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TO THE EDITOR:

Pyruvate kinase (PK) deficiency is the most common cause of hereditary non-
spherocytic hemolytic anemia and is characterized by considerable genotypic
heterogeneity with over 350 documented pathogenic mutations in the PKLR gene.!?
Clinical manifestations range from a mild, asymptomatic well-compensated anemia to a
severe transfusion-dependent hemolytic anemia from birth.34 Other complications of PK
deficiency include iron overload, pulmonary hypertension, endocrinopathies, liver
failure, biliary disease, and extramedullary hematopoiesis, among others.3+
Splenectomy, a common supportive treatment, may partially ameliorate the anemia and
reduce transfusion requirements.®> Hemoglobin concentrations correlate poorly with
symptoms in PK deficiency;® therefore, transfusion requirements are typically used to
classify disease severity, with those who are regularly transfused (often labeled
“transfusion-dependent”) despite splenectomy assumed to be the most severely-
affected subgroup. Our understanding of the clinical characteristics of this most severe
subgroup is quite limited. Therefore, in this study, we aimed to describe the differences
in clinical characteristics and disease complications between regularly transfused
splenectomized patients with PK deficiency and those who were also splenectomized
but did not require regular transfusions. As is observed in other hereditary hemolytic
anemias, we hypothesized that patients with pyruvate kinase deficiency requiring

regular transfusions would have higher rates of disease complications.
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Using data collected from the Pyruvate Kinase Deficiency Natural History Study
(PKD NHS),® a prospective, international 30-site observational study, we aimed to
compare demographics, complications, and laboratory results between two groups of
patients with PK deficiency, defined by their clinical severity. All participants in the PKD
NHS had molecularly confirmed PK deficiency and only splenectomized patients were
included in this analysis. Regular transfusions were defined as 26 discrete red cell
transfusion episodes per year. Transfusion frequency was observed over a 3-year
period (divided into three 1-year periods) post-splenectomy. Patients were categorized
into two groups based on transfusion frequency and splenectomy status. The most
severe PK deficiency phenotype group was defined as those who received regular
transfusions post-splenectomy. The comparison PK deficiency group did not receive
regular transfusions post-splenectomy. Phenotype stability over the 3-year period was
also assessed. Continuous parameters were compared between the two groups using
the Wilcoxon rank-sum test and binary parameters were compared using the Fisher’s
exact text. Different genotype classifications between the two groups were compared
using the Cochran-Armitage test.

Of the 255 patients enrolled in the PKD NHS, 154 splenectomized patients were
included in this analysis (30 patients in the most severe PK deficiency phenotype group
and 124 patients in the comparison PK deficiency group). Patients in the most severe

PK deficiency phenotype group were followed in 21 of the 30 participating centers.
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Results of the analysis comparing the two groups are described in Table 1. Given our
definition of disease-severity, the most severely affected patients were more likely to
have iron overload (93% vs. 51%, P<0.0001), have received chelation therapy (90% vs.
42%, P<0.0001), and have had more lifetime transfusions (median: 77 versus 15,
P<0.0001) than the comparison PK deficiency group. The most severe patients were
more likely to be female (77% versus 51%, P=0.013) and older at the time of
splenectomy (median age: 5 versus 3.6, P=0.011). Rates of other PK deficiency
complications including pulmonary hypertension, extramedullary hematopoiesis, liver
cirrhosis, endocrinopathy, and bone fracture appeared similar between the two groups.
Laboratory values, including hemoglobin, total bilirubin, normalized PK enzyme activity,
and median absolute reticulocyte count appeared similar between the two groups. In a
second analysis comparing the two groups but with exclusion of the Amish population
(N=52), findings were unchanged except that the age of splenectomy was no longer
significantly different (median: 5.1 vs. 4.9 years, P=0.96) between the most severe
versus comparator PK deficiency group. The underlying genetic mutation patterns
(missense mutations vs. non-missense, such as frameshift variants or deletions) also
appeared similar between the groups. Phenotype over time was fairly stable for patients
who met the criteria for the comparator group at the time of enroliment, but variable for
patients who met the criteria for most severe at enrollment, year 1, or year 2 (Table 2).

Many of the latter patients alternated severity level from year-to-year; just six (27%) of
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the 22 patients who were most severe at any time point met the definition of most
severe at all three time points.

In summary, splenectomized patients with PK deficiency who are not regularly
transfused appear to have similar rates of PK deficiency-associated complications
(except for iron overload) and similar relevant laboratory values and genotypes when
compared to those who are regularly transfused. If severe hemolysis results in higher
rates of PK deficiency complications and hemolysis severity drives transfusion
frequency, the findings of this study are counterintuitive, in that iron overload (and
associated chelation therapy, an expected complication of transfusions), was the only
PK deficiency complication more common in the most severe phenotype group. The
similarity observed between the most severe phenotype patients and comparison PK
deficiency patients could result from a protective effect of transfusion, as has been
described in thalassemia intermedia.” It could also suggest transfusion-dependence
does not truly reflect disease severity, but is reflective of varying provider practices
and/or patient symptoms. The latter hypothesis is supported by the fact that many
patients classified as severe at baseline no longer met criteria for this classification one
and two years later, demonstrating that transfusion requirements in patients with PK
deficiency fluctuate significantly over time. Transfusion-dependence, therefore, does not
necessarily imply a worse clinical outcome in PK deficiency. Furthermore, there are no

transfusion guidelines for PK deficiency to help determine a universal transfusion
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threshold. Early in life, transfusion requirements often decrease with age likely due to
fewer infection-associated hemolytic episodes, timing of splenectomy, and age-
differences in tolerance of anemia. The opposite is sometimes seen later in life, with
transfusion requirements increasing during middle-age, possibly due to physiologic age-
related decline in cardiopulmonary fitness. Physiologic determinants of severity of
disease in PK deficiency likely significantly relate to intrinsic red cell factors, such as PK
protein levels® or non-PKLR red cell gene variants, of which transfusion requirements
may be a poor surrogate.

Our analysis is limited by the lack of a standard threshold in patients with PK
deficiency for the number of transfusions per year that meet criteria for regularly
transfused. Use of a stricter definition (27 transfusions per year) would have significantly
diminished the small sample size making comparisons between the two groups difficult
and likely diminished the relevance of the analysis as it would be defining a rather niche
group in an already rare disease. Furthermore, the indication and goals for initiating
(and discontinuing) regular transfusions, for example to treat a complication or improve
subjective symptoms, were not collected.

In conclusion, the most severely affected patients with PK deficiency defined as a
requirement for regular RBC transfusions following splenectomy have a similarly high
rate of disease complications and laboratory abnormalities as splenectomized patients

not requiring regular transfusions, with the exception of higher rates of iron overload.
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Transfusion requirements seem to fluctuate considerably over time and are not a valid
marker of disease severity in PK deficiency. A prospective study of a universal
transfusion protocol may be useful in understanding the role of transfusions in the

management of patients with PK deficiency.
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TABLES

Table 1. Demographics, clinical characteristics, and laboratory characteristics of the most
severe phenotype PK deficiency group vs. the comparison PK deficiency group (n=154
splenectomized patients with PK deficiency).

Most severe PK Comparison PK deficiency P value**
deficiency phenotype: group:
Splenectomized Splenectomized patients
patients receiving not receiving regular
regular transfusions, transfusions, N=124
N=30
N* Median (range) | N* Median (range) or
or n (%) n (%)
Age at diagnosis (years) 29 0.7 (0-47.6) 117 0.2 (0-42.3) \ 0.2
Age at enrollment (years) 30 26.2 (1.4-58.5) | 124 22.7 (0.3-60.4) 0.95
Gender 30 122 0.013
Female 23 (77%) 63 (51%)
Male 7 (23%) 61 (49%)
Amish 30 1 (3%) 124 51 (41%) <0.0001
Splenectomy 30 30 (100%) 124 124 (100%) \ -
Age at splenectomy (years) 30 5 (1.6-25.8) 124 3.6 (0.4-37.8) 0.011
Median hemoglobin post- 29 8.6 (6.3-11) 122 8.8 (6.5-12.3) 0.3
splenectomy (g/dL)®@
Mean total bilirubin at 24 3.5(1.3-11) 104 3.9 (1-17.6) 0.95
enrollment (mg/dL)®@
Median lactate 17 283.5 (142- 57 215 (144-1007) 0.2
dehydrogenase at enrollment 1043)
(U/L)
Median absolute reticulocyte 17 1.2 (0-681) 56 0.8 (0.1-1274.6) 0.09
count (x 10° cells/uL)®
Pulmonary hypertension 30 3 (10%) 122 5 (4%) 0.2
Extramedullary 29 3 (10%) 121 21 (17%) 0.6
hematopoiesis
Liver cirrhosis 30 2 (7%) 122 5 (4%) \ 0.6
Endocrinopathy
Growth Hormone Deficiency 30 1 (3%) 124 4 (3%) 1
Hypoparathyroidism 30 2 (7%) 124 2 (2%) 0.2
Hypogonadal Hypogonadism 30 1 (3%) 124 1 (1%) 0.4
Thyroid Disease 30 5 (17%) 122 7 (6%) 0.06
Diabetes 30 2 (7%) 124 2 (2%) 0.2
Bone fracture (any) 30 7 (23%) 124 27 (22%) \ 0.8
11
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History of iron chelation 30 27 (90%) 124 52 (42%) <0.0001
Iron overload (defined by 30 28 (93%) 108 55 (51%) <0.0001
maximum ferritin >1000 ng/ml
and/or iron chelation)
Total number of lifetime 29 77 (10-544) 121 15 (0-492) <0.0001
transfusions
Normalized PK enzyme 15 -50 (-123.3- 31 -48.5 (-201.6-56.6) 0.5
activity*** (%) at enroliment 117.6)
Genotype groups**** 29 72 0.7
M/M 14 (48%) 37 (51%)
M/NM 8 (28%) 21 (29%)
NM/NM 7 (24%) 14 (19%)

*Sample sizes are those with known data for the given characteristic.

@ Pre-transfusion values

M: missense, NM: non-missense

**Using Wilcoxon rank-sum test for continuous parameters, Fisher’'s exact test for binary
parameters, and Cochran-Armitage Trend Test for the genotype groups comparison.

***The normalized PK activity was calculated as: [(PKobs - PKLL) X 100] / (PKuc - PKLL) where
PKobs is the observed PK enzyme value, and PK._ and PKy. are the lower and upper limits of
the reference range, respectively.

****Analysis excluded Amish patients.

Table 2. Severity status of splenectomized patients with PK deficiency at three time-points
(enroliment, first follow-up year, second follow-up year), for patients with known severity status
at all three time-points (N=116).

12
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Subgroup Most Most Most n (%) Comment

severe at severe at severe at

enrollment | Year 1 Year 2
Comparator | No No No 94 (81%) Not most severe at all
PK time-points
deficiency
group
Most severe | No No Yes 5 (4%)
PK

0

deficiency No Yes No 2 (2%)
group No Yes Yes 3 (3%)

Yes No No 3 (3%)

Yes Yes No 3 (3%)

Yes Yes Yes 6 (5%) Most severe at all time-

points
13
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