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 30-35min presentation (30 slides max)  + 15 min Q&A session

 Microphones will be muted by host to avoid back noise

 Please, stop your video to improve internet conexion

 Send your questions during the presentation through the chat, they will be 

gathered and answered after the presentations.

Practical issues before starting



1. PK Deficiency shares the clinical picture with many other hereditary hemolytic anemia’s

2. Many complications go unnoticed untill irriversible damage has been done

3. Screening for possible complications should be considered

(there is often treatment available )

4. This is also applicable for so called “mild” transfusion independent PK Deficiency

NO learing objectives:

1. Diagnosis of PK Deficiency

2. Specific Neonatological/Paediatric aspects of PK Deficiency

Learning objectives of the webinar



1. Disclosures/ Personal info

2. Introduction

3. Organ damage

4. When to transfuse

5. When to chelate

6. When to splenectomize

7. Stem cell transplantation

8. New treatment options:
1. Mitapivat

2. Gene therapy

9. Acknowledgements and Q&A
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Lancet, 15 dec 2012, 4 jan 2013



Years Lived with Disability 

(YLD) 

Lancet, 15 dec 2012, 4 jan 2013
Icons: C Shannon, J Cabesaz, A Coscovelnita, M Vanco.

6,916,000,000

772,000,000

2010

21,000,000
29,000,000
68,000,000



Global causes of anemia YLD: 

regional ranking 



Causes of hereditary anemia:



Causes of hereditary hemolytic anemia (HHA)

Hemoglobin disorder:
Hemoglobinopathies
Thalassemia’s

Red cell enzyme disorders (non-sperocytic HHA):
G6PD- Deficieny
Pyruvate Kinase Deficieny

Red cell membrane disorders :
Spherocytosis
Stomatocytosis

Other:
Congenitale dyserythropoietic anemia’s
(CDA)



courtesy Richard van Wijk : R.vanWijk@umcutrecht.nl



Pyruvate kinase (PK)

• Key enzyme of glycolysis: sole source of

energy for the red blood cell 

• Catalyses the irreversible phosphoryl group

transfer from phosphoenolpyruvate to ADP

pyruvate + ATP

van Wijk. Blood (2005)  courtesy Richard van Wijk : R.vanWijk@umcutrecht.nl





The various forms of 
of

Hereditary hemolytic anemia
are

rare.

Hereditary hemolytic anemia

is

common.



• How severe is mild?
How 

Do I

Diagnose
Hereditary hemolytic anemia?



https://www.eurobloodnet.eu/education/webinars/8/recomme
ndations-on-pyruvate-kinase-deficiency-diagnosis

5th March Eurobloodnet webinar:

Dr Paola Bianchi: Recommendations on pyruvate kinase deficiency

PK-deficiency:  R.vanWijk@umcutrecht.nl (free service)

How 
Do I

Diagnose
Hereditary hemolytic anemia?

https://www.eurobloodnet.eu/education/webinars/8/recommendations-on-pyruvate-kinase-deficiency-diagnosis


• How severe is mild?

Organ damage



Patients with the same genotype 

have different phenotypes

phenotype



Asplenia

Gallstones

Iron Overload

Extra-medullary

Hematopoiesis

Cardiomyopathy

Pulmonary

hypertension

Hearing problems?

Stroke?

Nefropathy

Leg ulcers

Osteonecrosis

Endocrinopathy

Osteoporosis

Liver cirrhosis

Cardiac arrhythmia

Retinopathy?





• How severe is mild?Do all patients with

Hereditary
anemia

Share the same problems?



Asplenia

Gallstones

Iron Overload

Extra-medullary

Hematopoiesis

Cardiomyopathy

Pulmonary

hypertension

Hearing problems?

Stroke

Nefropathy

Leg ulcers

Osteonecrosis

Endocrinopathy

Osteoporosis

Liver cirrhosis

Cardiac arrhythmia

Retinopathy?
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ERT: Ever Regularly Transfused; NRT: Never Regularly Transfused (but transfused at least once); NT: Never Transfused. All comparisons are based on 2-sided Fisher’s exact test

*p<0.05 for PK Deficiency NHS population versus matched general population; †p<0.001 for PK Deficiency NHS population versus matched general population

Adults with PK Deficiency Had Higher Rates of Splenectomy, 
Cholecystectomy and Gallstones Over the Previous 8 Years
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0

10

20

30

0.2

3.6 4.34.9

13.1

16.9

3.7 3.7

22.2

10.0

16.7

10.7

3.1

15.4

17.5

R
a

te
 (

%
)

*

*

*

†

*

*

†

†

†

Conditions/procedures in previous 8 years
ERT

NRT

NT

All PK Deficiency
Patients

General Population

Comparisons with the General Population

Boscoe A, Yan Y, Hedgeman E, et al.. ASH 2019, Poster #2175. (courtesy: dr. Hanny Al-Samkari, Harvard, USA)
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Adults with PK Deficiency had Higher Lifetime Rates of 
Pulmonary Hypertension, Osteoporosis and Liver Cirrhosis

ERT: Ever Regularly Transfused; NRT: Never Regularly Transfused (but transfused at least once); NT: Never Transfused. All comparisons are based on 2-sided Fisher’s exact test

*p<0.05 for PK Deficiency NHS population versus matched general population; †p<0.001 for PK Deficiency NHS population versus matched general population

Pulmonary Hypertension Osteoporosis Liver cirrhosis
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Organ damage in Hereditary Nonspherocytic Hemolytic Anemia (HNSHA)



• Microalbuminuria

• Osteoporosis

• Endocrine problems

• Iron overload

• Heart failure

• Leg Ulcers

• Vitamin and Zinc deficiency

• EMH

• ACE-inhibition

• Bisphosphonates

• Suppletion

• Chelation

• Blood transfusion, specific

therapy

• Topical nitroglyceride, 

transfusion

• Suppletion

• Blood transfusion

Treatment of organ damage: examples and

suggestions (use Eurobloodnet expertise):



Organ damage
in

Hemolytic anemia including PKD
is

underdiagnosed
and 

prevalent



How to 

recognise

iron overload
in 

your patients



Iron overload in Pyruvate kinase 
deficiency

van Beers et al.  Haematologica 2019

A. Ferritin based B. MRI based



Ferritin versus LIC in PK Deficiency

A. Ferritin based B. MRI based

van Beers et al.  Haematologica 2019
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Sensitivity of ferritin combined with transferrin saturation to predict
iron overload.

PKD –NHS study:
“In patients with a transferrin saturation >45% or a ferritin 
>500 ng/ml, the sensitivity to predict LIC >3 mg/g DW was 
92%” 

Table 3: predictive value of ferritin, TSAT and LIC 

 ferritin ≥1000 ferritin ≥500 ferritin ≥500 or 
TSAT≥45 

Total  
N=112 

LIC≥3 LIC≥7 LIC≥3 LIC≥7 LIC≥3 
N=51 

LIC≥7 

Sensitivity 41% 58% 76% 92% 87% 100% 
Specificity 100% 95% 97% 78% 67% 50% 
PPV 100% 90% 98% 76% 89% 66% 
NPV 46% 75% 67% 93% 62% 100% 
Never 
transfused  
N=22 

LIC≥3 LIC≥7 LIC≥3 LIC≥7 LIC≥3 
 
N=14 

LIC≥7 

Sensitivity 8% 0% 54% 100% 60% 100% 
Specificity 100% 95% 100% 75% 75% 58% 
PPV 100% 0% 100% 29% 86% 29% 
NPV 43% 90% 60% 100% 43% 100% 
Transfusion 
independent 
N= 49 

LIC≥3 LIC≥7 
 

LIC≥3 LIC≥7 LIC≥3 
 
N=22 

LIC≥7 

Sensitivity 8% 13% 50% 88% 71% 100% 
Specificity 100% 97% 100% 88% 73% 60% 
PPV 100% 50% 100% 58% 77% 38% 
NPV 47% 85% 68% 97% 67% 100% 
Transfusion 
dependent 
N=60 

LIC≥3 LIC≥7 LIC≥3 LIC≥7 LIC≥3 
 
N=26 

LIC≥7 

Sensitivity 56% 66% 90% 92% 96% 100% 
Specificity 100% 91% 92% 59% 0% 17% 
PPV 100% 93% 98% 80% 96% 80% 
NPV 36% 61% 69% 81% 0% 100% 

Test performed: Spearman correlation 

 

Van Straaten  et al. Am J Hematol 2019
Van Beers et al. Haematologica 2019

“At a ferritin cut off of 500 ng/mL, the sensitivity for LIC >3 mg/g 
DW was 90% and the specificity was 67%”



Consider to diagnose  

iron overload
by 

MRI 
in all with

TSAT>45%

or

Ferritin>500



When to

Transfuse



• Controversial topic

• Traditionally: very tolerant to anemia…

• But 2-3 dpg levels are comparable to SCD e.g.

• Aging patient with complications differs from younger

patient without complications

• Depends on “needs” or “activity” of patient

• Good chelation is available; iron overload is not a major 

decision driver

• Antibody formation no major issue when extended

matching is performed

• No specific target hemoglobin. (e.g. do not use

Thalassemia targets)

Considerations when to transfuse

in PK deficiency



Organ damage and treatment in 

thalassemia intermedia

Taher et al. Blood 2010



Considering to

transfuse
is a 

personalized medicine

shared decision



When to

Splenectomize



Consider 

splenectomy 
if patient is 

transfusion-dependent 
or 

severely anemic

Iolascon et al. Haematologica 2017



Stem cell 

transplantation

in pyruvate kinase 

deficiency 



Survivor Non-survivor P value

Age in years 7.5 – 3.0 (0.8-41) 17.4 – 15.2 (6-39) 0.036*

Asian hospital 8/11 (73%) 0/5 0.026*

Splenectomy performed 3/11 (27%) 4/5 (80%) 0.106

Mena Hb (g/dL) (N=13) 6.0 – 5.5 (4,5-7,9) 7.1 – 6.9 (6.0-8.1) 0.112

Pre-transplant ferritin (ng/ml) (n=12) 804 – 771 (206-1650) 2167 – 675 (596-7026) 0.432

Myeloablation 6/11 (55%) 4/5 (80%) 0.588

Graft type 0.507

MSD 2/11 (18%) 0/5

MUD 6/11 (55%) 3/5 (60%)

CORD 2/11 (18%) 0/5

MFD 1/11 (9% 2/5 (40%)

Transplant source 0.333

Bone marrow 4/11 (36%) 4/5 (80%)

Peripheral blood 5/11 (45%) 1/5 (20%)

Cord blood 2/11 (18%) 0/5

GvHD 0.015*

None 7/11 (64%) 0/5

Grade 1 1/11 (9%) 0/5

Grade 2 1/11 (9%) 0/5

Grade 3 0/11 1/5 (20%)

Grade 4 2/11 (18) 4/5 (80%

Results of stem cell transplantation in PK-deficiency 

Straaten et al. Haematologica 2018 



Results of stem cell transplantation in PK-deficiency 
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Stem cell transplantation
can be

curative treatment,
in 

pyruvate kinase deficiency, 

but…



New treatment 

options?



DRIVE PK New England Journal of Medicine Publication



Demographics

Grace RF,, et al. New England Journal of Medicine. 2019; 381(10):933-944



Average Change in Hemoglobin by PKLR Genotype

48

*Patients homozygous for R479H.

• 50% (26/52) of patients had an increase from baseline of more than 1.0 g/dL in Hemoglobin (Hb) level

– Mean maximum increase in the Hb was 3.4 g/dL (range 1.1 – 5.8 g/dL)

– Median time until first observed increase of >1.0 g/dL in Hb was 10 days (range 7 to 187 days)

– All patients who had an average hemoglobin increase from baseline of >1.0 g/dL had at least one missense PKLR mutation

Grace RF,, et al. New England Journal of Medicine. 2019; 381(10):933-944



Average Change in Hemoglobin by PK-R Protein Level

49

*Patients homozygous for R479H. 

Grace RF,, et al. New England Journal of Medicine. 2019; 381(10):933-944



• How severe is mild?

Gene therapy
in

pyruvate kinase 
deficiency

Courtesy: dr. J.C. Segovia
jc.segovia@ciemat.es

mailto:jc.segovia@ciemat.es


Efficacy of PK deficiency gene therapy in mouse model

• Improved hematological parameters:
• Reb blood cell counts
• Hemoglobin
• Hematocrit
• Retyculocytosis
• Erythrocyte half-life
• Erythropoietin levels
• Erythroid differentiation

Retyculocytes
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• Organs
• Spleen
• Liver

• Iron deposits
• Extramedullary hematopoiesis

Meza et al. Mol Ther 2009 Courtesy: dr. J.C. Segovia
jc.segovia@ciemat.es

mailto:jc.segovia@ciemat.es


29%

9%

37%

25%

Group 1:
Never regularly 
transfused
+/- acute transfusion

Group 2:
Regularly transfused
before splenectomy
Less anemic
Hg>8.7 gr/dl 

Group 3:
Regularly transfused
before splenectomy
Less anemic
Hg≤8.7 gr/dl 

Group 4:
Regularly transfused
after splenectomy

Who are the patients eligible for 
being enrolled?

Courtesy: dr. J.C. Segovia
jc.segovia@ciemat.es

mailto:jc.segovia@ciemat.es


In vitro
transduction

Viral vector

cryopreservation

Corrected
stem cells

Peripheral 
blood harvest

Intravenous infusion 
of corrected cells

Hematopoietic
Stem cells

CD34+

Purification

Hematopoietic stem cell
mobilization

G-CSF + plerixafor

Testing/release
while frozen

Hematopoietic
conditioning

(myeloablation)

Severe PKD
patient

(Still transfusion
dependent

after splenectomy)

Overview of the clinical protocol

Courtesy: dr. J.C. Segovia
jc.segovia@ciemat.es

mailto:jc.segovia@ciemat.es
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1. PK Deficiency shares the clinical picture with many other hereditary hemolytic anemia’s

2. Many complications go unnoticed untill irriversible damage has been done

3. Screening for possible complications should be considered

(there is often treatment available )

4. This is also applicable for so called “mild” transfusion independent PK Deficiency

Take Home





Supplemental slides



Pyruvate kinase deficiency mouse model 

Mouse strain
Erythrocyte parameters

Healthy mouse PKD mouse

HGB 13,8 g/dL 9,7 g/dl

HCT 46,2% 38,9%

RBC 10,5 x 1012/L 6,39 x 1012/L

Healthy PKD

Acb55 (B19) mouse

strain: pklr -/- Anemia

Reticulocytosis

Splenomegaly

Min-Oo, G. et al., Nature Genetics 2003 
(4): 357-62
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Healthy
gene

HEMATOPOIETIC STEM CELLS CORRECTED BY 
THE THERAPEUTIC VECTOR

EU/3/14/1330

DRU-2016-5168

Orphan Drug Designation

Towards a gene therapy clinical trial for PKD



DRIVE PK: Phase 2, Open Label, Randomized Study of Safety and 
Efficacy in Patients with PK Deficiency

Study design 

Not regularly transfused = no more than 3 units of red blood cells transfused in the 12 months prior 

to the first day of study dosing and no transfusions within 4 months of the first day of study dosing

All patients provided written informed consent 

2,3-DPG = 2,3-diphosphoglycerate; BID = twice daily; PD = pharmacodynamic

Grace RF, Rose, C, Layton DM, et al.  Safety and Efficacy of Mitapivat in Pyruvate Kinase Deficiency.  New England Journal of Medicine. 2019; 381(10):933-944



Patient Disposition by Randomized Dose 

61

• 52 Entered Core Period

• 43 Completed Core

• 36 Entered Extension

• 19 Ongoing

Grace RF, Rose, C, Layton DM, et al.  Safety and Efficacy of Mitapivat in Pyruvate Kinase Deficiency.  New England Journal of Medicine. 2019; 381(10):933-944



Safety Findings

• The vast majority of AEs were:

– CTCAE Grade 1 or 2 

– Non-serious events

– Transient

– Self-limiting 

• No clinically meaningful trends in BMD (total hip, total lumbar spine, and femoral neck) were evident over 

median of 17 months

• Changes from baseline in sex hormone levels, the result of off-target aromatase inhibition, were observed in 

males, with most values of testosterone and estradiol remaining within the normal range

• Interpretation of sex hormone data in females was confounded by variability in menopausal status and 

hormonal contraception use, and is the subject of further investigation  

62 Grace RF, Rose, C, Layton DM, et al.  Safety and Efficacy of Mitapivat in Pyruvate Kinase Deficiency.  New England Journal of Medicine. 2019; 381(10):933-944



Most Common Adverse Events

63

*Headache was transient and generally resolved within several days. †Insomnia typically occurred within 14 days of initiating mitapivat, was self-resolving (generally <7 days) and was not unexpected on the basis of 

off-target antagonistic or inverse agonist activity against the histamine H3 receptor. ‡Hot flush events were transient and generally reported within the first 7 days of treatment and resolved without treatment within 3 

days. Events did not correspond to changes in hormone levels or correlate with age or sex.   

Grace RF, Rose, C, Layton DM, et al.  Safety and Efficacy of Mitapivat in Pyruvate Kinase Deficiency.  New England Journal of Medicine. 2019; 381(10):933-944



Taher et al. Blood 2010


