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Bone mineral density in adult patients with pyruvate

kinase deficiency on long-term mitapivat treatment

Pyruvate kinase (PK) deficiency is a rare, hereditary, chronic
hemolytic anemia that is associated with serious com-
plications including reduced bone mineral density (BMD).
A recent study revealed that low BMD is highly prevalent
in patients with PK deficiency pretreatment. Here, we
report the first large-cohort analysis to systematically
evaluate BMD over time in patients with PK deficiency
receiving long-term mitapivat treatment, using data from
clinical studies (clinicaltrials gov. Identifiers: NCT02476916,
NCT03548220, NCT03559699, NCT03853798). In our anal-
ysis, BMD remained stable or improved in the majority
of patients for up to 5.9 years, regardless of age. Given
our findings, mitapivat may halt bone loss by decreasing
hemolysis, improving erythropoiesis, and stabilizing iron
homeostasis in patients with PK deficiency.

PK deficiency is caused by mutations in the PKLR gene encod-
ing the red blood cell (RBC)-specific form of the PK enzyme!
This results in impaired glycolysis, leading to reduced RBC
membrane integrity and premature RBC destruction,? causing
multiple complications including iron overload, jaundice, and
pulmonary hypertension.? PK deficiency is also associated
with increased risk of reduced BMD, leading to early onset
osteopenia and osteoporosis, and bone fractures.® The rate
of osteoporosis was significantly higher among patients with
PK deficiency (n=122) than 1,220 age- and sex-matched in-
dividuals in the general population (15.6% vs. 0.0%, respec-
tively).* Systematic dual-energy X-ray absorptiometry (DXA)
scanning in a large, pooled-cohort analysis (159 adults) of
phase Il and Il clinical trials of mitapivat treatment in pa-
tients with PK deficiency revealed that 43.3% had low or
very low BMD at baseline, indicating that decreased BMD
is highly prevalent in these patients, occurring to a greater
extent than previously reported.®

Although the mechanisms leading to reduced BMD in PK
deficiency are not well understood, they may include wid-
ening of marrow spaces due to erythroid hyperplasia, iron
overload and its treatment, endocrine disruption, and ge-
netic factors.®”’

Mitapivat is a first-in-class, oral allosteric activator of PK,
approved by the Food and Drug Administration for the
treatment of hemolytic anemia in adults with PK deficiency®
and by the European Medicines Agency for the treatment
of adults with PK deficiency.® Mitapivat has been shown to
improve anemia, hemolysis, and erythropoiesis, and de-
crease transfusion burden.®" Although mitapivat has mild
aromatase inhibition effects that could potentially affect
BMD,? it may positively influence BMD by reducing ineffec-
tive erythropoiesis.® This highlights the need to assess the
impact of long-term mitapivat treatment on BMD.

We report BMD over time in patients (218 years old) with
PK deficiency receiving long-term mitapivat (>12 months),
using pooled data from the phase || DRIVE-PK™ (clinicaltri-
als gov. Identifier: NCT02476916) study, phase IIl ACTIVATE™
(clinicaltrials gov. Identifier: NCT03548220) and ACTIVATE-T"
(clinicaltrials gov. Identifier: NCT03559699) studies, and
long-term extension (LTE) study (clinicaltrials gov. Identifier:
NCT03853798) (Online Supplementary Figure ST).

Baseline DXA scans were taken at screening for ACTIVATE and
ACTIVATE-T, and at screening or up to 3 months before the first
dose for DRIVE-PK. DXA scans were performed every 24 weeks
during mitapivat and performed locally for all three studies.
Interpretation of scans was conducted locally for DRIVE-PK
and centrally for ACTIVATE, ACTIVATE-T, and the LTE.
T-scores and Z-scores, derived from DXA scans at three
body locations (total hip, total lumbar spine, and femoral
neck [DRIVE-PK]; and total femur [combined neck and total
hip], femoral neck, and spine [ACTIVATE and ACTIVATE-T]),
were used to classify patients into BMD categories accord-
ing to standard definitions. T-scores are used to diagnose
osteopenia and osteoporosis in men aged =50 years and
women of non-childbearing potential by comparing BMD
with that of an average healthy 30-year-old. Z-scores are
used in men aged <50 years and women of childbearing
potential and compare BMD with that of a person of the
same age and sex. Mean changes from baseline in worst
DXA T- and Z-scores to last assessment were assessed
for patients receiving osteoporosis medications (started
before or after the first dose of mitapivat), and those who
did not receive these medications. Overall mean change in
BMD over time was evaluated by assessing changes in DXA
T- and Z-scores by each of the three body locations from
baseline to last available assessment during treatment
with mitapivat.

Patients with T-scores 2-1.0 at all scan locations were
categorized as having normal BMD, those with scores <-1.0
to >-2.5 at 21 location as having low BMD/osteopenia, and
those with scores <-2.5 at 21 location as having very low
BMD/osteoporosis; Z-scores of <-2.0 indicated low BMD;
Z-scores >-2.0 indicated normal BMD (Figure 1)."

DXA scans from the last available time point were compared
with baseline scans to determine if a patient’s baseline
DXA score had worsened (decreased from =-1.0 to <-1.0 or
>-2.5 to <£-2.5 [T-score] or from >-2.0 to <£-2.0 [Z-score]),
remained stable (stayed in the same T- or Z-score range as
at baseline), or improved (increased from <-2.5 to >-2.5 or
<-1.0 to =2-1.0 [T-score] or from <£-2.0 to >-2.0 [Z-score])
while on mitapivat. Proportions of patients with improved,
stable, or worsened BMD who received long-term mitapivat
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were calculated. At baseline and last assessment, worst
DXA T- or Z-score was defined as the worst score across
the three specified anatomic locations. All findings are
summarized descriptively by age and childbearing status.
Of 159 patients enrolled in the clinical studies, 107 received
long-term mitapivat (>12 months). Overall, median duration
of mitapivat treatment was 22.5 months (range, 12.3-70.7).
Overall, 27.1% of patients (n=29) were men aged 250 years
or women of non-childbearing potential and 72.9% (n=78)
were men aged <50 years or women of childbearing po-
tential. Median patient age was 36.0 years (range, 18-78);
patient demographics and baseline characteristics are

*  BMD was measured using DXA scans of total
femur (combined neck and total hip), femoral
neck, and spine locations

» Scans were collected

* DRIVE-PK: At BL, every 6 months
through Month 30, and then annually

» ACTIVATE: At BL and Week 24

« ACTIVATE-T: At BL, Week 16, and
Week 40

e LTE study: At BL, every 24 weeks
through to Week 96, then every
48 weeks

» Scans were obtained locally for
all studies and interpreted locally for
DRIVE-PK, and centrally for ACTIVATE,
ACTIVATE-T, and the LTE

shown in Online Supplementary Table S1.

BMD DXA T- and Z-scores were stable for up to 5.9 years
in the majority of patients in this analysis, regardless of
age (Figure 2).

At last BMD assessment (data cutoff August 28, 2021 for
DRIVE-PK and September 12, 2021 for ACTIVATE and AC-
TIVATE-T), the majority of patients remained within the
same BMD category for worst DXA T-score or DXA Z-score
as at baseline (Table 1). Overall, five of five patients with
normal baseline DXA T-scores (=-1.0) remained stable at
last assessment with no worsening of BMD. Among 17 pa-
tients with baseline T-scores of >-2.5 to <-1.0 (osteopenia),

T-score Z-score
0.0 0.0
Normal BMD Normal BMD
(2-1.0) (>-2.0)
-1.0
Osteopenia
(<-1.0 to >-2.5)
-2.0
-2.5 Low BMD
Osteoporosis (=-2.0)

(5-2.5)

Figure 1. Dual-energy X-ray absorptiometry T- and Z-score assessments and classifications. BMD: bone mineral density; DXA: dual-energy

X-ray absorptiometry; BL: baseline; LTE: long-term extension.

Table 1. Shift of worst DXA T-score category (in men aged 250 years and women of non-childbearing potential treated with mi-
tapivat for >12 months [N=29]""") and shift of worst DXA Z-score category (in men aged <50 years and women of childbearing
potential treated with mitapivat for >12 months [N=77]") across body locations from baseline to the last assessment in a pooled

analysis”™ of patients.

Baseline

T-score at last assessment
N (%)

Prior catesory® Patients Normal BMD Osteopenia Osteoporosis

gory N (%) >-1.0 >-2.5 to <-1.0 <-2.5
Normal BMD =>-1.0 5(17.2) 5(17.2)° 0* o*
Osteopenia >-2.5 to <-1.0 17 (58.6) 2 (6.9)1 12 (41.4)° 3 (10.3)*
Osteoporosis <-2.5 6 (20.7) of of 6 (20.7)°
Baseline Z-score at last assessment

N (%)

Prior categorv* Patients Normal BMD Low BMD

gory N (%) >-2.0 <-2.0
Normal BMD >-2.0 51 (66.2) 46 (59.7)° 5 (6.5)*
Low BMD =-2.0 26 (33.8) 5 (6.5)f 21 (27.3)°

“Safety analysis set: patients who received mitapivat for >12 months (365 days); only patients with evaluable post-BL DXA T/Z-scores
(as relevant) are included in the analysis. ""BL DXA T-score was missing for 1 patient. fimproved; °stable; *worsened. BSL: baseline; BMD:

bone mineral density; DXA: dual-energy X-ray absorptiometry.
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T-scores improved (indicating normal BMD) in two patients
at last assessment; remained stable in 12; and worsened
in three. All six patients with baseline T-scores of <-2.5
(osteoporosis) remained in this DXA T-score category at
last assessment (Table 1).

Among 51 patients with normal baseline DXA Z-scores of
>-2.0, Z-scores remained stable in 46 at last assessment
and worsened in five. Of 26 patients with baseline Z-scores
<-2.0 (low BMD), Z-scores improved in five and remained
stable in 21 (Table 1).

Mean (standard deviation) changes in DXA T- and Z-scores
from baseline to last assessment during treatment by
body location are shown in Online Supplementary Table
S2. Change from baseline in worst DXA T- and Z-scores
by baseline BMD category to last assessment is shown
in Online Supplementary Table S2. Ten patients (9.3%)
received anti-osteoporosis medications during mitapivat
treatment. The mean changes from baseline in worst DXA

4 - B Improved I Stable

T- and Z-scores at the last assessment for patients re-
ceiving these medications and those who did not receive
them were similar (Online Supplementary Table S2).

In summary, this pooled analysis showed that BMD re-
mained stable or improved in the majority of patients with
PK deficiency treated with long-term mitapivat for up to
5.9 years.

Limitations of this analysis include the lack of formal
studies defining the optimal diagnostic methods for os-
teopenia and osteoporosis in patients with PK deficiency.
Therefore, this analysis adhered to conventions broadly
used in other populations (e.g., thalassemia). In addition,
DXA scans for the DRIVE-PK study™ were not read centrally
so could be subject to inter-rater variability. Potential bias
may result from the worst T- or Z-score analysis, which
may not fully reflect the largest magnitude of change.
Another limitation was that concomitant medication was
not assessed over time, so potential contributory effects

[ Worsened

Normal BMD

Figure 2. Individual longitudinal plots
of worst dual-energy X-ray absorptiom-
etry (DXA) T-score and worst DXA
Z-score across body locations. (A) Worst
DXA T-score across body locations in a

Osteoporosis
pooled analysis” of patients (men aged

144 168 192

Week

120

Worst T-Score (Spine, Femoral Neck, Femoral Total)
o

B Stable

216

I Worsened

>50 years and women of non-childbear-
ing potential) treated with mitapivat for
>12 months (N=29)™"*** and (B) worst
DXA Z-score across body locations in a
pooled analysis” of patients (men aged
<50 years and women of childbearing
potential) treated with mitapivat for >12
months (N=77).%"" *Data pooled from
DRIVE-PK (clinicaltrials gov. Identifier:
NCT02476916), ACTIVATE (clinicaltrials
gov. Identifier: NCT03548220), ACTI-
VATE-T (clinicaltrials gov. Identifier:
NCT03559699), and the LTE (clinicaltri-

240 264 288

als gov. Identifier: NCT03853798) studies.
Normal BMD g )

“Safety analysis set: patients who re-
ceived mitapivat for >12 months (365

days); only patients with evaluable post-

baseline (BL) DXA T- and Z-scores are

included in the analysis. **BL DXA
T-score was missing for 1 patient.
Lo BLIL “**Some patients have up to 12 months
of mitapivat treatment but do not have
DXA records beyond 24 weeks. BMD:

144 168 192

Week

Worst Z-Score (Spine, Femoral Neck, Femoral Total)

216

bone mineral density; LTE: long-term
extension; DXA: dual-energy X-ray ab-
sorptiometry.
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on BMD are unknown. Finally, while patients were treated
and followed up for up to 5 years, most were treated for
a shorter period, and progression of BMD abnormalities
usually occurs over years in the general population and in
patients with thalassemia syndromes.®® While the stability
observed here suggests against any major negative impact
of potential mitapivat-associated aromatase inhibition on
BMD, this needs to be further investigated over a longer
time period. BMD will continue to be monitored as part of
the ongoing LTE study of mitapivat in adult patients with
PK deficiency and is being assessed in two ongoing studies
in children (<18 years) with PK deficiency (clinicaltrials gov.
Identifier: NCT05175105, NCT05144256).

Given the low baseline BMD in patients with PK deficiency,
it is hypothesized that mitapivat may halt bone loss through
its mechanism of action by decreasing hemolysis, improving
erythropoiesis, and stabilizing iron homeostasis. In support
of this mechanism, findings from a study in patients with
a- or f-non-transfusion-dependent thalassemia receiving
mitapivat have also shown that BMD remains stable over
time through 84 weeks.” BMD will continue to be moni-
tored as part of the ongoing LTE study of mitapivat in adult
patients with PK deficiency and is being assessed in two
ongoing studies in children (<18 years) with PK deficiency
(clinicaltrials gov. Identifier: NCT05175105, NCT05144256).
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