom of a drug-drug interaction between mitapivat or a pharmaceutically acceptable salt

thereof and the CYP3A4/5 inhibitor as recited in step (a) are as described above.

[0065] In one embodiment, the method of any one of the preceding embodiments
comprises administering to the subject the ellective amount of milapival or a
pharmaceutically acceptable salt thereof and the effective amount of the CYP3A4/5 inducer

(or inhibitor) sequentially.

[0066] In one embodiment, the method of any one of the preceding embodiments
comprises administering to the subject the effective amount of mitapivat or a
pharmaceutically acceptable salt thereof and the effective amount of the CYP3A4/5 inducer

(or inhibitor) concurrently.

[0067] In one embodiment, the method of any one of the preceding embodiments
comprises administering to the subject the effective amount of mitapivat or a
pharmaceutically acceptable salt thereof and the effective amount of the CYP3A4/5 inducer
(or inhibitor) sequentially and concurrently. As used herein, “co-administered” or “in
combination with” encompasses administration of mitapivat or a pharmaceutically acceptable
salt thereof and the CYP3A4/5 inducer (or inhibitor) sequentially and concurrently, or at
different intervals. In another embodiments, for the method of any one of the embodiments,
the CYP3A4/5 inducer is a mild CYP3A4/5 inducer. In another embodiments, for the method
of any one of the embodiments, the CYP3A4/5 inhibitor is a mild CYP3A4/5 inhibitor. In
another embodiments, for the methods of any one of the embodiments, the CYP3A4/5
inhibitor is a moderate CYP3A4/5 inhibitor.

[0068] In another aspect, the present disclosure provides methods of treating a disease,
disorder or a condition with mitapivat in the absence of a CYP3A4/5 inducer or a CYP3A4/5
inhibitor or a p-gp inhibitor; use of mitapivat in the absence of a CYP3A4/5 inducer or a
CYP3A4/5 inhibitor or a p-gp inhibitor for the manufacture of a medicament for treating
disease, disorder or a condition; and mitapivat in the absence of a CYP3A4/5 inducer or a

CYP3A4/5 inhibitor or a p-gp inhibitor for use in treating a disease, disorder or a condition.

[0069] As uscd hercein, “in the abscnce of” when referring to a sccondary drug co-
administered with mitapivat (e.g., a CYP3A4/5 inducer or a CYP3A4/5 inhibitor or a p-gp
inhibitor), refers to levels of the secondary drug in the subject/patient that are sufficiently low

that such that any change in the levels of the detoxification enzymes for mitapivat and the
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secondary drug results in no detectable symptoms of a drug-drug interaction between

mitapivat and the secondary drug.

[0070] In one embodiment, the present disclosure relates to a method of treating pyruvate
kinase deficiency (PKD) in a subject, comprising administering to the subject an elleclive
amount of mitapivat or a pharmaceutically acceptable salt thereof in the absence of an

inducer of cytochrome P450 3A4 (CYP3A4) or 3A5 (CYP3AS).

[0071] In another embodiment, the present disclosure relates to a method of treating
sickle cell disease in a subject, comprising administering to the subject an effective amount of
mitapivat or a pharmaceutically acceptable salt thereof in the absence of an inducer of

cytochrome P450 3A4 (CYP3A4) or 3A5 (CYP3AS).

[0072] In yet another embodiment, the present disclosure relates to a method of treating
thalassemia in a subject, comprising administering to the subject an effective amount of
mitapivat or a pharmaceutically acceptable salt thereof in the absence of an inducer of
cytochrome P450 3A4 (CYP3A4) or 3A5 (CYP3AS5). In some embodiments, the thalassemia

is alpha thalassemia. In some embodiments, the thalassemia is beta thalassemia.

[0073] In one embodiment, in accordance with the method of any one of the suitable
preceding embodiments, administration of a CYP3A4/5 inducer, if any, is terminated at a
sufficient time interval prior to the administration of the effective amount of mitapivat or a
pharmaceutically acceptable salt thereof such that there is no detectable symptom of a drug-
drug interaction between mitapivat or a pharmaceutically acceptable salt thereof and the
CYP3A4/5 inducer. In certain embodiments, the CYP3A4/5 inducer is a strong CYP3A4/5
inducer. In certain embodiments, the CYP3A4/5 inducer is a moderate CYP3A4/5 inducer. In
some embodiments, the CYP3A4/5 inducer is terminated at least 30 days prior to the
administration of the effective amount of mitapivat or a pharmaceutically acceptable salt
thereof. In some embodiments, the CYP3A4/5 inducer is terminated at least 28 days prior to
the administration of the effective amount of mitapivat or a pharmaceutically acceptable salt
thereof. In some embodiments, the CYP3A4/5 inducer is terminated at least 25 days prior to
the administration of the effective amount of mitapivat or a pharmaceutically acceptable salt
thereof. In some embodiments, the CYP3A4/5 inducer is terminated at least 21 days prior to
the administration of the effective amount of mitapivat or a pharmaceutically acceptable salt

thereol. In some embodiments, the CYP3A4/5 inducer is terminated at least 15 days prior Lo
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the administration of the effective amount of mitapivat or a pharmaceutically acceptable salt
thereof. In some embodiments, the CYP3A4/5 inducer is terminated at least 14 days prior to
the administration of the effective amount of mitapivat or a pharmaceutically acceptable salt
thereof. In some embodiments, the CYP3A4/5 inducer is terminated at least 10 days prior to
the administration of the effective amount of mitapivat or a pharmaceutically acceptable salt
thereof. In some embodiments, the CYP3A4/5 inducer is terminated at least 7 days prior to

the administration of the effective amount of mitapivat or a pharmaceutically acceptable salt
thereof. In some embodiments, the CYP3A4/5 inducer is terminated at least 5 days prior to

the administration of the effcctive amount of mitapivat or a pharmaccutically acceptable salt

thercof.

[0074] In one embodiment, the present disclosure relates to a method of treating pyruvate
kinase deficiency (PKD) in a subject, comprising administering to the subject an effective
amount of mitapivat or a pharmaceultically acceptable salt thereol in the absence of an

inhibitor of cytochrome P450 3A4 (CYP3A4) or 3A5 (CYP3AS).

[0075] In another embodiment, the present disclosure relates to a method of treating
sickle cell disease in a subject, comprising administering to the subject an effective amount of
mitapivat or a pharmaceutically acceptable salt thereof in the absence of an inhibitor of

cytochrome P450 3A4 (CYP3A4) or 3A5 (CYP3AS).

[0076] In yet another embodiment, the present disclosure relates to a method of treating
thalassemia in a subject, comprising administering to the subject an effective amount of
mitapivat or a pharmaceutically acceptable salt thereof in the absence of an inhibitor of
cytochrome P450 3A4 (CYP3A4) or 3A5 (CYP3AYS). In certain embodiment, the thalassemia

is alpha-thalassemia. In certain embodiment, the thalassemia is beta-thalassemia.

[0077] In one embodiment, in accordance with the method of any one of the suitable
preceding embodiments, administration of a CYP3A4/5 inhibitor, if any, is terminated at a
sufficient time interval prior to the administration of the effective amount of mitapivat or a
pharmaceutically acceptable salt thereof such that there is no detectable symptom of a drug-
drug interaction between mitapivat or a pharmaceutically acceptable salt thereof and the
CYP3A4/5 inhibitor. In certain embodiments, the CYP3A4/5 inhibitor is a strong CYP3A4/5
inhibitor. In certain embodiments, the CYP3A4/5 inhibitor is a moderate CYP3A4/5

inhibitor. In some embodiments, the CYP3A4/5 inhibitor is terminated at least 21 days prior
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to the administration of the effective amount of mitapivat or a pharmaceutically acceptable
salt thereof. In some embodiments, the CYP3A4/5 inhibitor is terminated at least 15 days
prior to the administration of the effective amount of mitapivat or a pharmaceutically
acceptable salt thereof. In some embodiments, the CYP3A4/5 inhibitor is terminated at least
14 days prior to the administration of the effective amount of mitapivat or a pharmaceutically
acceptable salt thereof. In some embodiments, the CYP3A4/5 inhibitor is terminated at least
10 days prior to the administration of the effective amount of mitapivat or a pharmaceutically
acceptable salt thereof. In some embodiments, the CYP3A4/5 inhibitor is terminated at least
7 days prior to thc administration of the cffective amount of mitapivat or a pharmaccutically
acceptable salt thereof. In some embodiments, the CYP3A4/5 inhibitor is terminated at least
5 days prior to the administration of the effective amount of mitapivat or a pharmaceutically
acceptable salt thereof. In some embodiments, the CYP3A4/5 inhibitor is terminated at least
3 days prior to the administration of the effective amount of mitapivat or a pharmaceutically
acceptable salt thereof. In some embodiments, the CYP3A4/5 inhibitor is terminated at least
2 days prior to the administration of the effective amount of mitapivat or a pharmaceutically
acceptable salt thereof. In some embodiments, the CYP3A4/5 inhibitor is terminated at least
1 day prior to the administration of the effective amount of mitapivat or a pharmaceutically

acccptable salt thereof.

[0078] In one embodiment, the present disclosure relates to a method of treating pyruvate
kinase deficiency (PKD) in a subject, comprising administering to the subject an effective
amount of mitapivat or a pharmaceutically acceptable salt thereof in the absence of a p-gp

inhibitor.

[0079] In another embodiment, the present disclosure relates to a method of treating
sickle cell disease in a subject, comprising administering to the subject an effective amount of

mitapivat or a pharmaceutically acceptable salt thereof in the absence of a p-gp inhibitor.

[0080] In yet another embodiment, the present disclosure relates to a method of treating
thalasscmia in a subject, comprising administcring to the subjcct an cffective amount of
mitapivat or a pharmaceutically acceptable salt thereof in the absence of a p-gp inhibitor. In
certain embodiment, the thalassemia is alpha-thalassemia. In certain embodiment, the

thalassemia is beta-thalassemia.
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[0081] In one embodiment, in accordance with the method of any one of the suitable
preceding embodiments, administration of a p-gp inhibitor, if any, is terminated at a sufficient
time interval prior to the administration of the effective amount of mitapivat or a
pharmaceutically acceptable salt thereof such that there is no detectable symptom of a drug-
drug interaction between mitapivat or a pharmaceutically acceptable salt thereof and the p-gp
inhibitor. In certain embodiments, the p-gp inhibitor is a strong p-gp inhibitor (e.g.,
amiodarone, azithromycin, captopril, carvedilol, clarithromycin, conivaptan, cyclosporine,
diltiazem, dronedarone, erythromycin, felodipine, itraconazole, ketoconazole, lopinavir,
ritonavir, quercetin, quinidine, ranolazine ticagrelor, and crapamil). In some cmbodiments,
the p-gp inhibitor inhibitor is terminated at least 21 days prior to the administration of the
effective amount of mitapivat or a pharmaceutically acceptable salt thereof. In some
embodiments, the p-gp inhibitor inhibitor is terminated at least 15 days prior to the
administration of the effective amount of mitapivat or a pharmaceutically acceptable salt
thereof. In some embodiments, the p-gp inhibitor inhibitor is terminated at least 14 days prior
to the administration of the effective amount of mitapivat or a pharmaceutically acceptable
salt thereof. In some embodiments, the p-gp inhibitor inhibitor is terminated at least 10 days
prior to the administration of the effective amount of mitapivat or a pharmaceutically
acceptable salt thercof. In some ecmbodiments, the p-gp inhibitor inhibitor is terminated at
least 7 days prior to the administration of the effective amount of mitapivat or a
pharmaceutically acceptable salt thereof. In some embodiments, the p-gp inhibitor inhibitor is
terminated at least 5 days prior to the administration of the effective amount of mitapivat or a
pharmaceutically acceptable salt thereof. In some embodiments, the p-gp inhibitor inhibitor is
terminated at least 3 days prior to the administration of the effective amount of mitapivat or a
pharmaceutically acceptable salt thereof. In some embodiments, the p-gp inhibitor inhibitor is
terminated at least 2 days prior to the administration of the effective amount of mitapivat or a
pharmaceutically acceptable salt thereof. In some embodiments, the p-gp inhibitor inhibitor is
terminated at least 1 day prior to the administration of the effective amount of mitapivat or a

pharmaceutically acceptable salt thereof.

[0082] In one embodiment, the method of any one of the preceding embodiments
comprises administering to the subject about 1 mg to about 2500 mg, or about 5 mg to 2500
mg, or about 30 mg to 2500 mg, or about 5 mg to about 700 mg, or about 15 mg to about 700
mg, about 5 mg to about 360 mg, about 5 mg to about 300 mg, about 50 mg to about 300 mg,
about 120 mg to about 360 mg, about 120 mg to about 300 mg, about 5 mg to about 120 mg,
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about 5 mg, about 20 mg, about 50 mg, about 100 mg, about 120 mg , about 200 mg, about

300 mg, or about 360 mg of mitapivat or a pharmaceutically acceptable salt thereof.

[0083] In one embodiment, the method of any one of the preceding embodiments
comprises administering (o the subject about 1 mg to about 2500 mg of mitapival or a

pharmaceutically acceptable salt thereof.

[0084] In one embodiment, the method of any one of the preceding embodiments
comprises administering to the subject about about 5 mg to 2500 mg of mitapivat or a

pharmaceutically acceptable salt thereof.

[0085] In one embodiment, the method of any one of the preceding embodiments
compriscs administcring to the subjcct about 5 mg to about 360 mg of mitapivat or a

pharmaceutically acceptable salt thereof.

[0086] In one embodiment, the method of any one of the preceding embodiments
comprises administering to the subject about 5 mg to about 300 mg of mitapivat or a

pharmaceutically acceptable salt thereof.

[0087] In one embodiment, the method of any one of the preceding embodiments
comprises administering to the subject about 50 mg to about 300 mg of mitapivat or a

pharmaceutically acceptable salt thereof.

[0088] In one embodiment, the method of any one of the preceding embodiments
comprises administering to the subject about 5 mg of mitapivat or a pharmaceutically

acceptable salt thereof.

[0089] In one embodiment, the method of any one of the preceding embodiments
comprises administering to the subject about 20 mg of mitapivat or a pharmaceutically

acceplable salt thereol.

[0090] In one embodiment, the method of any one of the preceding embodiments
comprises administering to the subject about 50 mg of mitapivat or a pharmaceutically

acceptable salt thereof.
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[0091] In one embodiment, the method of any one of the preceding embodiments
comprises administering to the subject about 100 mg of mitapivat or a pharmaceutically

acceptable salt thereof.

[0092] In one embodiment, the method of any one of the preceding embodiments
comprises administering to the subject the effective amount of mitapivat or a

pharmaceutically acceptable salt thereof once daily.

[0093] In one embodiment, the method of any one of the preceding embodiments
comprises administering to the subject the effective amount of mitapivat or a

pharmaceutically acceptable salt thereof twice daily.

[0094] In onec embodiment, the mcthod of any onc of the preceding embodiments
comprises administering to the subject a sulfate salt of mitapivat, such as a sulfate salt of

mitapivat having the structural formula depicted in the background of the present disclosure.

[0095] In one embodiment, in the method of any one of the suitable preceding

embodiments, the CYP3A4/5 inducer is a strong inducer of CYP3A4/5.

[0096] In one embodiment, in the method of any one of the suitable preceding

embodiments, the CYP3A4/5 inducer is a moderate inducer of CYP3A4/5.

[0097] In one embodiment, in the method of any one of the suitable preceding

embodiments, the CYP3A4/5 inducer is a mild inducer of CYP3A4/5.

[0098] In one embodiment, in the method of any one of the suitable preceding
embodiments, the inducer of CYP3A4/5 is a strong CYP3A4/5 inducer selected from a group
consisting of apalutamide, enzalutamide, mitotane, phenytoin, efavirenz, nevirapine,
carbamazepine, glucocorticoids, modafinil, oxcarbazepine, phenobarbital, henytoin,

pioglitazone, rifabutin, rifampin, St. John's Wort, and troglitazone.

[0099] In one embodiment, in the method of any one of the suitable preceding
embodiments, the inducer of CYP3A4/5 is a moderate CYP3A4/5 inducer selected from a

group consisting of bosentan, etravirine, phenobarbital, and primidone.
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[00100] In one embodiment, in the method of any one of the suitable preceding
embodiments, the inducer of CYP3A4/5 is a mild CYP3A4/5 inducer selected from a group

consisting of armodafinil, modafinil, and rufinamide.

[00101] In one embodiment, in the method of any one of the suitable preceding
embodiments, the CYP3A4/5 inducer is selected from the group consisting of
aminoglutethimide, bexarotene, bosentan, carbamazepine, dexamethasone, efavirenz,
fosphenytoin, griseofulvin, modafinil, nafcillin, nevirapine, oxcarbazepine, phenobarbital,
phenytoin, primidone, rifabutin, rifampin, rifapentine, St. John's wort, avasimibe, dabrafenib,
mifcpristone, ctravirine, armodafninil, glyccrol phenylbutyrate, asunaprevir, rifunamide,

oritavancin, clobazam, felbamate, eslicarbazepine acetate, and genistein.

[00102] In one embodiment, in the method of any one of the suitable preceding
embodiments, the CYP3A4/5 inducer is rifampin. In one aspect, rifampin is administered to
the subject in the form of a capsule composition. In one aspect, about 0.1-1000 mg ol
rifampin is administered to the subject. In one aspect, about 100-1000 mg of rifampin is

administered to the subject.

[00103] In one embodiment, the method of any one of the suitable preceding embodiments
comprises administering about 600 mg of rifampin to the subject. In one aspect, the method
of any one of the suitable preceding embodiments comprises administering about 600 mg of

rifampin to the subject once daily.

[00104] In one embodiment, in the method of any one of the suitable preceding

embodiments, the inhibitor of CYP3A4/5 is a strong inhibitor of CYP3A4/5.

[00105] In one embodiment, in the method of any one of the suitable preceding

embodiments, the inhibitor of CYP3A4/5 is a moderate inhibitor of CYP3A4/5.

[00106] In one embodiment, in the method of any one of the suitable preceding

embodiments, the inhibitor of CYP3A4/5 is a mild inhibitor of CYP3A4/5.

[00107] In one embodiment, in the method of any one of the suitable preceding
embodiments, the inhibitor of CYP3A4/5 is selected from the group consisting of
toamiodarone, amprenavir, aprepitant, atazanavir, chloramphenicol, clarithromycin,

conivaptan, cyclosporine, darunavir, dasatinib, delavirdine, diltiazem, erythromycin,
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fluconazole, fluoxetine, fluvoxamine, fosamprenavir, imatinib, indinavir, isoniazid,
itraconazole, ketoconazole, lapatinib, miconazole, nefazodone, nelfinavir, posaconazole,
ritonavir, quinupristin, saquinavir, tamoxifen, telithromycin, troleandomycin, verapamil,
voriconazole, grapefruit, Seville oranges, limes, pomelos, fruit juices, and vegetables from

mustard green family.

[00108] In one embodiment, in the method of any one of the suitable preceding
embodiments, the inhibitor of CYP3A4/5 is a strong CYP3A4/5 inhibitor selected from a
group consisting of boceprevir, cobicistat, danoprevir, elvitegravir, ritonavir, grapefruit juice,
indinavir, itraconazole, kctoconazole, lopinavir, paritaprevir, ombitasvir, dasabuvir,
posaconazole, saquinavir, telaprevir, tipranavir, telithromycin, troleandomycin, nelfinavir,

clarithromycin, nefazodone, saquinavir, suboxone, and voriconazole.

[00109] In one embodiment, in the method of any one of the suitable preceding
embodiments, the inhibitor of CYP3A4/5 is a moderate CYP3A4/5 inhibitor selected [rom a
group consisting of aprepitant, ciprofloxacin, conivaptan, crizotinib, cyclosporine, diltiazem,

dronedarone, erythromycin, fluconazole, fluvoxamine, imatinib, tofisopam, and verapamil.

[00110] In one embodiment, in the method of any one of the suitable preceding
embodiments, the inhibitor of CYP3A4/5 is a mild CYP3A4/5 inhibitor selected from a group
consisting of chlorzoxazone, cilostazol, cimetidine, clotrimazole, fosaprepitant, istradefylline,

ivacaftor, lomitapide, ranitidine, ranolazine, ticagrelor.

[00111] As used herein, the terms “weak inhibitor” and ‘mild inhibitor” are used

interchangeably.

[00112] As used herein, the terms “weak inducer” and ‘mild inducer” are used

interchangeably.

[00113] In one embodiment, in the method of any one of the suitable preceding
embodiments, the inhibitor of CYP3A4/5 is itraconazole. In one aspect, about 0.1-1000 mg of
itraconazole is administered to the subject. In one aspect, itraconazole is administered in the
form of an oral solution. In one aspect, about 50-500 mg of itraconazole is administered to

the subjecct.
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[00114] In one embodiment, the method of any one of the suitable preceding embodiments
comprises administering about 200 mg of itraconazole to the subject. In one aspect, about
0.1-1000 mg of itraconazole is administered to the subject. In one aspect, about 50-500 mg of
itraconazole is administered to the subject. In one aspect, about 200 mg of itraconazole is
administered to the subject. In one aspect, about 200 mg of itraconazole is administered to the
subject once daily. In one aspect, about 100 mg of itraconazole is administered to the subject.
In one aspect, about 100 mg of itraconazole is administered to the subject once daily. In one

aspect, itraconazole is administered in the form of an oral solution.

Diseases, Disorders and Conditions

[00115] Pyruvate kinase deficiency (PKD) is a glycolytic enzymopathy that results in life-
long hemolytic anemia. In certain embodiments, the subject having PKD is a patient having
at least 2 mutant alleles in PKLR gene. In certain embodiments, the subject having PKD is a
patent having at least 2 mutant alleles in PKLLR gene and at least one is a missense mutation.
See Canu. et al., Blood Cells, Molecules and Diseases 2016, 57, pp. 100-109. In certain
embodiments, a subject having PKD has an Hb concentration less than or equal to 10.0 g/dL.
In certain embodiments, the subject having PKD is an adult not under regular transfusion
(e.g.. having had no more than 4 transfusion episodes in the 12-month period up to the
treatment). In certain embodiments, the subject having PKD is an adult transfusion
independent (e.g., having no more than 3 units of RBCs transfused in the 12-month period
prior to the treatment). In certain embodiments, the subject having PKD is an adult under
regular transfusion (e.g., having had at least 4 transfusion episodes (e.g., at least 6 transfusion
episodes) in the 12-month period prior to the treatment). In certain embodiments, the subject
having PKD has a total number of at least 5 transfusion episodes during the subject’s lifetime.
In certain embodiments, the subject having PKD has a total number of at least 10 transfusion
episodes during the subject’s lifetime. In certain embodiments, the subject having PKD has a
total number of at least 15 transfusion episodes during the subject’s lifetime. In certain
cmbodiments, the subject having PKD has a total number of at Icast 20 transfusion cpisodcs
during the subject’s lifetime. In certain embodiments, the subject having PKD has a total
number of at least 25 transfusion episodes during the subject’s lifetime. In certain
embodiments, the subject having PKD has a total number of at least 30 transfusion episodes
during the subject’s lifetime. In certain embodiments, the subject having PKD has a total

number of at least 40 transfusion episodes during the subject’s lifetime. In certain
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embodiments, the subject having PKD has a total number of at least 50 transfusion episodes
during the subject’s lifetime. In certain embodiments, the subject having PKD has a total
number of at least 60 transfusion episodes during the subject’s lifetime. In certain
embodiments, the subject having PKD has a total number of at least 70 transfusion episodes
during the subject’s lifetime. In certain embodiments, the subject having PKD is not
homozygous for the R479H mutation or does not have 2 non-missense mutations in the
PKLR gene. In certain embodiments, the subject having PKD, under regular transfusion, has
hemoglobin (Hb) <12.0 g/dL (if male) or <11.0 g/dL (if female), prior to the treatment. In
ccrtain cmbodiments, the subject having PKD, under regular transfusion, has transfusion
occurring on average less than or equal to once every three weeks. In certain embodiments,
the subject having PKD has received at least 0.8 mg (e.g., at least 1.0 mg)folic acid daily
(e.g., for at least 21 days) prior to the treatment. In certain embodiments, the subject with
PKD under regular transfusion achieves a reduction in transfusion burden (e.g., at least 33%
reduction in the number of RBC units transfused) during the 5 weeks, 10 weeks, 15 weeks,
20 weeks, or 24 weeks, 28 weeks, or 32 weeks of treatment. In certain embodiments, the
subject having PKD, not under regular transfusion (having had no more than 4 transfusion
episodes in the 12-month period prior to the treatment and/or no transfusion in the 3 months
prior to the trcatment), has hemoglobin (Hb) <10.0 g/dL regardlcss of gendcr prior to the
treatment. In certain embodiments, the subject having PKD has undergone splenectomy. In
certain embodiment, the subject having PKD is a child 18 years old or younger. In certain

embodiments, the child is transfusion dependent.

[00116] Exemplified conditions related to PKD include, but are not limited (o, anemias,
cholecystolithiasis, gallstones, tachycardia, hemochromatosis, icteric sclera, splenomegaly,
leg ulcers, jaundice, fatigue, and shortness of breath. As described herein, PKD is a
deficiency of PKR. In certain embodiments, the deficiency of PKR is associated with a PKR

mutation.

[00117] In ccrtain cmbodiments, the subject with PKD achicves a hemoglobin responsc of
at least 1.0 g/dL increase in Hb concentration after the treatment compared to the baseline of
prior to the treatment. In certain embodiments, the subject with PKD achieves a hemoglobin
response of at least 1.5 g/dL increase in Hb concentration from baseline prior to the
treatment. In certain embodiments, the subject with PKD achieves a hemoglobin response of

at least 2.0 g/dL increase in Hb concentration from baseline prior to the treatment.

41

MEI1 45456854 v.1

Ex. 2001-1374



	2022-07-18  Office Action
	2022-07-18  Non-Final Rejection
	2022-07-18  List of references cited by examiner
	2022-07-18  List of References cited by applicant and considered by examiner

	2022-10-10  USPTO Communication Re: Change of Address
	2022-11-18  Amendment
	2022-11-18  Amendment/Req. Reconsideration-After Non-Final Rejection
	2022-11-18  Extension of Time
	2022-11-18  Claims
	2022-11-18  Applicant Arguments/Remarks Made in an Amendment

	2023-02-07  Office Action
	2023-02-07  Final Rejection
	2023-02-07  List of references cited by examiner

	2023-04-07  Amendment
	2023-04-07  Amendment After Final or under 37CFR 1.312 initialed by the examiner
	2023-04-07  Claims
	2023-04-07  Applicant Arguments/Remarks Made in an Amendment

	2023-04-18  Examiner Interview Summary Record (PTOL - 413)
	2023-05-03  Notice of Allowance
	2023-05-03  Notice of Allowability (PTO-37)
	2023-05-03  Examiner's Amendment Communication 
	2023-05-03  Notice of Allowance and Fees Due (PTOL-85)
	2023-05-03  Determination of Patent Term Adjustment

	2023-08-02  Issue Fee Payment (PTO-85B)
	2023-08-02  Amendment
	2023-08-02  Substitute Specification




