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Background: Pyruvate kinase (PK) deficiency is a rare, hereditary hemolytic anemia caused by a single gene 

defect encoding the red blood cell (RBC)-specific form of PK. This condition is associated with acute and long-

term complications, as well as a spectrum of signs and symptoms including jaundice, fatigue, and dyspnea, 

that have a profound, wide-ranging impact on health-related quality of life (HRQoL). Patients (pts) report 

physical limitations, negatively impacted social functioning, reduced self-esteem, and concerns for the future. 

Mitapivat, a first-in-class, oral, allosteric activator of PK, has demonstrated improvement in hemoglobin, 

hemolysis, and transfusion burden in pts with PK deficiency, and is approved by the US Food and Drug 

Administration for the treatment of hemolytic anemia in adults with PK deficiency. In addition, improvements in 

patient-reported outcomes (PROs) (measured by disease-specific PRO instruments: the PK deficiency diary 

[PKDD] and the PK deficiency impact assessment [PKDIA]) were observed in two global, phase 3 clinicals trials 

among adults with PK deficiency treated with mitapivat who were not regularly (ACTIVATE; NCT03548220) or 

regularly transfused (ACTIVATE-T; NCT03559699). Here, we describe PKDD and PKDIA outcomes up to Week 



(Wk) 84 of the long-term extension (LTE) study (NCT03853798) of mitapivat in pts with PK deficiency 

previously enrolled in ACTIVATE and ACTIVATE-T. 

Methods: In the placebo (PBO)-controlled ACTIVATE trial, pts were randomized 1:1 to receive mitapivat 

(5/20/50 mg twice daily) or PBO for 24 wks. In the open-label, single-arm ACTIVATE-T trial, pts were treated 

with mitapivat for 40 wks. Pts who completed either trial were eligible to continue in the LTE, where all pts 

received mitapivat. Pts from ACTIVATE were categorized into either the mitapivat-to-mitapivat arm (M/M) or 

the PBO-to-mitapivat arm (P/M). Pts from ACTIVATE-T continued to receive mitapivat (M). Two PK deficiency-

specific PRO instruments were used: the PKDD is a 7-item measure of the core signs and symptoms of PK 

deficiency, and the PKDIA is a 14-item measure of the impacts of PK deficiency on pts' HRQoL. In the 

ACTIVATE/LTE and ACTIVATE-T/LTE analyses, changes from baseline (BL; defined as the last complete 

assessment before start of study treatment in ACTIVATE/ACTIVATE-T) in PKDD and PKDIA mean scores were 

assessed at scheduled visits up to Wk 84 of the LTE for each of the 3 treatment arms. For both PRO 

instruments, a lower score represents a lower disease burden, and the minimal clinically important change is 

defined as a reduction of 4.2 and 5.5 in PKDD and PKDIA scores, respectively. Changes in PKDD and PKDIA 

scores were summarized descriptively using mean and SD. 

Results: In total, 80 pts were included in the ACTIVATE/LTE analysis (M/M=40; P/M=40) and 27 pts were 

included in the ACTIVATE-T/LTE analysis. At Wk 84 of the LTE study (ie, Wk 108 for ACTIVATE pts; Wk 124 for 

ACTIVATE-T pts), mean (SD) change from BL in PKDD score was ‒7.19 (6.740) for M/M pts, ‒4.58 (5.758) for 

P/M pts, and ‒3.94 (14.087) for M pts; mean (SD) change from BL in PKDIA score was ‒6.3 (7.12) for M/M pts, 

‒6.3 (9.09) for P/M pts, and ‒11.5 (11.53) for M pts. Notably, P/M pts experienced improvements in PKDD and 

PKDIA mean scores after starting mitapivat in the LTE that were consistent with initial improvements seen in 

the mitapivat-treated group in the ACTIVATE trial. Across both PRO instruments, improvements among 

mitapivat-treated pts were sustained over time in the LTE (Figures 1A and 1B). 

Conclusions: Treatment with mitapivat was associated with long-term, durable, and clinically meaningful 

improvements in signs, symptoms, and functional impacts based on disease-specific PRO instruments, 

irrespective of transfusion status. These results suggest that by improving HRQoL, treatment with mitapivat 



may provide meaningful pt-centric benefits. 
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Background: Pyruvate kinase (PK) deficiency is a rare hereditary disease resulting in chronic hemolytic anemia. 

Iron overload is highly prevalent in patients (pts) with PK deficiency regardless of transfusion requirements, 

suggesting dyserythropoietic features. Iron overload can lead to serious complications including liver cirrhosis, 

cardiomyopathy, arrhythmia, sudden cardiac death, and endocrine dysfunction. In pts with PK deficiency, 

ineffective erythropoiesis combined with chronic hemolysis contributes to the manifestation of iron overload. 

Increased erythropoietic drive leading to erythroferrone-induced hepcidin suppression results in increased iron 

absorption and abnormal iron metabolism in PK deficiency. Furthermore, transfusions increase the existing 

burden of iron overload in PK deficiency. Mitapivat (AG-348) is a first-in-class, oral, allosteric activator of the 

red blood cell wildtype and mutant PK enzyme (PKR) that is approved by the US Food and Drug Administration 

for the treatment of hemolytic anemia in adults with PK deficiency, which has been shown to improve 

ineffective erythropoiesis and hemolysis. Previously reported data from ACTIVATE (NCT03548220) and its 

long-term extension (LTE) study (NCT03853798) also showed that treatment with mitapivat improved markers 

of iron homeostasis in adults with PK deficiency (up to 72 weeks [wks]). Here, we provide longer-term data 

from the LTE study on the impact of mitapivat on iron homeostasis and iron overload, and also assess liver 

iron concentration (LIC) changes in pts with iron overload at baseline (BL). 

Methods: In ACTIVATE (double-blind, placebo [PBO]-controlled study), pts with PK deficiency who were not 

regularly transfused were randomized 1:1 to receive mitapivat or PBO. Pts who had demonstrated clinical 

benefit from mitapivat on completion of the fixed-dose period for ACTIVATE (24 wks), or who were assigned to 

the PBO arm in ACTIVATE, were eligible to continue in the LTE. All pts enrolled in the LTE received mitapivat. 

Pts from ACTIVATE who continued in the LTE were categorized into the mitapivat-to-mitapivat arm (M/M) or 

PBO-to-mitapivat arm (P/M). The ACTIVATE/LTE analysis assessed changes from BL over time (up to 96 wks), 

for both study arms, in markers related to iron homeostasis and overload, including erythroferrone, soluble 

transferrin receptor (sTfR), hepcidin, and LIC by magnetic resonance imaging. LIC changes over time in pts 

with evidence of iron overload at BL, were also assessed; pts were considered to have iron overload at BL if 

they met at least 1 of 3 criteria: BL ferritin >1000 mg/L, BL average LIC >3 mg Fe/g dry weight (dw), or chelation 

therapy within the last year before study start. For this calculation, BL was defined as the last assessment 

before start of treatment with mitapivat, and LIC data from pts in the M/M arm were pooled together with data 

from pts in the P/M arm and summarized over the time they were treated with mitapivat. 

Results: 80 pts were included in the ACTIVATE/LTE analysis (M/M=40; P/M=40). Meaningful improvements in 

hepcidin, erythroferrone, sTfR, and LIC values were observed with mitapivat treatment previously; here, we 



confirm these meaningful improvements are continued up to 96 wks (Table). These measurements were 

improved early-on, within 24 wks of starting treatment in the M/M arm but remained relatively unchanged in the 

P/M arm while on PBO. Similar improvements to the M/M arm were seen in the P/M arm after switching to 

mitapivat in the LTE. Among pts treated with mitapivat (N=78), 55.1% (n=43) met the criteria for iron overload 

at BL. These pts showed clinically meaningful and continued improvements in iron overload over time as 

measured by LIC (median [Q1, Q3] decrease from BL to Wk 96 of mitapivat treatment of –1.95 [–4.85, –0.70] 

mg Fe/g dw) (Figure). 

Conclusions: Activation of PKR with mitapivat was associated with meaningful long-term improvements in iron 

homeostasis and overload. Mitapivat is the first disease-modifying pharmacotherapy shown to have beneficial 

effects on iron overload in pts with PK deficiency. 
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Background: Pyruvate kinase (PK) deficiency is a rare hemolytic anemia caused by mutations in the PKLR gene. 

PK deficiency and its management are associated with a wide spectrum of complications. Data indicate there 

is a high disease burden in pediatric patients (pts) with this condition; the full breadth of clinical presentations 

and complications has yet to be fully characterized. 

Aim: To further describe the comorbidities and complications experienced by pediatric pts with PK deficiency 

in the Peak Registry (NCT03481738). 

Methods: The Peak Registry is an ongoing, global, retrospective, and prospective observational study of pts 

with a genetically confirmed diagnosis of PK deficiency. This analysis included pediatric pts (<18 years [yrs]) 

with available age and classifiable PKLR genotype data as of 01Dec2021. Pts were grouped into cohorts by age 

at enrollment and genotype (missense/missense [M/M]; missense/non-missense [M/NM]; non-missense/non-

missense [NM/NM]). NM mutations include nonsense, frameshift, and splicing variants. Demographic data, 

laboratory values, and medical history inclusive of comorbidities and complications were described for all pts 

with available data. Continuous variables were summarized using mean, SD, median, and range. Categorical 

variables were summarized by number and percent of pts within a category. 

Results: Among 81 pediatric pts, mean age at enrollment was 7.0 yrs (SD: 4.7) and there were 34 (42%) pts 

aged <6 yrs, 30 (37%) pts aged 6–<12 yrs, and 17 (21%) pts aged 12–<18 yrs. Most pts had ≥1 missense 

mutation (43 [53%] M/M, 28 [35%] M/NM, and 10 [12%] NM/NM). At enrollment, median hemoglobin in the 

M/M, M/NM, and NM/NM cohorts was 8.9 g/dL (range: 6.2–12.3), 8.5 g/dL (5.8–11.5), and 7.5 g/dL (7.1–8.3), 

respectively (Table). 



The most common physical exam findings as neonates were neonatal jaundice (69%), hepatomegaly (20%), 

and splenomegaly (33%). Prenatal/neonatal complications occurred in most pts (85%), including preterm 

delivery (14%), pulmonary hypertension (7%), hepatopathy/hepatic failure (7%), skin extramedullary 

hematopoiesis (4%), coronary artery disease (3%), in utero growth retardation (3%), and hydrops fetalis (1%). 

Prenatal/neonatal management was required in 67% of pts, including phototherapy (52%) and exchange 

transfusion (24%). Abnormal lab findings in neonates were common: anemia (59%), thrombocytopenia (19%), 

and hyperferritinemia (7%). 

The majority of pts (91%) had received ≥1 transfusion prior to or at enrollment. In the 12 months prior to 

enrollment, 23/70 (33%) had received regular transfusions (≥6 transfusions in that period) with younger pts 

more often receiving regular transfusions (16/31 [52%] pts aged <6 yrs, 5/27 [19%] pts aged 6–<12 yrs, and 

2/12 [17%] pts aged 12–<18 yrs). Only 7/79 (9%) pts had never received a transfusion (3 M/M and 4 M/NM). 

Most pts had a history of iron overload, regardless of age (<6 yrs: 44%; 6–<12 yrs: 66%; 12–<18 yrs: 71%) or 

genotype (M/M: 51%; M/NM: 52%; NM/NM: 100%). Overall, 44/80 (55%) pts had received chelation therapy, 

including 41% of pts <6 yrs. Specifically, 51%, 44%, and 100% of pts with M/M, M/NM, and NM/NM genotypes, 

respectively, had received chelation. 

Twenty-seven of 80 (34%) pts had undergone splenectomy. Prevalence increased with age (<6 yrs: 0%; 6–<12 

yrs: 48%; 12–<18 yrs: 77%) and varied by genotype (M/M: 28%; M/NM: 33%; NM/NM: 60%). Post-splenectomy 

infections with encapsulated bacteria were common (17%). 

Liver complications, including fatty liver, cirrhosis, and hepatomegaly, occurred in 32% of pts and were 

common across age and genotype subgroups. Other notable complications were biliary events (21%), 

extramedullary hematopoiesis (12%), and cardiac complications (7%) such as pulmonary hypertension (4%). 

Overall, 10% of pts reported mental health issues including depression and anxiety. 

Conclusions: Pediatric pts with PK deficiency experience a wide range of comorbidities and complications, 

even at an early age and regardless of genotype. Neonates have varied presentations and complications (eg, 

hyperferritinemia, thrombocytopenia, pulmonary hypertension) that may be difficult to recognize as PK 

deficiency, potentially leading to initial misdiagnosis and unnecessary treatments. Clinicians should consider 

PK deficiency in these cases and be aware of all its early manifestations to ensure pts receive appropriate 



diagnosis, monitoring, and management. 
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Background: Pyruvate kinase (PK) deficiency is a rare hereditary chronic hemolytic anemia caused 

by PKLR gene mutations. Clinical management includes regular red blood cell (RBC) transfusions; some 

children require splenectomy, which carries a risk of sepsis and thrombosis. PK deficiency is associated with 

serious complications, regardless of transfusion status. There are no approved pharmacotherapies in children 

and there is a global unmet need for therapies targeting the underlying cause of hemolysis. Mitapivat (AG-348), 

an oral, allosteric activator of the RBC PK enzyme, was approved by the US Food and Drug Administration for 

the treatment of hemolytic anemia in adults with PK deficiency. In the ACTIVATE-T (NCT03559699) phase 3, 

open-label study, mitapivat demonstrated significant reduction in transfusion burden in adults with PK 

deficiency who are regularly transfused; 37% achieved a transfusion reduction response and 22% achieved a 

durable transfusion-free status that was maintained in the long-term extension study (NCT03853798). Safety 

and efficacy data support the evaluation of mitapivat in children with PK deficiency who are regularly 



transfused. Here, we report the design of the phase 3 ACTIVATE-KidsT study (NCT05144256), which will 

evaluate the efficacy and safety of mitapivat in children with PK deficiency who are regularly transfused. 

Methods: ACTIVATE-KidsT, a phase 3, global, multicenter, double-blind, placebo-controlled study, will stratify 45 

children by age and splenectomy status. A minimum of 6 patients per age group (1–<6, 6–<12, and 12–<18 

years) will be randomized (2:1) to receive mitapivat or placebo (Figure). The double-blind portion includes an 8-

week (wk) dose titration period and a 24-wk fixed-dose period; a 5-year open-label extension (OLE) will follow. 

Study drug will be administered orally (as granules taken with food or tablets swallowed whole) at a dose of 1–

50 mg twice daily, depending on age and weight. Pediatric dosing is based on pharmacokinetic modeling and 

simulation such that, within each age and weight category, the proposed dose provides exposure similar to that 

in adults at the same dose level. To gradually increase hemoglobin levels, study drug dose level will be 

sequentially increased during the dose titration period, with dose level increases occurring approximately every 

4 wks. Key inclusion criteria include: ≥2 mutant PKLR alleles with ≥1 missense mutation; ≥6 transfusion 

episodes in the past year. Key exclusion criteria include: R479H homozygosity; presence of 2 non-missense 

mutations in PKLR without a missense mutation; or prior stem cell transplantation. The primary endpoint is 

transfusion reduction response (TRR), defined as ≥33% reduction in transfusion volume during the fixed-dose 

period normalized by weight and actual study drug duration, compared with historical transfusion volume 

standardized by weight and to 24 wks. Secondary endpoints will assess the effect of mitapivat on transfusion-

free status, iron metabolism and overload, safety, quality of life, and pharmacokinetics. With a planned sample 

size of 45 randomized patients (mitapivat, N=30; placebo, N=15), and assuming a TRR rate of 35% for mitapivat 

and 5% for placebo, there will be >80% probability that the lower bound of the 95% credible interval for the odds 

ratio of TRR rate (mitapivat vs placebo), based on the Bayesian logistic regression model with weight ≥0.1 of a 

robust prior, will be >1. Analysis of the primary endpoint, TRR, will use a Bayesian logistic regression model, 

including TRR status (yes, no), as the dependent variable and treatment arm as the independent variable, 

adjusting for splenectomy status. Patients completing the double-blind period will be eligible to receive 

mitapivat for up to 5 years in an OLE period. During the OLE, all patients will receive mitapivat. 

Results: Global site recruitment is in progress, with a total of 27 sites planned in Czech Republic, Denmark, 

Germany, Italy, Netherlands, Spain, Switzerland, Turkey, United Kingdom, and United States. Patient enrollment 

has also begun, with the first patient enrolled in July 2022. 

Conclusion: The ACTIVATE-KidsT study of children with PK deficiency who are regularly transfused will 

evaluate the efficacy and safety of mitapivat, a potential disease modifying pharmacotherapy that targets the 



underlying enzymatic defect of PK deficiency. 
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Background: Pyruvate kinase (PK) deficiency is a rare, hereditary anemia. Chronic hemolysis is the primary 

consequence of PK deficiency, which leads to a spectrum of complications. Patients (pts) may develop certain 

complications at an early age, due to the disease or side effects of supportive treatments, and they may have 

greater prevalence of complications at an earlier or later age than experienced by the general population. 

Aim: To describe the age of onset of select comorbidities and complications in pts with PK deficiency enrolled 

in the Peak Registry (NCT03481738) and the age distribution of pts at enrollment with ongoing jaundice. 

Methods: The Peak Registry is an ongoing, global, retrospective, and prospective observational study of pts 

with a diagnosis of PK deficiency. This analysis included pts with available age data as of 01Dec2021. Data on 

demographics, laboratory values, and medical history, inclusive of comorbidities and complications and their 

onset dates, were summarized descriptively for all pts. Data on comorbidities and complications represented 

the lifetime history (from birth through most recent registry follow-up visit), except for iron overload, which was 

evaluated up to registry enrollment only. Continuous variables were summarized using number of known 

values, mean, SD, median, and range. Categorical variables were summarized by number and percentage of pts 

within a category, using the number of pts with known data as the denominator. 

Results: A total of 218 pts (101 pediatric, <18 years [yrs]; 117 adults, ≥18 yrs) with available age data were 

included. The median (range) age at enrollment was 19 yrs (0–77). Of the 211 pts with available splenectomy 

data, 44.5% (94/211) had been splenectomized prior to or at enrollment, at a median (range) age of 7 yrs (2–

28). In addition, 44.6% (90/202) had received chelation therapy prior to enrollment. Approximately one-quarter 

(25.6%) of 207 pts with available transfusion history information had never received a transfusion in their 

lifetime. Of the pts with available transfusion frequency data in the 12 months prior to enrollment, 18.0% 

(33/183) of pts were regularly transfused (≥6 transfusions) and 82.0% (150/183) were non-regularly transfused 

(0–5 transfusions). 



The most common comorbidities in the cohort included iron overload (48.6%), mental health issues (14.2%), 

cholecystitis (14.1%), liver disease (10.2%), osteopenia (5.5%)/osteoporosis (2.5%), deep vein thrombosis 

(5.3%), and pulmonary hypertension (4.6%) (Table). For the 85 pts who had experienced iron overload and had 

available onset age, iron overload often occurred at an early age (65.9% were at <12 yrs), with a median (range) 

age of 5 yrs (0–68). However, many pts also had onset of iron overload in adulthood (14.1% were 18–<40 yrs 

and 11.8% were 40–<65 yrs at onset). In pts who were regularly transfused in the 12 months prior to enrollment 

(n=33), onset of iron overload was experienced by 75.8% of pts (median [range] age of onset: 3 yrs [1–45]). For 

pts who were non-regularly transfused in the 12 months prior to enrollment (n=51), onset of iron overload was 

experienced by 42.2% of pts (median [range] age of onset: 6 yrs [1–68]). The median (range) age of onset for 

other comorbidities was 27 yrs (9–74) for mental health issues, 15 yrs (3–58) for cholecystitis, 1 yr (0–57) for 

liver disease, 35 yrs (9–76) for osteopenia, 33 yrs (9–64) for osteoporosis, 35 yrs (29–66) for deep vein 

thrombosis, and 8 yrs (0–77) for pulmonary hypertension. 

Of 67 pts with jaundice and known onset age, median (range) age at onset was 0 yrs (0–54). Forty-six of these 

pts had ongoing jaundice as of enrollment, 41.3% of whom were aged 18–<40 yrs. The overall median (range) 

age for these 46 pts was 16 yrs (0–50). 

Conclusions: This analysis shows that pts with PK deficiency developed a wide range of 

comorbidities/complications throughout their life, many of which occurred at an early age. Iron overload, 

osteopenia/osteoporosis, liver disease, and cholecystitis tended to be observed at younger ages than would be 

expected in the general population. These findings indicate that the disease burden associated with PK 

deficiency starts early in life. Clinicians, including pediatric specialists, should be aware of these risks and of 

the importance of early, regular monitoring for complications in these pts, which could lead to improvements in 



prevention and outcomes. 
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Background: Pyruvate kinase (PK) deficiency is a rare hereditary hemolytic anemia caused by mutations in 

the PKLR gene encoding the red blood cell (RBC) PK enzyme (PKR). Defects in PKR lead to chronic hemolysis 

and anemia, which are associated with serious complications, regardless of transfusion status. 

Mitapivat (AG-348) is a first-in-class, oral, allosteric activator of PKR that is approved by the US Food and Drug 

Administration for the treatment of hemolytic anemia in adults with PK deficiency. Mitapivat demonstrated 

significant improvements in hemoglobin (Hb) in patients (pts) who were not regularly transfused (ACTIVATE, 

NCT03548220) and significant reduction in transfusion burden in pts who were regularly transfused 

(ACTIVATE-T, NCT03559699) with PK deficiency. 

Methods: Data are reported as of 27Mar2022 of the long-term extension (LTE) study (NCT03853798) of 

ACTIVATE and ACTIVATE-T. In ACTIVATE, 80 pts (≥18 years [yrs]) with PK deficiency who were not regularly 

transfused (≤4 transfusion episodes in the prior yr; none in the prior 3 months [mos]) were randomized 1:1 to 

receive mitapivat or placebo (PBO). Primary endpoint was Hb response (≥1.5 g/dL increase in Hb from baseline 

[BL] sustained at ≥2 scheduled assessments at weeks [wks] 16, 20, and 24 in the fixed-dose period). 

In ACTIVATE-T, 27 pts (≥18 yrs) with PK deficiency who were regularly transfused (≥6 transfusion episodes in 

the prior yr) were treated with mitapivat. Primary endpoint was transfusion reduction response (≥33% reduction 

in number of RBC units transfused during the fixed-dose period, compared with the pt’s individual transfusion 

burden history standardized to 24 wks). Transfusion-free status (no transfusions in fixed-dose period) was a 

secondary endpoint. Further details on study design for each trial have been reported previously. 

Pts who completed the fixed-dose period of ACTIVATE or ACTIVATE-T were eligible to continue in the LTE, 

where all pts received mitapivat. In ACTIVATE/LTE analysis, data are reported on pts assigned to mitapivat 

who achieved Hb response and continued to LTE (mitapivat-to-mitapivat arm [M/M]), and pts originally 



assigned to placebo who switched to mitapivat in LTE (PBO-to-mitapivat arm [P/M]) and then met Hb response 

criteria. Duration of Hb response in M/M pts was defined as time from date a pt first achieved an increase in 

Hb ≥1.5 g/dL from BL to the date of last Hb assessment with an increase in Hb ≥1.5 g/dL from BL before loss 

of Hb response (change from BL <1.5g/dL). ACTIVATE-T/LTE analysis assessed transfusion reduction 

response in the ACTIVATE-T and LTE, and transfusion-free duration among pts who achieved transfusion-free 

status in ACTIVATE-T. 

Results: In ACTIVATE, 40% (16 out of 40) of pts treated with mitapivat achieved a Hb response at 24 wks; in the 

LTE, 39.5% (15 out of 38) of pts randomized to PBO in ACTIVATE showed a Hb response at 24 wks after 

switching to mitapivat. These improvements were sustained with continued treatment up to 33.2 mos (Figure 

1A). Improvements in markers of hemolysis and hematopoiesis were also sustained. The median duration of 

Hb response among the 16 ACTIVATE Hb responders was 21.9 mos with responses ongoing up to 32.9 mos 

(Figure 1B). Five pts fell below the 1.5g/dL response threshold; however, 4 of the 5 returned to a change from 

BL ≥1.5 g/dL at multiple timepoints afterwards, showing continued benefit from mitapivat treatment (Figure 

1B). 

In ACTIVATE-T, 37% (10 of 27) of pts achieved a transfusion reduction response and 22% (6 pts) achieved 

transfusion-free status. In the ACTIVATE-T/LTE, 37% (10 of 27) of pts met criteria for a transfusion reduction 

response up to 38.3 mos of fixed-dose period. All 6 pts who achieved transfusion-free status in ACTIVATE-T 

maintained the status in the LTE up to 38.3 mos. The median duration of transfusion-free response was 33.4 

mos. 

Mitapivat has been well tolerated, with extended treatment duration in the LTE studies showing no new safety 

findings and consistent with previous studies. 

Conclusions: In pts with PK deficiency, treatment with mitapivat continues to demonstrate long-term and 

durable improvements in Hb and reduction in transfusion burden over several years. Combined with a favorable 

safety profile, these data continue to support the long-term use of mitapivat as the first disease-modifying drug 



therapy approved for adults with PK deficiency and its clear potential for real-word benefits in these pts. 
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Background: Pyruvate kinase (PK) deficiency is a rare, hereditary disorder caused by mutations in 

the PKLR gene encoding the red blood cell PK enzyme (PKR). Defects in PKR lead to chronic hemolytic anemia. 

Mitapivat (AG-348), a first-in-class, oral, allosteric activator of PKR, is approved by the US Food and Drug 

Administration for the treatment of hemolytic anemia in adults with PK deficiency. Mitapivat has been shown in 

the phase 3 ACTIVATE study (NCT03548220) to significantly improve hemoglobin (Hb) and markers of 

hemolysis and erythropoiesis in patients with PK deficiency who were not regularly transfused. PK deficiency is 

associated with serious acute and long-term complications, most of which occur as a consequence of chronic 

ongoing hemolysis and ineffective erythropoiesis. This analysis examines changes in markers of hemolysis 

and erythropoiesis specifically in patients from ACTIVATE who did not achieve an Hb response as defined in 

the study protocol. 

Methods: The randomized, double-blind, placebo-controlled ACTIVATE study consisted of a 12-week dose-

optimization period (5/20/50 mg twice daily) and a 12-week fixed-dose period. 80 patients (≥18 years) with a 

diagnosis of PK deficiency who were not regularly transfused (≤4 transfusion episodes in the prior year; none in 

the prior 3 months) were randomized 1:1 to receive mitapivat or placebo. The primary endpoint was Hb 

response, defined as ≥1.5 g/dL increase in Hb from baseline (BL) sustained at ≥2 scheduled assessments at 

Weeks 16, 20, and 24 in the fixed-dose period. Secondary endpoints included change from BL in Hb 

concentration, indirect bilirubin, reticulocyte percentage (%), lactate dehydrogenase (LDH), and haptoglobin. 



The present analysis compared hemolysis and erythropoiesis markers in patients treated with mitapivat who 

did not achieve the protocol defined Hb response with those randomized to placebo. 

Results: A total of 80 patients were randomized 1:1 to receive mitapivat (N=40) or placebo (N=40). Mean Hb at 

BL=8.6 g/dL; 16/40 patients treated with mitapivat (40%) and 0/40 (0%) patients who received placebo 

achieved an Hb response (2-sided, p<0.001). Of the 24 patients treated with mitapivat who did not achieve a 

protocol-defined Hb response (mean [SD] change from BL in Hb at Weeks 16, 20, and 24: 0.44 g/dL [0.45]), 

markers of hemolysis and erythropoiesis improved numerically, as shown by a positive average change from 

BL at Weeks 16, 20, and 24 in indirect bilirubin (Figure A) (BL mean [SD], 98.4 µmol/L [68.4]; mean [SD] change 

from BL, –12.7 [24.6]); haptoglobin (BL mean [SD], 0.10 g/L [0.13]; mean [SD] change from BL, 0.05 [0.14]); LDH 

(BL mean [SD], 292.8 U/L [248.7]; mean [SD] change from BL, –27.1 [106.5]); and reticulocyte % (Figure B) (BL 

mean [SD], 0.48 [0.22]; mean [SD] change from BL, –0.07 [0.07]). For the 40 patients randomized to placebo, 

none of whom achieved an Hb response, there was minimal or no average improvement from BL at Weeks 16, 

20, and 24 in indirect bilirubin (BL mean [SD], 89.1 µmol/L [61.8]; mean [SD] change from BL, 3.0 [20.1]); 

haptoglobin (BL mean [SD], 0.08 g/L [0.14]; mean [SD] change from BL, 0.01 [0.07]); LDH (BL mean [SD], 260.0 

U/L [140.2]; mean [SD] change from BL, –8.7 [76.4]); or reticulocyte % (BL mean [SD], 0.40 [0.22]; mean [SD] 

change from BL, –0.0004 [0.06]). 

Conclusions: Mitapivat directly targets the underlying pathophysiologic defect in PK deficiency by activating 

PKR. In ACTIVATE, significant improvements in markers of hemolysis and erythropoiesis have been 

demonstrated for the overall patient population treated with mitapivat. This analysis now shows that 

directional improvements occur even in patients who did not achieve the clinical trial definition of Hb response. 

By improving markers of hemolysis and ineffective erythropoiesis, mitapivat is the first oral agent that has the 



potential to minimize long-term complications in patients with PK deficiency, irrespective of Hb response. 
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Background: Hereditary hemolytic anemias (HHAs) are a heterogeneous group of rare disorders, with clinical 

presentation varying from asymptomatic to severe anemia. HHAs are characterized by red cell destruction, at 



times caused by enzyme deficiencies such as pyruvate kinase (PK) deficiency (due to mutations in 

the PKLR gene). Given the rarity of PK deficiency and the overlap of clinical presentation with other HHAs, 

routine diagnostic techniques can be inconclusive in many patients (pts). Next generation sequencing (NGS) 

may allow more sensitive and specific diagnosis of HHAs, including PK deficiency. A no-cost diagnostic 

program for pts with suspected HHA has been available since 2018 (ARUP® 2018–2020, 

AnemiaID/PerkinElmer® 2020–present) to provide diagnosis using an NGS panel of anemia-associated genes. 

Here, we describe the results from pts tested using this program and who were identified to carry ≥1 reportable 

variant(s) in the PKLR gene. 

Methods: The NGS panel used in this analysis includes ~50 genes (Table) encoding cytoskeletal proteins and 

enzymes relating to HHA, including enzymopathies such as PK deficiency and similar disorders with 

overlapping clinical features, and covers the complete coding region, splice site junctions, and, where 

appropriate, deep intronic or regulatory regions. Targeted gene capture and library construction for NGS were 

performed using a Whole Blood and Saliva kit (PerkinElmer®) and sequenced on Illumina® NGS systems. 

Samples were sequenced using 150 bp paired-end sequencing at target average coverage of 80×. NGS output 

data were summarized descriptively for all pts. 

Results: Samples from 1007 pts were run from July 2018 to May 2022. Of these samples, 74 (7%) were 

identified with ≥1 reportable PKLR variant and included in this analysis; 23/74 (31%) samples were 

heterozygous, 33/74 (45%) were heterozygous for 2 PKLR variants, and 18/74 (24%) were homozygous 

for PKLR variants. There were 127 PKLR variants reported, 91 (72%) of which were classified as likely 

pathogenic (LP)/pathogenic (P) and 36 (28%) were variants of uncertain significance (VUS). In addition, 2 pts 

had large homozygous deletions. The majority of variants (80%) were missense mutations. Based on available 

clinical data from 58 pts, there were 30 pts for whom diagnostic or likely diagnostic result was established in 

the PKLR gene. This included 21 pts homozygous or compound heterozygous for LP/P sequence variants, 1 

homozygous for deletion, 6 with 2 LP/P PKLR variants of unknown phase, and 2 compound heterozygous for 

LP/P and a VUS. Inconclusive, but possible diagnostic PKLR findings were identified in 7 pts: 4 homozygous or 

compound heterozygous for PKLR VUS variants, 3 with LP/P and a VUS with phase unknown. Others were 

inconclusive because only 1 PKLR variant was identified (n=14) or the diagnosis was identified in other genes 

(n=7). 

PK enzyme levels ranged from <1.1 to 8.5 U/g hemoglobin (Hb). Most (21/37; 57%) pts with available PK 

enzyme levels had <2.0 U/g Hb. In addition, 3 pts had a molecular diagnosis in the PKLR gene and normal PK 

enzyme levels (>5.5 U/g Hb), 2 of whom had received a transfusion in the prior 2 weeks. Adult (≥18 years [yrs]) 

and pediatric pts (<18 yrs) were distributed evenly in the cohort (53% and 47%, respectively); 30/74 (41%) were 

older than 30 yrs at testing, of whom 18/30 (60%) were older than 50 yrs. 

Conclusions: NGS is an effective platform for the diagnosis of PK deficiency. Most pathogenic variants 

identified were small sequence variants, but large deletions in PKLR are not uncommon and should be part of 

the NGS panel. In addition, over 40% of the pts tested were >30 yrs of age, some of whom were without a 



previous diagnosis, emphasizing the complexity of a PK deficiency diagnosis in pts with lifelong anemia. NGS, 

through this no-cost diagnostic testing program, may help to make a diagnosis in situations where PK enzyme 

levels may be inconclusive or potentially confounded (pts receiving frequent transfusions). With the recent 

advances in drug development and the approval of a new medicine for pts with PK deficiency, improved 

diagnosis may increase awareness of the disease and allow for appropriate treatment and counselling for 

these patients. 
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Background: Pyruvate kinase (PK) deficiency is a rare, inherited disorder caused by PKLR gene mutations; the 

disease is associated with chronic hemolytic anemia and lifelong complications. Clinical management includes 

red blood cell (RBC) transfusions and splenectomy, which only partially improve anemia. No 

pharmacotherapies are approved for use in children, and therapies targeting the underlying cause of hemolysis 

are needed. Mitapivat (AG-348), a first-in-class, oral, allosteric activator of the RBC PK enzyme, demonstrated 

significant and durable improvements in hemoglobin (Hb) and markers of hemolysis and hematopoiesis in 

adults with PK deficiency who were not regularly transfused (ACTIVATE NCT03548220; long-term extension 

study NCT03853798). Mitapivat has been approved by the US Food and Drug Administration for the treatment 

of hemolytic anemia in adults with PK deficiency. Safety and efficacy data support the evaluation of mitapivat 

in children with PK deficiency who are not regularly transfused. Here, we report the design of ACTIVATE-Kids 

(NCT05175105), a phase 3 study, which will evaluate the efficacy and safety of mitapivat in children with PK 

deficiency who are not regularly transfused. 

Methods: ACTIVATE-Kids, a phase 3, global, multicenter, double-blind, placebo-controlled study, will stratify 30 

children by age (1–<6, 6–<12, and 12–<18 years); a minimum of 6 patients in each age group will be 

randomized (2:1) to mitapivat or placebo (Figure). The double-blind period comprises an 8-week (wk) dose-

titration period and a 12-wk fixed-dose period. A 5-year open-label extension (OLE) period will follow the 

double-blind period. The study drug will be administered orally (as granules taken with food or tablets 

swallowed whole) at a dose of 1–50 mg twice daily, depending on age and weight. Pediatric dosing is based on 

pharmacokinetic modeling and simulation such that, within each age and weight category, the proposed dose 

provides exposure similar to that in adults at the same dose level. Key inclusion criteria include: 

≥2 PKLR mutant alleles with ≥1 missense mutation, ≤5 RBC transfusions in the past year, Hb concentrations of 

≤10 g/dL (12 to <18 years) or ≤9 g/dL (1 to <12 years). Key exclusion criteria include: R479H homozygosity, 2 

non-missense mutations without a missense mutation in PKLR, or prior stem cell transplantation. The primary 

endpoint is Hb response, defined as a ≥1.5 g/dL increase in Hb concentration from baseline that is sustained at 

≥2 scheduled assessments at Wks 12, 16, and 20 in the double-blind period. Secondary endpoints will evaluate 

the effect of mitapivat on Hb, hemolysis, erythropoiesis, iron metabolism and overload, safety, quality of life, 

and pharmacokinetics. With a planned sample size of 30 randomized patients (mitapivat, N=20; placebo, 

N=10), and assuming an Hb response rate of 35% for mitapivat and 5% for placebo, there will be >80% 

probability that the lower bound of the 95% credible interval for the odds ratio of Hb response (mitapivat vs 

placebo), based on the Bayesian logistic regression model with weight ≥0.35, of a robust prior, will be >1. The 

primary endpoint of Hb response will be analyzed using a Bayesian logistic regression model, including Hb 

response status (yes, no), as the dependent variable and treatment as the independent variable. Patients 

completing the double-blind period will be eligible to receive mitapivat for up to 5 years in an OLE. During the 

OLE, all patients will receive mitapivat. 



Results: Global site recruitment is in progress, with a total of 20 sites planned in Canada, France, Germany, 

Israel, Italy, Netherlands, Spain, Switzerland, United Kingdom, and United States. Patient enrollment has also 

begun, with the first patient enrolled in July 2022. 

Conclusions: The phase 3 ACTIVATE-Kids study of children with PK deficiency who are not regularly transfused 

will evaluate treatment with mitapivat, a potential disease-modifying pharmacotherapy. 
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Background: Pyruvate kinase deficiency (PKD) is a rare inherited hemolytic anemia caused by mutations in 

the PKLR gene. Manifestations include anemia, splenomegaly and iron overload, which may be life-threatening 

in severely affected individuals. Current treatments are limited to a recently approved enzyme activator, and 

also blood transfusions, chelation therapy and splenectomy which are associated with significant side 

effects. Based on compelling preclinical data, a global Phase 1 clinical trial RP-L301-0119 (NCT04105166) is 

underway to evaluate lentiviral mediated hematopoietic stem and progenitor cell (HSPC)-targeted gene therapy 

for adults and children with severe PKD. 

Methods: Splenectomized patients with severe PKD (severe and/or transfusion-dependent anemia) are eligible. 

Peripheral blood (PB) hematopoietic stem and progenitor cells (HSPCs) are collected on 2 consecutive days 

via apheresis after mobilization with granulocyte-colony stimulating factor (G-CSF) and plerixafor. Following 

apheresis, HSPCs are transduced with PGK-coRPK-WPRE lentiviral vector and cryopreserved. Myeloablative 

therapeutic drug monitoring-guided busulfan is administered over 4 days and the gene therapy product (RP-

L301) is thawed and infused. Patients are followed for safety assessments, including replication competent 

lentivirus (RCL) and insertion site analysis (ISA) and for efficacy parameters including PB and BM genetic 



correction, decrease in transfusion requirements, clinically significant improvement in anemia, and reduction of 

hemolysis for 2 years post-infusion. 

Results: As of April 2022, 2 adult patients (age 31 and 47 years at enrollment) with severe anemia have 

received RP-L301. Patient 1 (age 31 years) received 3.9x106 CD34+ cells/kg with mean vector copy number 

(VCN) of 2.73. Patient 2 (age 47 years) received 2.4x106 CD34+ cells/kg with mean VCN of 2.08. Despite 

baseline hemoglobin (Hb) levels in the 7.0-7.5 g/dL range, at 18 months post infusion both patients have 

normal-range hemoglobin (13.0 g/dL and 14.8 g/dL), improved hemolysis and no red blood cell transfusion 

requirements post-engraftment. Other parameters of hemolysis and anemia (LDH, bilirubin, erythropoietin) are 

improved. Peripheral blood mononuclear cell (PBMC) vector copy numbers (VCNs) were >1.5 at the 18-month 

evaluation. Both patients have anecdotally reported improved quality of life, also demonstrated by increases in 

both the FACT-An and SF-36 scores, with particularly marked improvement in SF-36 energy/fatigue, physical 

functioning, and general health components. No serious adverse events (SAEs) have been attributed to RP-

L301. Hematopoietic reconstitution occurred within 2 weeks post-RP-L301 administration. Insertion site 

analyses in PB and BM for both adult patients up to 12 months following gene therapy indicate highly 

polyclonal patterns; no selection of common integration sites in proximity to proto-oncogenes was observed. 

Conclusion: RP-L301 was successfully manufactured utilizing autologous HSPCs from patients with severe 

PKD. Robust and sustained efficacy in both patients at 18 months post-treatment was demonstrated by 

normalized hemoglobin, improved hemolysis parameters, and no red blood cell transfusion requirements 

following engraftment (transfusion independence). Both patients reported improved quality of life following 

treatment. Updated safety and efficacy will be presented. 
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