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   Thalassemia is an inherited red blood cell dis or der whereby the qual i ta tive and / or quan ti ta tive imbal ance in  α  -  to 
 β  - glo bin ratio results in hemo ly sis and inef fec tive eryth ro poi e sis. Oxidative stress, from the pre cip i tated excess glo bin 
and free iron, is a major fac tor that drives hemo ly sis and inef fec tive eryth ro poi e sis. Pyruvate kinase activ ity and   aden o-
sine tri phos phate avail abil ity are reduced due to the overwhelmed cel lu lar anti ox i dant sys tem from the exces sive oxi da-
tive stress. Mitapivat, a pyru vate kinase acti va tor in devel op ment as a treat ment for thal as se mia, was shown to increase 
hemo glo bin and reduce hemo ly sis in a small phase 2 sin gle - arm trial of patients with  α  -  and  β  - thal as se mia. The ongo ing 
phase 3 stud ies with mitapivat and the phase 2 study with etavopivat will exam ine the role of pyru vate kinase acti va tors 
as dis ease mod i fy ing agents in thal as se mia.  

   LEARNING OBJEC TIVES 
    •  Understand thal as se mia as an inherited red blood cell dis or der where both oxi da tive stress and hemo ly sis play 

a major role in the path o gen e sis 
   •  Describe the results of the phase 2 sin gle  arm trial of pyru vate kinase acti va tor mitapivat in patients with 

 α    and  β   thal as se mia 
   •  Appreciate that pyru vate kinase acti va tion is the fi rst mech a nism targeted in clin i cal tri als for patients 

with  α   thal as se mia  

  CLINICAL CASE 
  A 34  year  old female with non  deletional Hemoglobin H 
dis ease ( α   − 3.7  / Hemoglobin Constant Spring com pound 
het ero zy gote) is referred by another hema tol o gist for a 
sec ond opin ion regard ing sple nec tomy. Patient receives 
on aver age 2 - 3 units of packed red blood cells per year 
for epi sodes of symp tom atic ane mia and has a liver 
iron con cen tra tion of 3.0    mg / g dw. She was advised to 
undergo sple nec tomy by the refer ring hema tol o gist in 
hopes of improv ing her hemo glo bin (Hb) and her symp
toms, but the patient is concerned about the risk of infec
tion and throm bo sis asso ci ated with asplenia and wishes 
to explore alter na tives to sple nec tomy. Patient on review 
has fatigue, exertional dyspnea, and exer cise lim i ta tions. 
She com ments on being frus trated by her pro found 
fatigue and the need to take a nap almost daily. Other 
sec ond ary causes of fatigue includ ing depres sion have 
been ruled out. On exam i na tion, the patient has scleral 
icterus and pal pa ble spleno meg aly at 5   cm below the cos

tal mar gin. Laboratory fi nd ings included a hemo glo bin of 
7.0    g / dL, MCV 65 fL, mean cor pus cu lar hemo glo bin 21    pg /
 cell, abso lute retic u lo cyte count 336    ×    10 9  / L, lac tate dehy
dro ge nase level 462    U / L, total bil i ru bin 3    mg / dL (indi rect 
bil i ru bin 2.8    mg / dL), hap to glo bin unde tect able. Abdom
inal ultra sound dem on strated a spleen size of 18    cm in 
craniocaudal length.  

 Introduction 
 Thalassemia is an inherited red blood cell (RBC) dis or der 
whereby the qual i ta tive and / or quan ti ta tive imbal ance in 
 α    to  β   glo bin ratio results in inef fec tive eryth ro poi e sis and 
hemo ly sis. 1  A pau city or qual i ta tive defi  ciency in  β   glo bin 
results in  β   thal as se mia and vice versa. Presentation is 
highly var i able, rang ing from those who do not require reg
u lar trans fu sions to sur vive (non  trans fu sion  depen dent 
thal as se mia [NTDT]) to severely ane mic patients who are 
trans fu sion  depen dent (TDT). NTDT is a highly prev a lent 
con di tion in many areas around the globe and is  becom ing 
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more  prev a lent in oth ers due to migra tion. There is grow ing 
evi dence that patients with NTDT face a high bur den of mor
bid ity and mor tal ity despite not being trans fu sion depen dent.1,2 
Ineffective eryth ro poi e sis and hemo ly sis drives ane mia, hyper
co ag u la bil ity, and pri mary iron over load, resulting in a myr iad 
of com pli ca tions includ ing gall stones, hepatosplenomegaly, 
bone deformities, oste o po ro sis, extramedullary hema to poi e sis 
(EMH), leg ulcers, throm bo sis, pul mo nary hyper ten sion, endo
crinopathies, growth delay, liver fibro sis and cir rho sis, heart 
fail ure, and arrhyth mia, among oth ers (Figure 1).1 Treatment for 
NTDT is cur rently con fined to treat ment of these com pli ca tions 
(e.g., hypertransfusion for EMH) since there is no approved 
dis easemod i fy ing ther apy, and in par tic u lar, for patients with 
αthal as sae mia. Likewise, treat ment for TDT is also largely con
fined to reg u lar trans fu sions and sup port ive care. The ensu ing 
iron over load from reg u lar trans fu sions fur ther exac er bates the 
liver, car diac, endo crine, and renal com pli ca tions (Figure 1).1  
Use of sple nec tomy for both NTDT and TDT are in decline 
because of the risk of infec tion and throm bo sis.1 While luspa
tercept is cur rently approved for βTDT, it reduces the trans
fu sion bur den by onethird or more (and at least 2 units over 
12 weeks) from base line in only 21.4% of patients and must be 
admin is tered as sub cu ta ne ous injec tions every 3 weeks.3 Gene 
ther apy is approved for use in a small seg ment of patients with 
βTDT thal as sae mia. Since hemo ly sis plays a cru cial role in 
the path o gen e sis of thal as se mia, agents that can com bat the 
hemo ly sis would be desir able. To this end, two com pounds, 
mitapivat and etavopivat, have been devel oped and are cur
rently under go ing clin i cal tri als in patients with thal as se mia. 
Mitapivat and etavopivat are two oral small molec u lar allo ste ric 
acti va tors of the RBC pyru vate kinase (PKR), the last enzyme 
in gly col y sis that con verts phos pho enol pyr uvate to pyru vate. 
Mitapivat is approved by the FDA for treat ment of pyru vate 
kinase defi ciency, and both mitapivat and etavopivat are cur
rently eval u ated for the treat ment of thal as se mia and sickle cell 
dis ease (SCD). RBCs are entirely depen dent on gly col y sis (due 
to the lack of mito chon dria) to pro duce energy (e.g., aden o sine 

tri phos phate [ATP]), needed for the main te nance of cel lu lar 
metab o lism, hydra tion, mem brane integ rity, and deformabil
ity, and to pro vide anti ox i dant capac ity to pro tect hemo glo
bin mol e cules and other pro teins from con tin u ous oxi da tive 
stress.4 Any mis match in energy (ATP) sup ply and demand leads 
to reduced RBC health and lifespan. How this mis match occurs 
in thal as se mia and can be atten u ated by pyru vate kinase (PK) 
acti va tion will be detailed below.

Ineffective eryth ro poi e sis and hemo ly sis in β-thal as se mia
In βthal as se mia, excess αglo bin over whelms the α hemo glo bin 
sta bi liz ing pro tein, which normally sta bi lizes the free αglo bin 
chains. The free αglo bin aggre gates and pre cip i tates, forming 
inclu sion bod ies called Fessas bod ies.5 In nor mal eryth ro poi e sis, 
GATA1 pro motes ter mi nal ery throid dif fer en ti a tion, and GATA1 is 
protected by Heat Shock Protein 70 (HSP70) in the nucleus. In 
βthal as se mia, the free αglo bin seques ters HSP70 in the cyto
plasm, aided by exportin1 (Figure 2).6 HSP70, hav ing been lured 
away, is unable to pro tect GATA1 from deg ra da tion by Caspase 
3, lead ing to accu mu la tion and apo pto sis of the ery throid pre
cur sors in the bone mar row, termed inef fec tive eryth ro poi e sis.7 
Moreover, free αglo bin mol e cules autooxi dize and form hemi
chromes (αglo bin with oxi dized fer ric iron) and reac tive oxy gen 
spe cies (ROS). The hemichromes pre cip i tate and inter ca late into 
the RBC plasma mem brane and oxi dize the mem brane lipid and 
pro teins.7 The resul tant desta bi li za tion of the RBC mem brane 
can not be read ily detox i fied by the cel lu lar anti ox i dant sys tem, 
and the excess ROS leads to intramedullary cell death. If by 
chance the RBCs sur vive the mat u ra tion jour ney, these cells have 
dimin ished lifespan due to the oxi da tive stress, and hemo ly sis 
ensues in the periph eral cir cu la tion (Figure 2). Oxidative injury 
causes Band 3 to clus ter, pro duc ing a neoantigen that binds to 
the immu no glob u lin G and com ple ment, resulting in removal of 
the dam aged RBC by mac ro phages in the cir cu la tion. In addi
tion, the free iron lib er ated from the hemo ly sis cre ates highly 
reac tive hydroxyl and hydroperoxyl rad i cals, which exerts fur ther 
oxi da tive stress and tis sue dam age.7
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Figure 1. Multisystem complications from risk factors and treatments of thalassemia. Risk factors and their corresponding compli
cations are colorcoded. Complications with overlapping colors denote those stemming from and exacerbated by the multiple risk 
factors involved. Modified from Taher AT, Musallam KM, Cappellini MD. βThalassemias. N Engl J Med. 2021;384(8):727-743. 1°, primary; 
2°, secondary; EMH, extramedullary hematopoiesis; HCC, hepatocellular carcinoma; PHT, pulmonary hypertension.
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Oxidative stress and hemo ly sis in α-thal as se mia
Conversely, in αthal as se mia, excess βglo bin and γglo bin form 
tet ra mers called hemo glo bin H and Barts, respec tively. Although 
hemo glo bin H (HbH) and Barts are more sta ble than α glo bin 
tet ra mers, they are still lia ble to induce the ROS for ma tion and 
cause dam age to the devel op ing RBC. The phe no type of HbH 
dis ease, a form of αthal as se mia where three of the four α 
glo bin genes are mutated, is char ac ter ized by chronic hemo lytic 
ane mia.8 The exact mech a nism by which αthal as se mia leads to 
hemo ly sis and inef fec tive eryth ro poi e sis is less clear, but abun
dant evi dence sug gests that the pro cess may be anal o gous to 
βthal as se mia in that oxi da tive stress plays an impor tant com po
nent in the path o phys i  ol ogy. This includes find ings of low glu ta
thi one lev els,9 hepcidin, total anti ox i dant capac ity lev els,10 and 
ele vated malondialdehyde lev els in patients with αthal as se mia.11

Impairment of glycolysis in thalassemia
There is also evi dence to show that in thal as se mia, the gly co
lytic path way is affected by the oxi da tive stress. Ting et al deter
mined, via 13C and 31P mag netic res o nance spec tros copy, that 
glu cose metab o lism in the RBCs of patients with βthal as se mia  
intermedia were sig nifi  cantly (approx i ma tely three times) higher 
than in healthy patients or patients with βthal as se mia trait, even 
when con tri bu tion by retic u lo cytes were excluded.12 However, 
ATP con cen tra tions in the RBCs of patients with βthal as se mia  
major or Hemoglobin E/βthal as se mia were sig nifi  cantly lower 
than healthy con trols.13 These two stud ies together show that 

glu cose metab o lism is shifted away from the gly co lytic path way 
and toward the pen tose phos phate path way. PK enzyme activ ity 
and sta bil ity were found to be reduced in patients with TDT with 
no path o genic PKLR muta tion, even when adjusted for RBC age 
and the pres ence of reticulocytosis.14 Matte et al have shown that 
ROS lev els were increased in the RBCs of Hbbth3/+ mice com pared 
to wildtype mice, and that PKR and PKM2 expres sion was higher 
in both the retic u lo cyte and older RBC frac tions.15 PKM2 was also 
upregulated in the RBCs of Hbbth3/+ mice and may act as a com
pen sa tory response to the increased oxi da tive stress.15 These 
dis cov er ies led to the hypoth e sis that pyru vate kinase acti va tion 
may reduce oxi da tive dam age, thus reduc ing hemo ly sis, improv
ing inef fec tive eryth ro poi e sis and RBC lifespan, and resulting in 
improve ment of ane mia. Also, improve ment in inef fec tive eryth
ro poi e sis may alle vi ate the dysregulated iron metab o lism, lead
ing to reduc tion in iron over load (Figure 3).

Pyruvate kinase acti va tion in thal as se mia mouse model
To exam ine the effect of pyru vate kinase acti va tion in thal as se mia, 
Matte et al admin is tered mitapivat to Hbbth3/+ mice at 50  mg/kg 
twice daily for 21 days (by gavage) and 56 days (by oral diet), 
respec tively. After 21 days, improve ments were observed in Hb, 
mean cor pus cu lar vol ume (MCV), mean cor pus cu lar Hb, RBC 
mor phol ogy, and sur vival (14 vs 9.6 days in treated and untreated 
Hbbth3/+ mice com pared to 18.9 days in wildtype mice). Concom
itant reduc tion in mark ers of hemo ly sis (lac tate dehy dro ge nase 
[LDH], total and indi rect bil i ru bin),  eryth ro poi e tin (EPO) level, 

Figure 2. Mechanism of oxidative stress, ineffective erythropoiesis and hemolysis in β-thalassemia. Impaired α to βglobin ratio results 
in aggregation and precipitation of the excess αglobin, exerting oxidative stress on the developing RBC. Concurrently, αglobin aggre
gates induce the sequestration of HSP70 in the cytoplasm, GDF activation and phosphorylation of SMAD2/3, and activation of SMAD4. 
Both processes lead to reduced GATA1 resulting in eryptosis. RBCs that exit the marrow soon undergo hemolysis because of shortened 
RBC lifespan. Modified from Longo F, Piolatto A, Ferrero GB, Piga A. Int. J. Mol. Sci. 2021, 22, 7229, Taher A and Saliba AN. Hematology 
Am Soc Hematol Educ Program. 2017 Dec 8;2017(1):265-271; Musallam KM, et al. Haematologica. 2011;96(11):1605-1612; Rivella S. Hae-
matologica. 2015;100(4):418. ATP, adenosine triphosphate; EPO, erythropoietin; ERFE, erythroferrone; GDF, growth differentiation factor; 
HIF2α, hypoxic inducible factor 2α; HSP70, Heat Shock Protein 70; RBC, red blood cell; ROS, reactive oxygen species; XPO1, exportin1.
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retic u lo cyte count, ROS, hemichromes, and αglo bin mem brane 
pre cip i tates was observed, accom pa nied by an increased glu ta
thi one to glu ta thi one disulfide ratio. An increase in ATP was also 
observed. In addi tion to the ame lio ra tion of hemo ly sis, mitapi
vat improved inef fec tive eryth ro poi e sis. Splenic extramedullary 
hema to poi e sis was reduced, and PK activ ity was increased 
in RBC poly chro matic and ortho chro matic eryth ro blasts of 
mitapivattreated Hbbth3/+ mice, accom pa nied by reduced apo
pto tic (annexinV+) eryth ro blasts and ROS in matur ing eryth ro
blasts.15 This also resulted in a reduc tion in the erythroferrone 
(ERFE) level, followed by upregulation of liver hepcidin expres
sion and a reduc tion in hepatic iron over load. There is evi dence 
that mitapivat may also reduce duo de nal iron absorp tion via 
the PKM2HIF2α axis by downregulation of HIF2α, NFκb p65 
active form, FPN1, and Dmt1 in the enterocytes of the mitapiv
attreated Hbbth3/+ mice.15

Recently, Mattè et al dem on strated that in chron i cally trans
fused Hbbth3/+ mice treated with mitapivat, the results were a 
lon ger inter val between trans fu sions (13.8 vs 10.5 days in mitapi
vat and vehi cletreated mice, respec tively) and reduced splenic 
iron accu mu la tion.16 Similar to the Hbbth3/+ mice not on trans
fu sion treated with mitapivat, αglo bin mem brane pre cip i tates, 
EPO level and liver iron accu mu la tion were reduced, hepcidin 
increased, and splenic mac ro phage func tion was shifted from a 
proinflam ma tory to a proresolv ing state.16 Concomitant admin
is tra tion of mitapivat with deferiprone had a sim i lar effect.16 
These find ings pro vided the pre clin i cal evi dence for sub se quent 
tri als of pyru vate kinase acti va tion in both TDT and NTDT.

CLINICAL CASE (continued)
The patient was once again coun seled on the ben e fits and 
risks of sple nec tomy, includ ing the poten tial ben e fit of 
increas ing total hemo glo bin by 1-2 g/dL, but she declined 
this approach based on the four to fivefold risk of venous 
throm bo em bo lism and pul mo nary hyper ten sion com pared to 
nonspelenectomized patients.17 Regular trans fu sion was also 
offered as an option, but the patient was concerned about the 
need for chronic iron che la tion. Given the patient’s hemo lytic 

pro file, she was offered the oppor tu nity to par tic i pate in a 
clin i cal trial of a pyru vate kinase acti va tor.

Pyruvate kinase acti va tion in thal as se mia patients
Mitapivat
The phase 2, openlabel, mul ti cen ter study inves ti gated the 
effi cacy and safety of mitapivat in adult patients with α and β
NTDT.18 The pri mary objec tive of the study was to eval u ate the 
effi cacy of mitapivat in NTDT. Twenty patients with NTDT from 
four sites across the US, UK, and Canada were enrolled. The geno
type inclu sion cri te rion was broad and included βthal as se mia 
with or with out αglo bin gene muta tions, HbE/βthal as se mia,  
or αthal as se mia. Patients had to have a hemo glo bin less than 
10  g/dL, and nontrans fu sion depen dency was defined as less 
than 6 RBC units trans fused in the pre ced ing 24 weeks and none 
in the 8 weeks prior to study drugdos ing. Following screen ing, 
patients entered a 24week core period where they received an 
ini tial dose of mitapivat 50  mg twice a day orally. At week 6, the 
dose was increased to 100  mg twice a day based on safety and 
tol er a bil ity. After the 24week core period, patients may enter 
an optional 10year exten sion period. The pri mary end point was 
defined as an increase of hemo glo bin by at least 1  g/dL from 
base line between weeks 4 and 12. Secondary and explor atory 
end points included sustained or delayed Hb response, mark ers of 
hemo ly sis, hema to poi etic activ ity, and safety. The sec ond ary end
point was defined as meet ing the pri mary response and at least 
a 1  g/dL increase in hemo glo bin in at least two read ings between 
weeks 12 and 24. The median age in this cohort was 44 years, 50% 
of the pop u la tion was Asian, and the median Hb at base line was 
8.4  g/dL.18 Overall, 5 patients had αthal as se mia (HbH), and 15 
patients had βthal as se mia. The pri mary end point was met in 80% 
(16/20) of the par tic i pants; all 5 patients with αthal as se mia and 
11/15 patients with βthal as se mia met the pri mary end point. The 
sec ond ary end point of sustained hemo glo bin response was met 
in 65% of the 20 patients, with all 5 patients with αthal as se mia  
meet ing this end point. The mean change in Hb from base line over 
a 12week inter val between weeks 12 and 24 was sim i lar between 
α and βthal as se mia (1.2 and 1.3  g/dL, respec tively), and the 
mean time to ≥1  g/dL increase in Hb among the  respond ers was 
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Figure 3. Hypothesis on how pyruvate kinase activation, through enhanced glycolysis and increased in ATP availability, reduces 
oxidative damage and hemolysis and improves ineffective erythropoiesis and dysregulated iron metabolism, thereby improving 
anemia and iron overload.
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4.5 weeks.18 Qualitatively, mark ers of hemo ly sis (LDH and bil i ru
bin) and eryth ro poi e sis were reduced or remained sta ble in most 
patients. Consistent with the mech a nism of action of mitapivat, 
the mean ATP change in blood ranged from 6287%, sim i lar to 
what was pre vi ously observed in a mul ti pleascend ing dose 
study in healthy vol un teers (60% max i mum increase in ATP).18 
Note that all  par tic i pants in this cohort had non patho genic PKLR 
geno types.

Safety of mitapivat in thal as se mia
In terms of safety, 17 (85%) patients expe ri enced a treat ment
emer gent adverse event dur ing the 24week core period, with 
most being grade 1 or 2; the major ity were selflim it ing. The 
most com monly reported adverse events were ini tial insom
nia (n  =  10 [50%]), diz zi ness (n  =  6 [30%]), and head ache (n  =  5 
[25%]).18 The safety pro file was sim i lar to prior stud ies of mitapi
vat in healthy vol un teers and patients with PK defi ciency. In the 
17 par tic i pants who enrolled in the 10year longterm exten sion 
(LTE), Hb increase was sustained with a mean increase in Hb of 
1.7  g/dL. Qualitatively, con tin ued reduc tion in LDH, indi rect bil
i ru bin, and EPO was observed in the LTE up to week 72, as well 
as a reduc tion (expressed as median change from base line) in  
ERFE (−5430  ng/L), retic u lo cytes/eryth ro cyte ratio (−0.007), 
and sol u ble trans fer rin recep tor level (−1.82  mg/L), while hep
cidin remained sta ble over time (+650  ng/L).19 The type and 
fre quency of adverse events in the exten sion period were con
sis tent with those observed in the core period. Initial insom nia 
was con fined to the core period and was not observed in the 
LTE. Adverse events occur ring in ≥15% of patients dur ing the 
exten sion period were head ache (5/17) and back pain (3/17), 
none of which were grade ≥3. In patients who have had repeat 
bone min eral den sity in the exten sion period, no trends for 
decreases were observed.

Phase 3 trial of mitapivat in thal as se mia
The encour ag ing results from the phase 2 study have led to the 
devel op ment of two phase 3, mul ti cen ter, ran dom ized, dou ble 
blind, pla cebocon trolled stud ies of mitapivat, in patients 
with nontrans fu sion depen dent (ENERGIZE; NCT04770753) 
and trans fu siondepen dent α or βthal as se mia (ENERGIZET; 
NCT04770779) (Table 1).20 In ENERGIZE, 171 adults with either 
α or βthal as se mia (based on Hb elec tro pho re sis, Hb HPLC,  
and/or DNA anal y sis), a Hb ≤10  g/dL, and nontrans fu sion depen
dency (defined as ≤5 RBC units dur ing the 24weeks before ran
dom i za tion and no RBC trans fu sions within the 8 weeks prior) are 
enrolled in the 24week dou bleblind core period and ran dom

ized in a 2:1 fash ion to receive either mitapivat 100 mg or pla cebo 
twice daily. The pri mary end point is Hb response, its defi  ni tion 
being sim i lar to the pri mary end point in the phase 2 study. 
However, the sec ond ary end points include a patientreported 
out come and func tional assess ment (change in Functional 
Assessment of Chronic Illness Therapy [FACIT]Fatigue sub scale 
score, patientreported global mea sures of fatigue, 6min ute 
walk test dis tance) in addi tion to change in aver age Hb con cen
tra tion, mark ers of hemo ly sis, eryth ro poi e sis, and iron metab o
lism. The design of ENERGIZET is sim i lar, with key dif fer ences 
being a 48week dou bleblind core period enroll ing 240 adult 
α or βTDT (e.g., patients who are trans fu siondepen dent with 
HbH dis ease or αthal as se mia major/Hb Barts hydrops fetalis 
would qual ify), the pri mary end point being trans fu sion reduc tion 
response (defined as a 50% or greater reduc tion in trans fused 
RBC units with a reduc tion of two or more units of trans fused 
RBCs in any con sec u tive 12week period through week 48 com
pared with base line), and the sec ond ary end points exam in ing 
trans fu sion reduc tion at dif fer ent degrees and inter vals within 
the 48week core period. Transfusiondepen dency is defined 
as 6 to 20 RBC units trans fused and no trans fu sionfree period 
for more than 6 weeks dur ing the 24weeks before ran dom i za
tion. In both stud ies, eli gi ble patients have the option of enter
ing the 5year openlabel exten sion. Both stud ies also per mit the 
enroll ment of patients on sta ble hydroxy urea dose for at least  
16 weeks before ran dom i za tion, rec og niz ing that it is used by 
some cen ters in the treat ment of patients with βthal as se mia.17

Etavopivat
Etavopivat is also being eval u ated in NTDT and TDT fol low ing the 
con clu sion of the sin gleascend ing dose and mul ti pleascend ing  
dose phase 1 trial (NCT03815695) in 90 healthy adults.21 The 
ongo ing phase 2 openlabel study (NCT04987489) aims to eval u
ate the safety and effi cacy of etavopivat in patients 12 to 65 years 
old with SCD on chronic trans fu sions (cohort A), TDT (cohort B), 
and NTDT (cohort C) (Table 1).22 Patients will receive etavopivat 
400 mg once daily for 48 weeks for all  cohorts. The pri mary end
point for the TDT cohort is ery throid response, defined as the 
pro por tion of patients with 20% or greater reduc tion in trans fu
sion over a con tin u ous 12week treat ment period com pared to 
base line. The pri mary end point for the NTDT cohort is defined as 
a 1.0 g/dL or greater increase from base line at week 12 in Hb.22 
Both the TDT and NTDT cohorts plan to enroll 12 to 20 patients 
and are powered to detect a response rate of 60% and 50% to 
the pri mary end point in the TDT and NTDT cohorts, respec tively. 
Secondary and explor atory end points include other trans fu sion 

Table 1. Clinical tri als of pyru vate kinase acti va tors in thal as se mia

Category Phase Drug N Duration Identifier Status

NTDT 2 (sin glearm, openlabel) Mitapivat 20 24 weeks NCT03692052 Completed

Etavopivat 20 48 weeks NCT04987489
(cohort C)

Ongoing

3 (dou bleblind RCT) Mitapivat: pla cebo (2:1) 171 24 weeks NCT04770753 Ongoing

TDT 2 (sin glearm, openlabel) Etavopivat 20 48 weeks NCT04987489
(cohort B)

Ongoing

3 (dou bleblind RCT) Mitapivat: pla cebo (2:1) 240 48 weeks NCT04770779 Ongoing

RCT, ran dom ized con trolled trial.
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reduc tion and hemo glo bin response param e ters, changes in 
HRQoL (SF36 and PROMIS), serum fer ri tin lev els, liver iron, 2,3
BPG, ATP, PK, and safety param e ters.22

CLINICAL CASE (continued)
The patient was enrolled in the phase 2 study of mitapivat in 
NTDT. Her hemo glo bin increased by 1.0  g/dL from base line 
within 4 weeks of starting treat ment and reached 1.4  g/dL at 24 
weeks. She had ini tial insom nia, which abated by day 5 on treat
ment with out inter ven tion. Her mark ers of hemo ly sis improved 
and EPO level reduced. Subjectively, the patient noted that her 
exer cise capac ity increased, and most impor tant to her, she no 
lon ger needed to take a nap in the after noon.

Considerations on the role of pyru vate kinase acti va tion 
in the treat ment of thal as se mia
The pre clin i cal and clin i cal evi dence for pyru vate kinase acti va
tion in thal as se mia and other hemo lytic dis or ders like pyru vate 
kinase defi ciency and SCD thus far points to its effec tive ness at 
ame lio rat ing hemo ly sis brought on by oxi da tive stress. As such, 
one may sur mise that it may be more effec tive in thal as se mia 
geno types that result in a pre dom i nantly hemo lytic phe no
type (e.g., nonβ0/β0 thal as se mia or HbH dis ease). However, 
no dis tinct rela tion ship between geno type and hemo glo bin 
response could be gleaned from the phase 2 data of mitapivat 
in thal as se mia because 80% of patients met the pri mary end
point, despite their diverse thal as se mia geno type, as noted by 
Kuo et al.18 The fact that mitapivat also improved inef fec tive 
eryth ro poi e sis in Hbbth3/+ mice sug gests that mitapivat may 
have com pa ra ble effi cacy in patients whose path o phys i  ol ogy 
is dom i nated by inef fec tive eryth ro poi e sis. The ongo ing phase 
2 and 3 tri als may pro vide fur ther insight into how pyru vate 
kinase acti va tion may be effec tively used in the treat ment of 
patients with thal as se mia.

Conclusion
Despite advances in the under stand ing in the path o phys i  ol ogy 
of thal as se mia, treat ment of patients with NTDT, and in par tic u
lar αthal as se mia, remains sup port ive. Luspatercept is the only 
approved treat ment for patients with TDT aside from trans fu sion. 
Pyruvate kinase acti va tion was  able to increase hemo glo bin con
cen tra tion and reduce hemo ly sis in the major ity of the patients 
with thal as se mia in the phase 2 study, despite their diverse 
geno typic het ero ge ne ity, which pro vi des the proof of con cept 
that sup pres sion of hemo ly sis may improve the pathol ogy of 
both α and βthal as se mia. The ongo ing phase 3 tri als of mitapi
vat and the phase 2 tri als of etavopivat in α and βthal as se mia 
will deter mine whether pyru vate kinase acti va tion will improve 
patientimpor tant out comes by assessing their func tional and 
qual ityoflife impact beyond change in hemo glo bin and mark
ers of hemo ly sis and eryth ro poi e sis.
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