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ABSTRACT

Background: Paroxysmal nocturnal hemoglobinuria (PNH) is a rare hematologic disorder
caused by uncontrolled terminal complement activation, which leads to intravascular
hemolysis (IVH), thromboembolism (TE), renal failure, and premature mortality.

Methods: We performed a secondary analysis of data collected from patients enrolled in the
Korean National PNH Registry to assess the relative importance of risk factors, specifically
lactate dehydrogenase (LDH) and hemoglobin (Hb), in predicting the incidence of TE,
impaired renal function, and death in complement inhibitor-naive patients with PNH.
Results: Multivariate regression modeling indicated that LDH > 1.5 x upper limit of normal
(ULN), male sex, and pain were associated with increased risk of TE (P =0.016, 0.045, and
0.033, respectively), hemoglobinuria and pain were associated with an increased risk of
impaired renal function (P=0.034 and 0.022, respectively), and TE was associated with an
increased incidence of death (P < 0.001). Hb < 8 g/dL was not a predictor of TE, impaired
renal function, or death in multivariate regression analyses. Standardized mortality ratio
analysis indicated that LDH 2 1.5 x ULN (P < 0.001), Hb < 8 g/dL (P < 0.001), and Hb > 8 g/dL
(P=10.004) were all risk factors for death; in contrast, patients with LDH < 1.5 x ULN had
similar mortality to the general population.

Conclusion: In complement inhibitor-naive patients with PNH, LDH > 1.5 x ULN was

a significant predictor of TE, and TE was a significant predictor of death. Hb was not a
significant predictor of TE, impaired renal function, or death. Therefore, controlling IVH will
improve clinical outcomes for patients with PNH.
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INTRODUCTION

Paroxysmal nocturnal hemoglobinuria (PNH) is a rare, progressive, and life-threatening
disease associated with uncontrolled terminal complement activity on blood cells, resulting
in intravascular hemolysis (IVH), a risk of thromboembolism (TE) events, organ damage,
and premature mortality.1”7 Patients with PNH experience debilitating clinical signs and
symptoms, such as hemoglobinuria, abdominal and chest pain, anemia, and fatigue.1,4,5812
The most common causes of death in patients with PNH are TE and renal failure, accounting
for 40-67% and 8-18% of all PNH-related deaths, respectively.1,9,13,14

Lactate dehydrogenase (LDH) and hemoglobin (Hb) levels are two parameters used to
monitor patients with PNH.15 Elevated levels of LDH in patients with PNH indicate IVH,
with LDH > 1.5 x upper limit of normal (ULN) associated with a significantly higher risk of
TE.16,17 Low Hb levels indicate anemia, which can be caused by impaired erythropoiesis
and hemolysis in the PNH population. However, it can be difficult to distinguish between
these two contributors to anemia in patients with PNH without additional assessments of
reticulocyte counts and LDH levels.1

Previously conducted retrospective studies, which included patients enrolled as part of the Korean
National PNH Registry who had never received targeted treatment with a complement inhibitor,
identified elevated LDH levels (> 1.5 x ULN) as associated with increased risk of TE and possibly
mortality.14171 However, the association between low Hb levels and mortality, renal function,

or TE has not been studied within the PNH population. Previous studies have demonstrated a
relationship between low Hb levels and poor renal function or TE in other conditions.2022

Although IVH is an important contributor to anemia in PNH, there are limited real-world data
on the relationship between LDH and Hb levels, and clinical outcomes in PNH. The primary
objective of this study was to evaluate the key biomarkers, LDH and Hb, in predicting the
incidence of TE, impaired renal function, and death in patients with PNH who had not been
treated with complement inhibitors. Secondary objectives were to evaluate the relationship
between LDH and Hb with long-term outcomes, and to estimate the standardized mortality ratio
(SMR) of patients with PNH in comparison with an age- and sex-matched Korean population.

METHODS

Study design

This was a secondary analysis of a cohort study with data collected from the Korean National
PNH Registry. Data were collected from patients with PNH enrolled in the registry prior to
complement inhibitors being approved for use in South Korea (enrollment period: between
July 2009 and November 2010). Although the patients were enrolled into the registry between
2009 and 2010, data from 1983-2009 were retrospectively collected using medical history
data from before PNH diagnosis to registry enrollment.

Data source

The Korean National PNH Registry is a web-based system established by the Aplastic Anemia
Working Party of the Korean Society of Hematology. There are nine participating institutions,
which cover approximately 96% of the Korean PNH population. Patient data in the registry
were captured using an electronic medical record form that collects patient demographics,
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medical history, and PNH-specific information, including erythrocyte and granulocyte clone size,
symptoms and complications, laboratory values, treatment and, where applicable, cause of death.

Study population

The study population has been described previously and included patients with a confirmed
diagnosis of PNH by flow cytometry. In patients diagnosed before the establishment of flow
cytometry, a positive Ham or sucrose-lysis test was used to confirm PNH.14,23 Only patients
from the full data set with known LDH and Hb levels were included in the present analysis.
None of the patients included in the study had received complement inhibitor treatment.

Patients were stratified by LDH level at diagnosis, with IVH defined as LDH > 1.5 x ULN,

and lowest level of Hb within 2 months of diagnosis. Hb levels were stratified as Hb < 8 g/dL
and Hb > 8 g/dL.23 Classic PNH was defined as patients with clinical evidence of IVH, but no
evidence of other bone marrow disorder.1# PNH-cytopenia was defined as patients with PNH
in the setting of other bone marrow disorder (with or without evidence of IVH). Subclinical
PNH was defined as patients with neither clinical nor biochemical evidence of IVH.

Outcomes

Outcomes assessed included TE events, impaired renal function, and mortality. TE included
venous and arterial events that occurred 6 months before diagnosis of PNH and after diagnosis
of PNH. TE events occurring before PNH diagnosis were included in the risk factor and
mortality analyses because these events were necessary to establish the PNH diagnosis.
Impaired renal function was defined as acute renal failure or estimated glomerular filtration
rate less than 60 mL/min/1.73 m? at diagnosis.

Statistical analyses

Patient demographics and clinical characteristics were summarized using descriptive
statistics. Univariate and multivariate regression modeling tested the extent to which risk
factors including LDH > 1.5 x ULN and Hb < 8 g/dL predict TE, impaired renal function, and
death. SMRs were calculated as a ratio of observed deaths in the PNH population to expected
deaths of age- and sex-matched individuals in the general Korean population for the same
follow-up period studied. This period ranged from 1983 to 2009, the year when the first
patient in the cohort was diagnosed with PNH and the end of follow-up, respectively. Korean
National Mortality rates were provided for each year in the relevant period from Statistics
Korea (www.kostat.go.kr), as previously described.* Number and percent of missing data
were reported; no imputation was made for missing data in the original data source.

Ethics statement

This study was conducted in accordance with the Declaration of Helsinki, as well as local
regulations for human subject research. The study protocol was reviewed and approved by
the Institutional Review Board of participating institutions and of The Catholic University of
Korea (KC21ZSDEO0735). Informed consent was waived by the board.

RESULTS

Patient characteristics
In total, 301 patients were included in the study, the median (interquartile range, IQR) age at
diagnosis was 37.0 (27.0-50.2) years and 48.8% (n = 147) were female; median (IQR) follow-up

https://doi.org/10.3346/jkms.2024.39.e81 3/10


http://www.kostat.go.kr

Relationship of LDH, Hemoglobin, and Outcomes in PNH

JKMS

since diagnosis was 6.6 (3.2-11.2) years (Table 1). Demographics and baseline characteristics for
the 217 patients with known LDH and Hb levels were comparable to the full cohort.

At diagnosis, 52.2% of patients (n = 157) were categorized as having classic PNH, 46.8% (n =141)
as having PNH-cytopenia, and 1.0% (n = 3) had subclinical PNH. In addition to the diagnosis
of PNH, bone marrow disorders were reported in 47.8% of patients either before or after
diagnosis of PNH. Of these, 41.5% of patients had a history of aplastic anemia and 6.3% of
patients had a history of myelodysplastic syndrome. The most frequently reported symptoms
or complications related to PNH were hemoglobinuria (56.8%), pain (55.8%), and abdominal

pain (47.2%). To note, general pain consisted of myalgia, and excluded abdominal pain.

In total, 50 patients (16.6%) experienced 74 TE events, which occurred at both venous and
arterial sites (Supplementary Table 1). Most patients (43 [86.0%]) experienced TE events
after PNH diagnosis (64 events [86.5%]). Of the 10 events (13.5%) that occurred in 7 patients
(14.0%) pre-diagnosis of PNH, 9 (90%) took place within 43 days of the diagnosis. The event
that took place 125 days pre-diagnosis was followed by an event 36 days pre-diagnosis in

Table 1. Patient demographics stratified by levels of LDH and Hb and TE event pre- and post-PNH diagnosis date

Characteristics Full study Patients with Stratified by LDH Stratified by Hb Stratified by TE event timing in
cohort known LDH relation to diagnosis®
(N=301) andHblevels <1,5xULN »>1.5xULN Pvalue >8g/dL  <8g/dL Pvalue Pre-diagnosis® Post-diagnosis®
(n=217) (n=52) (n=165) (n=106) (n=111) (n=7) (n=43)
Demographics
Median (IQR) age at diagnosis, 37.0 37.0 39.0 37.0 0.700 37.0 36.0 0.872 59.0 33.5
yr (27.0-50.2) (27.0-50.0) (27.0-52.0) (26.8-48.0) (25.8-51.0) (27.0-46.0) (41.5-66.0)  (24.5-50.5)
Female, n (%) 147 (48.8) 109 (50.2) 29(55.8) 80(48.5) 0.418 55(51.9) 54(48.6) 0.781 2 (28.6) 16 (37.2)
Median (IQR) follow-up, years 6.6 6.5 4.6 7.1 0.001 7.0 5.4 0.046 5.4 7.1
(3.2-11.2) (3.1-11.0) (1.9-6.7) (3.4-11.8) (3.5-11.7) (2.4-9.4) (1.9-8.0) (3.4-12.8)
Concomitant treatment, n (%)
Corticosteroids 933(77.4) 171(78.8) 32(61.5) 139(84.2) <0.001 82(77.4) 89(80.2) 0.732 6(85.7) 40 (93.0)
RBC transfusion 178 (59.1) 131(60.4) 33(63.5) 98(59.4) 0.719 50(47.2) 81(73.0) <0.001  4(57.1) 37 (86.0)
NSAIDs 66 (21.9)  51(23.5)  5(9.6) 46(27.9) 0.012 21(19.8) 30(27.0) 0.274 3(42.9) 29 (51.2)
Immunosuppressive treatment 62 (20.6) 45(20.7) 10(19.2) 35(21.2) 0.912 18(17.0) 27(24.3) 0.244 0(0.0) 17 (39.5)
Anticoagulants 44 (14.6) 35(16.1) 1(1.9) 34(20.6) <0.001 19 (17.9) 16(14.4) 0.604 5(71.4) 23 (53.5)
Opioids 39 (13.0) 28(12.9)  2(3.8) 26(15.8) 0.031  9(8.5) 19(17.1) 0.091 0(0.0) 13 (30.2)
Bone marrow transplant 37 (12.3) 26 (12.0) 7(13.5) 19(11.5) 0.895 13(12.3) 13(11..7) 1.000 0(0.0) 10 (23.3)
Median (IQR) PNH clone sizes (%)
Granulocyte 48.8 49.2 21.8 56.8  <0.001 45.9 56.0 0.154 46.4 53.5
(23.7-77.8) (25.6-76.6) (6.0-45.0) (32.5-81.7) (24.6-73.0) (29.0-79.6) (41.8-75.9)  (29.8-86.0)
RBC 27.9 27.0 7.5 33.0 <0.001 27.5 24.5 0.126 58.6 27.0
(9.0-51.9)  (7.9-50.5) (1.0-27.1) (13.6-54.8) (10.7-58.9) (4.7-46.4) (38.9-68.0)  (8.3-45.0)
PNH subgroups, n (%)
Classic PNH 157 (52.2) 115(53.0) 27(51.9) 88(53.3) 0.324 62(58.5) 53(47.7) 0.135 6 (85.7) 20 (46.5)
PNH-cytopenia 141 (46.8) 101 (46.5) 24(46.2) 77 (46.7) 44 (41.5) 57 (51.4) 1(14.3) 29 (51.9)
Subclinical PNH 3(1.0) 1(0.5) 1(1.9) 0(0.0) 0(0.0) 1(0.9) 0(0.0) 1(2.3)
LDH (x ULN)
Median (IQR) fold above ULN 4.0 3.9 - - - 3.9 4.1 0.881 3.0 4.9
(1.7-7.5)  (1.7-7.5) (2.0-6.8) (1.4-7.9) (2.6-8.8) (2.7-8.8)
<1.5x ULN 53 (17.6) 59 (24.0) - - - 292(20.8) 30(27.0) 0.356 0(0.0) 1(2.3)
>1.5x ULN 171(56.8) 165 (76.0) - - - 84(79.2) 81(73.0) 6(85.7) 34(79.1)
Hb (g/dL)
Median (IQR) 7.8 7.8 7.1 8.0 0.908 - - - 8.0 7.8
(6.3-9.7) (6.3-9.7) (6.2-10.5) (6.3-9.3) (6.9-10.0) (6.6-8.9)
>8g/dL 134 (44.5) 106 (48.8) 22 (42.3) 84(50.9) 0.356 o = o 4(57.1) 20 (46.5)
<8g/dL 139 (46.2) 111 (51.2) 30(57.7) 81(49.1) = = = 3 (42.9) 20 (46.5)

Bold indicates statistical significance at the 5% level.
Hb = hemoglobin, IQR = interquartile range, LDH = lactate dehydrogenase, NSAID = non-steroidal anti-inflammatory drug, PNH = paroxysmal nocturnal
hemoglobinuria, RBC = red blood cell, TE = thromboembolism, ULN = upper limit of normal.
2A patient who experienced a TE event both pre- and post-diagnosis was included in the ‘Pre-diagnosis’ group and excluded from the ‘Post-diagnosis’ group.
®Time from TE event to PNH diagnosis ranged from O to 125 days.
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the same patient. Among the 43 patients (14.3%) from the full data set who died during
the study, the most common cause of death was sepsis/infection (14 patients [32.6%])
(Supplementary Table 2).

Among 217 patients with recorded LDH levels at diagnosis, 24.0% (n =52) had LDH < 1.5 x ULN
and 76.0% (n =165) had LDH > 1.5 x ULN. When stratified by LDH status, incidence of TE
(P<0.001), death (P=0.019), hemoglobinuria (P = 0.046), abdominal pain (P= 0.006),

and pain (P =0.020) were higher in patients with LDH > 1.5 x ULN compared with those

with LDH < 1.5 x ULN (Fig. 1A). A significantly greater proportion of patients with LDH

>1.5 x ULN had use of concomitant treatment than patients who had LDH < 1.5 x ULN,
including corticosteroids (P < 0.001), non-steroidal anti-inflammatory drugs (P= 0.012),
anticoagulants (P < 0.001), and opioids (P= 0.031) (Table 1).

Among the 217 patients with recorded Hb levels at diagnosis, 48.8% (n =106) had Hb > 8 g/dL
and 51.2% (n = 111) had Hb < 8 g/dL. The proportion of patients with LDH > 1.5 x ULN was
similar between patients with Hb > 8 g/dL and Hb < 8 g/dL (79.2% vs 73.0%, respectively). When
stratified by Hb status, no significant differences in clinical outcomes (mortality [P= 0.287],
impaired renal function [P=0.815], and TE [P = 0.846]) were observed in patients with Hb

<8 g/dL compared with Hb > 8 g/dL (Fig. 1B). The only characteristic that differed between
groups was use of red blood cell transfusion from diagnosis to follow-up, which was more
frequent among patients with Hb < 8 g/dL than those with Hb > 8 g/dL (P < 0.001).

Regression analyses

During the follow-up period and among the 217 patients with known LDH and Hb levels, TE
was reported in 18.0% (n = 39), impaired renal function in 15.2% (n = 33), and 13.4% (n = 29)
died. Univariate regression analyses indicated that in patients with PNH, LDH > 1.5 x ULN
(P=0.008), male sex (P=0.040), abdominal pain (P= 0.005), dyspnea (P = 0.005), and
pain (P=0.002) were associated with an increased risk of TE. In addition, hemoglobinuria
(P=0.002), abdominal pain (P=0.001), dyspnea (P= 0.002), and pain (P= 0.001) were
associated with an increased risk of impaired renal function. TE (P < 0.001), impaired renal
function (P=0.014), LDH > 1.5 x ULN (P= 0.035), and abdominal pain (P= 0.007) were
associated with an increased incidence of death.

Multivariate regression modeling indicated that in patients with PNH, LDH > 1.5 x ULN
(P=0.016), male sex (P=0.045), and pain (P= 0.033) were associated with increased risk of
TE. Hemoglobinuria (P = 0.034) and pain (P= 0.022) were associated with an increased risk
of impaired renal function. TE was associated with an increased incidence of death
(P<0.001) (Table 2).

Hb < 8 g/dL was not a predictor of TE, impaired renal function, or death in patients with PNH
in any of the univariate or multivariate analyses.

SMR

In total, nine patients from the PNH population were excluded from SMR calculation owing
to missing age or sex data. When compared with the age- and sex-matched general Korean
population, SMRs indicated that a diagnosis of PNH increased the risk of death by 3.9-fold
(Fig. 2); TE (11.6-fold increase; P < 0.001) was associated with the greatest risk of death
among patients with PNH. SMR analysis indicated that LDH > 1.5 x ULN (5.2-fold increase;
P<0.001), Hb < 8 g/dL (5.8-fold increase; P < 0.001), and Hb > 8 g/dL (2.5-fold increase;
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Fig. 1. Signs and symptoms related to paroxysmal nocturnal hemoglobinuria and clinical outcomes stratified by levels of (A) LDH and (B) Hb.
Hb = hemoglobin, LDH = lactate dehydrogenase, TE = thromboembolism, ULN = upper limit of normal.
P <0.05, "P<0.01, P < 0.001.

P=0.004) were risk factors for death compared with the general population. Patients with
LDH < 1.5 x ULN were the only subset of patients with a mortality similar to that of the age-
and sex-matched population (SMR =1.17; P= 0.984).
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Patient population

Table 2. Regression analyses showing predictive risk factors for TE, impaired renal function, and death in patients

with PNH?
Characteristics Univariate Multivariate
OR (95% CI) Pvalue OR (95% CI) Pvalue
TE regression
LDH > 1.5 x ULN 15.26 (2.04-114.10) 0.008 12.21 (1.61-92.86) 0.016
Hb < 8 g/dL 1.14 (0.57-2.29) 0.710 1.14 (0.53-2.42) 0.743
PNH-cytopenia 0.96 (0.48-1.92) 0.906 0.88(0.41-1.87) 0.745
Male sex 2.12 (1.03-4.35) 0.040 2.19 (1.02-4.72) 0.045
Abdominal pain 2.88(1.37-6.06) 0.005 - -
Dyspnea 2.78 (1.36-5.68) 0.005 1.90 (0.86-4.19) 0.112
Pain 3.90 (1.64-9.31) 0.002 2.79 (1.09-7.17) 0.033
Impaired renal function regression
LDH > 1.5 x ULN 2.56 (0.86-7.66) 0.093 1.73 (0.54-5.55) 0.360
Hb < 8 g/dL 1.17 (0.56-2.47) 0.672 1.37 (0.60-3.11) 0.451
PNH-cytopenia 0.51 (0.23-1.11) 0.091 0.54 (0.23-1.25) 0.148
Hemoglobinuria 4.70 (1.74-12.72) 0.002 3.13 (1.09-8.96) 0.034
Abdominal pain 4.06 (1.74-9.48) 0.001 - -
Dyspnea 3.49 (1.60-7.65) 0.002 92.94 (0.96-5.21) 0.062
Pain 6.22 (2.10-18.42) 0.001 3.86 (1.22-12.24) 0.022
Mortality regression
LDH > 1.5 x ULN 4.89 (1.12-21.31) 0.035 2.85 (0.57-14.17) 0.201
Hb < 8 g/dL 1.67 (0.75-3.73) 0.210 1.45 (0.57-3.65) 0.432
PNH-cytopenia 2.03 (0.91-4.52) 0.085 2.97 (0.89-5.78) 0.086
TE 8.83(3.77-20.70)  <0.001 6.76 (2.64-17.33)  <0.001

Impaired renal function
Abdominal pain
Hemoglobinuria

3.08 (1.26-7.53) 0.014
3.95 (1.37-7.71) 0.007
0.71 (0.32-1.56) 0.394

2.58 (0.83-8.04) 0.103
9.50 (0.93-6.75) 0.070
0.36 (0.13-1.01) 0.052

Cl = confidence interval, Hb = hemoglobin, LDH = lactate dehydrogenase, OR = odds ratio, PNH = paroxysmal
nocturnal hemoglobinuria, TE = thromboembolism, ULN = upper limit of normal.

2PNH-cytopenia refers to PNH in the setting of other specified bone marrow disorder + subclinical PNH. Number
of patients with known LDH and Hb status = 217; number of patients with TE = 39; number of patients with
impaired renal function = 33; number of deaths = 29; Bold indicates statistical significance at the 5% level.

SMR (95% Cl); P value

Total PNH patients (n = 292)

No TE (n = 243)

TE (n = 49)°

LDH < 1.5 x ULN (n = 49)

LDH > 1.5 x ULN (n = 168)

No impaired renal function (n = 249)
Impaired renal function (n = 43)°
Classic PNH (n =154)
PNH-cytopenia (n = 138)¢

Hb > 8 g/dL (n = 130)

Hb < 8 g/dL (n =135)

3.88 (2.80-5.25); < 0.001**
2.42 (1.52-3.66); < 0.001**
11.60 (7.08-17.91); < 0.001**
1.17 (0.20-3.87); 0.984
5.15 (3.42-7.44); < 0.001**
3.28 (2.19-4.70); < 0.001**
6.61 (3.52-11.31); < 0.001**
2.40 (1.34-3.95); 0.004*
5.92 (3.90-8.61); < 0.001**
2.49 (1.36-4.18); 0.004*
5.81(3.68-8.72); < 0.001**
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Fig. 2. SMR of the PNH population compared with age- and sex-matched general Korean population.?
Cl = confidence interval, Hb = hemoglobin, LDH = lactate dehydrogenase, PNH = paroxysmal nocturnal hemoglobinuria, SMR = standardized mortality ratio,
TE = thromboembolism, ULN = upper limit of normal.

2patients with missing age/sex are excluded from calculation of SMR (nine patients).
®One patient with TE had missing age/sex.

‘One patient with impaired renal function had missing age/sex.
9Three patients with classic PNH and six patients with PNH-cytopenia had missing age/sex.

“P<0.01,""P <0.001.
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DISCUSSION

In this analysis of patients with PNH from the Korean National PNH Registry who had not
been treated with complement inhibitors, multivariate regression analyses showed that LDH
> 1.5 x ULN was a significant predictor of TE, and TE was a significant predictor of death.

Hb < 8 g/dL was not predictive of TE, impaired renal function, or death in any of the univariate
or multivariate regression analyses. When compared with the age- and sex-matched general
Korean population, SMR analyses indicated that LDH > 1.5 x ULN and anemia, irrespective of
Hb level, were risk factors for death in this PNH population; in contrast, patients with LDH
<1.5x ULN had a life expectancy similar to that of the general Korean population. These
findings suggest that controlling IVH in PNH will reduce the incidence of TE and death.24,25

This study expands on previous work by Jang et al.1 by including predictors of impaired

renal function and TE in the analyses, in addition to mortality. The previous study analyzed
the same patient population; however, the current study also evaluated the importance of

Hb within the PNH population. Predictors of mortality from the current study are broadly
consistent with those of the previous findings from Jang et al.14 In the current study, impaired
renal function and PNH-cytopenia were not significant predictors of mortality in multivariate
analyses, likely owing to the current data set being restricted to patients with known LDH
and Hb statuses. Interestingly, the proportion of patients with LDH > 1.5 x ULN was similar
between patients with Hb < 8 g/dL and Hb > 8 g/dL, and the difference in the incidence of TE
between these Hb level stratifications was also non-significant, indicating that it is not the
level of Hb that predicts TE, but rather LDH > 1.5 x ULN and thus IVH. Significant predictors
of impaired renal function were hemoglobinuria and pain (from the multivariate analysis),
while predictors of TE were LDH > 1.5 x ULN, male sex, and pain, which is in line with other
reports.26,27

SMR analyses showed a similar trend to the previous study.!4 As patients with high LDH
had higher mortality, and patients with low LDH had a similar mortality compared with the
general population, the data provide further evidence that high LDH indicative of IVH was a
significant risk factor for death in patients with PNH. Although the SMR analyses indicated
that anemia, irrespective of Hb level, was associated with an increased risk of death, the
SMR analyses do not adjust for covariates such as LDH > 1.5 x ULN. Thus it is likely that the
elevated LDH is driving the increased risk of death in patients with anemia when compared
with the general population.

There are several limitations of this study. The medical records used were collected in
real-world clinical practice and some of the data could be missing or incomplete, which
may produce biased estimates. The registry is restricted to Korean patients with PNH, and
therefore results may not be generalizable to the wider PNH population. However, this
database was selected because it covers approximately 96% of patients with PNH in Korea.
Lastly, the data were collected more than 15 years ago and may not be reflective of current
clinical practice.

In conclusion, evaluating LDH and Hb in predicting long-term outcomes in patients with
PNH is crucial for the clinical management of PNH. It is known that IVH is one of the
primary clinical manifestations of PNH, as indicated by LDH > 1.5 x ULN, shown here to

be strongly associated with TE, and TE to be strongly associated with death in patients with
PNH. Hb was not a significant predictor of TE, impaired renal function, or death. Therefore,

https://doi.org/10.3346/jkms.2024.39.e81 8/10
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controlling IVH will improve life-threatening clinical outcomes for patients with PNH
(Supplementary Data 1).
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