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Abstract
The objective of this analysis was to identify risk factors for thromboembolic events (TE) in patients with paroxysmal noctur-
nal hemoglobinuria (PNH) who were not treated with C5 inhibitors. Patients with PNH and a history of ≥ 1 TE at enrollment 
in the International PNH Registry (NCT01374360; registration date, January 2011) were each matched with up to 5 patients 
without TE. Multivariable analysis was performed with the following variables: percentage glycosylphosphatidylinositol 
(GPI)–negative cells, high disease activity (HDA), non-TE major adverse vascular event history, and recent anticoagulation. 
Of 2541 eligible patients, 57 with TE and 189 matched controls were analyzed. Multivariable analysis (odds ratio [95% 
CI]) identified the following factors as being associated with increased thrombotic risk: patients with no history of TE (with 
recent anticoagulation, 9.30 [1.20–72.27]), patients with history of TE (with recent anticoagulation, 8.91 [0.86–92.62]; 
without recent anticoagulation, 5.33 [0.26–109.57]), patients with ≥ 30% GPI-negative granulocytes (≥ 30% to < 50%, 4.94 
[0.54–45.32]; ≥ 50%, 1.97 [0.45–8.55]), or patients with lactate dehydrogenase (LDH) ratio ≥ 1.5 × upper limit of normal 
(ULN) plus ≥ 2 HDA criteria (2–3 criteria, 3.18 [0.44–23.20]; ≥ 4 criteria, 3.60 [0.38–33.95]). History of TE, ≥ 30% GPI-
negative granulocytes, and LDH ratio ≥ 1.5 × ULN with ≥ 2 HDA criteria are TE risk factors for patients with PNH. These 
findings will aid physicians by providing important clinical and laboratory risk factors that can be used to identify and man-
age patients with PNH who are at risk of developing TE.
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Introduction

Paroxysmal nocturnal hemoglobinuria (PNH) is a rare, 
acquired, clonal hematopoietic stem cell disorder caused 
by a somatic mutation of the phosphatidylinositol glycan 
class A (PIG-A) gene [1–4]. This defect in PIG-A reduces 
surface expression of the glycosylphosphatidylinositol 
(GPI)–anchored complement regulatory proteins CD55 
and CD59 on hematopoietic cells (ie, erythrocytes, 
platelets, and leukocytes) and leads to terminal comple-
ment–mediated intravascular hemolysis and increased 
risk of thrombosis [5, 6]. Patients with PNH present with 
diverse clinical manifestations, the most common being 
chronic intravascular hemolysis, fatigue, and dyspnea 
[7–9]. Thromboembolic events (TEs) are the leading 
cause of death in patients with PNH, accounting for 40% 
to 67% of deaths before the complement inhibition era 
[10–12], with a 5‐year mortality rate of approximately 
30% [13]. The risk of incident thrombosis increases over 
time if targeted therapy is not initiated [5, 12]. The numer-
ous mechanisms of TE in patients with PNH are complex 
and include complement-mediated platelet and leukocyte 
activation, intravascular hemolysis, nitric oxide deple-
tion, impairment of the fibrinolytic system, and increased 
inflammatory mediators [14, 15]. It is important to identify 
and characterize risk factors predictive of TE because they 
can assist in improved monitoring and early intervention, 
which may lead to better outcomes for patients [16].

Some risk factors for TE in patients with PNH have 
been described in the literature. Data from 2 studies 
showed that the proportion of GPI-negative granulo-
cytes (> 50% and ≥ 61% in the first and second study, 
respectively) is significantly associated with a risk of 
TE [10, 17]. An analysis of data from the Korean PNH 
Registry found significant correlations between TE risk 
and elevated lactate dehydrogenase (LDH) and between 
TE risk and clinical symptoms such as abdominal pain, 
chest pain, dyspnea, or hemoglobinuria using multivari-
able analyses [18]. Importantly, anemia and transfusion 
dependence were not identified as risk factors for TE. 
The Korean PNH Registry data also showed a correla-
tion between risk of TE and percentage of GPI-negative 
granulocytes but with no evidence of association between 
specific GPI-negative granulocyte thresholds and high-
lighted that even patients with a smaller population of 
PNH granulocytes (< 20%) were at risk for thrombo-
sis. Other studies have found that patients with a higher 
proportion of PNH granulocytes and elevated LDH are 
more likely to have a history of TE [7, 8]. Furthermore, 
history of TE at diagnosis has been identified as a risk 
factor for subsequent TE [19]. While previous investiga-
tions have advanced the understanding between TE and 

associated risk factors, this more comprehensive analysis 
using international real-world data from a more diverse 
dataset can add further insights in identifying relevant 
factors affecting risk for TE in patients with PNH.

The International PNH Registry (NCT01374360) is an 
ongoing, observational cohort study containing the largest 
database of safety, quality-of-life, and outcomes data from 
treated and untreated patients with PNH [20]. In the cur-
rent study, we analyzed patient data from the Registry to 
identify risk factors for TE and evaluate the odds of TE in 
the presence of specific disease characteristics and clinical 
parameters.

Methods

Patient population

Patient data from the International PNH Registry with a 
cutoff date of July 8, 2019, were eligible for analysis. This 
analysis included data from patients who were not treated 
with complement inhibitors at enrollment and had an inci-
dent TE after enrollment, a non-zero follow-up time, and 
documented information regarding their birthdate, sex, 
enrollment date, treatment status, and country. Untreated 
patients who had ≥ 1 TE after enrollment in the Registry 
were defined as TE cases. The first TE after enrollment in 
the Registry was defined as the index event for the case, and 
the date at which it occurred was defined as the index date.

A matched case–control design nested in the Registry was 
employed to reduce confounding. For each TE case, up to 5 
untreated controls who did not experience a TE event at the 
time the index case occurred were randomly selected, match-
ing on age (± 5 years at index date), sex, country, and history 
of bone marrow failure (BMF). TE cases that could not be 
matched with any controls were excluded from the analysis. 
For covariates included in the analysis, absent values were 
marked as missing.

Assessments

Patient demographics and clinical parameters before 
and immediately preceding the TE index date were gath-
ered for both TE cases and controls. All values for the 
assessed risk factors were based on the most recently 
reported data point in the 6 months before the TE index 
date except for history of BMF (measured from PNH 
diagnosis to the index date) and physician-documented 
symptoms (assessed 1–6 months before the TE index 
date). History of TEs and other major adverse vascu-
lar events (MAVEs) was classified based on records 
between the date of PNH diagnosis and the index 
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date. MAVEs included TEs (thrombophlebitis/deep 
vein thrombosis, renal vein thrombosis, renal arterial 
thrombosis, mesenteric/visceral vein thrombosis, mes-
enteric/visceral arterial thrombosis, hepatic/portal vein 
thrombosis, dermal thrombosis, acute peripheral vas-
cular disease occlusion, cerebral arterial occlusion/
cerebrovascular accident, cerebral venous occlusion, or 
pulmonary embolus) and non-TEs (nontraumatic ampu-
tation, nondiabetic amputation, myocardial infarction, 
transient ischemic attack, unstable angina, nontraumatic 
gangrene, nondiabetic gangrene, or “other”).

Univariable analyses were conducted for TE risk associ-
ated with the following risk factors: GPI-negative granulo-
cytes, GPI-negative erythrocytes, LDH ratio, high disease 
activity (HDA; defined as LDH ratio ≥ 1.5 × upper limit 
of normal [ULN] and ≥ 1 of the following 1 to 6 months 
before the TE index date: anemia [hemoglobin < 10 g/dL], 
abdominal pain, dyspnea, dysphagia, fatigue, hemoglobinu-
ria, or male erectile dysfunction), LDH ratio ≥ 1.5 × ULN 
and ≥ 1 HDA symptom, PNH-related symptoms (ie, abdom-
inal pain, backache, hemoglobinuria, dysphagia, fatigue, 
headache, male erectile dysfunction, and dyspnea), recent 
anticoagulation (ie, within 6 months), history of TEs, and 
history of MAVEs. Despite the inclusion of the gender-
specific variable of erectile dysfunction, based on the 
approach to modeling, a gender bias should not have been 
introduced. Based on existing literature from studies that 
explored risk factors for TEs in PNH, the following vari-
ables were selected for the multivariable analysis [7, 8, 10, 
17, 18]: proportion of GPI-negative granulocytes, LDH 
ratio ≥ 1.5 × ULN and ≥ 1 HDA criterion, history of non-
TE MAVEs, and recent anticoagulation.

Statistical analyses

Descriptive analyses of patient characteristics and clinical 
parameters included mean and SD for continuous variables 
and frequencies and percentages for categorical variables. 
Univariable and multivariable conditional logistic regres-
sions were used in the matched subpopulation to estimate 
odds ratios (ORs) and associated 95% Wald’s CIs for inci-
dent TE.

Results

Patient demographics and disease burden

As of the July 8, 2019, cutoff date, 77 of 2541 patients 
in the Registry eligible for this study had TE. Of these, 
57 met the inclusion criteria for TE cases, and 189 con-
trols were matched to these cases (Fig. 1). The remain-
ing 20 cases of TE did not have matching controls and 
were therefore excluded. Demographics and patient 
characteristics were similar between TE cases and con-
trols: most patients were European (77.6%) and male 
(54.5%), and the mean age of both groups at the index 
date was 47 years (Table 1). Fewer TE cases had a his-
tory of BMF compared with controls (68.4% and 78.8%, 
respectively). Fewer TE cases versus controls had < 10% 
and ≥ 10% to < 30% GPI-negative granulocytes (< 10%, 
12.3% vs 22.8%; ≥ 10% to < 30%, 1.8% vs 8.5%). More 
TE cases than controls had ≥ 50% GPI-negative granulo-
cytes (29.8% vs 13.2%), LDH ratio ≥ 1.5 × ULN (38.6% 
vs 21.7%), HDA (33.3% vs 15.3%), and a history of TEs 

Fig. 1  TE case and control 
selection from the International 
PNH Registry. PNH, paroxys-
mal nocturnal hemoglobinuria; 
TE, thromboembolic event

Patients in the PNH Registry 
as of July 8, 2019

(N=5359)
Reasons for ineligibility
• Missing date of birth
• Missing sex
• Missing enrollment date
• Missing treatment status
• Missing country
• Not untreated at Registry
 enrollment

Patients meeting eligibility criteria
(n=2541)

Patients with TE
(n=77)

TE cases included
in the analysis

(n=57)

Excluded (n=20)
No matching controls

Patients without TE
(n=2464)

Matched controls
included in the

analysis
(n=189)
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Table 1  Patient characteristics 
and baseline clinical 
 parameters†

Parameters TE Cases
(n = 57)

Controls
(n = 189)

Patient Demographics
Sex, n (%)

   Male 31 (54.4) 103 (54.5)
   Female 26 (45.6) 86 (45.5)

Region, n (%)
   Europe 42 (73.7) 149 (78.8)
   Asia 7 (12.3) 23 (12.2)
   North America 6 (10.5) 15 (7.9)
   Australia/New Zealand 2 (3.5) 2 (1.1)

Age at index date, mean (SD) 46.8 (17.1) 47.1 (16.0)
Years from PNH diagnosis to index date, mean (SD) 7.4 (8.4) 7.4 (8.5)
History of BMF, n (%) 39 (68.4) 149 (78.8)
Clinical Parameters
Percent GPI-negative granulocytes, n (%)

    < 10% 7 (12.3) 43 (22.8)
    ≥ 10% to < 30% 1 (1.8) 16 (8.5)
    ≥ 30% to < 50% 3 (5.3) 6 (3.2)
    ≥ 50% 17 (29.8) 25 (13.2)
   Missing 29 (50.9) 99 (52.4)

Percent GPI-negative erythrocytes (type II and III), n (%)
    < 10% 13 (22.8) 55 (29.1)
    ≥ 10% 16 (28.1) 28 (14.8)
   Missing 28 (49.1) 106 (56.1)

LDH ratio (× ULN), n (%)
   < 1.5 15 (26.3) 71 (37.6)
    ≥ 1.5 22 (38.6) 41 (21.7)
   Missing 20 (35.1) 77 (40.7)

HDA‡

   No 18 (31.6) 83 (43.9)
   Yes 19 (33.3) 29 (15.3)
   Missing 20 (35.1) 77 (40.7)

LDH ratio (× ULN), n (%) and HDA criteria
   LDH < 1.5 × ULN and no HDA criteria 4 (7.0) 27 (14.3)
   LDH ≥ 1.5 × ULN with 0-1 HDA criterion 5 (8.8) 22 (11.6)
   LDH ≥ 1.5 × ULN with 2–3 HDA criteria 10 (17.5) 13 (6.9)
    LDH ≥ 1.5 × ULN with ≥ 4 HDA criteria 7 (12.3) 6 (3.2)
   Missing 31 (54.4) 121 (64.0)

History of MAVE, n (%)§

   No 42 (73.7) 169 (89.4)
   Yes 14 (24.6) 20 (10.6)
   Missing 1 (1.8) 0 (0.0)

History of non-TE MAVE, n (%)§

   No 49 (86.0) 177 (93.7)
   Yes 7 (12.3) 12 (6.3)
   Missing 1 (1.8) 0 (0.0)

History of TE, n (%)§

   No 44 (77.2) 178 (94.2)
   Yes 12 (21.1) 11 (5.8)
   Missing 1 (1.8) 0 (0.0)
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(21.1% vs 5.8%) or MAVEs (24.6% vs 10.6%). Among 
patients with documented use of anticoagulation, 67.0% 
of TE cases (n = 18/27) and 76.2% of controls (n = 16/21) 
had no prior history of TE. Most of these patients initi-
ated anticoagulation before their most recent TE. The 
most common physician-documented symptoms expe-
rienced by the TE cases vs the controls were fatigue 
(52.6% vs 37.6%), hemoglobinuria (28.1% vs 12.7%), 
abdominal pain (24.6% vs 6.3%), and dyspnea (24.6% vs 
13.8%; Fig. 2).

Univariable and multivariable analyses

Univariable analyses showed that patients with 
LDH ≥ 1.5 × ULN and ≥ 4 HDA criteria had the great-
est increased risk of TE compared with patients with 
LDH < 1.5 × ULN and no criteria (OR, 11.76; 95% CI, 
1.80–95.79; Fig. 3). Other laboratory and clinical parameters 
associated with an increased risk of TE over their respective 
reference groups were LDH ≥ 1.5 × ULN and 2 to 3 HDA cri-
teria (OR, 6.23; 95% CI, 1.36–35.30), recent anticoagulation 

† The index date is the first TE event after enrollment in the Registry. Data are based on assessments within 
6 months before the TE index date. ‡HDA defined as LDH ratio ≥ 1.5 × ULN, hemoglobin < 10 g/dL, and 
one of the following symptoms 6 months before and including the index date: abdominal pain, dyspnea, 
dysphagia, fatigue, hemoglobinuria, or erectile dysfunction. §Assessments based on the entire patient his-
tory from PNH diagnosis to index date. ¶Recent is defined as within 6 months before the index date. BMF, 
bone marrow failure; GPI, glycosylphosphatidylinositol; HDA, high disease activity; LDH, lactate dehy-
drogenase; MAVE, major adverse vascular event; PNH, paroxysmal nocturnal hemoglobinuria; TE, throm-
boembolic event; ULN, upper limit of normal

Table 1  (continued) Parameters TE Cases
(n = 57)

Controls
(n = 189)

Recent anticoagulation, n (%)¶

   No 15 (26.3) 63 (33.3)
   Yes 27 (47.4) 21 (11.1)
   Missing 15 (26.3) 105 (55.6)

Fig. 2  Physician-reported 
symptoms within 6 months 
before the index date. (a) TE 
cases. (b) Controls. †TE cases 
(n = 31), controls (n = 103). 
ED, erectile dysfunction; TE, 
thromboembolic event
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(OR, 4.79; 95% CI, 1.78–14.18), history of TE (OR, 3.60; 
95% CI, 1.41–9.24), HDA (OR, 3.07; 95% CI, 1.22–7.97), 
and history of MAVEs (OR, 2.17; 95% CI, 0.96–4.80). Com-
pared to the reference groups, increased TE risk was also 

seen in patients with physician-documented symptoms of 
abdominal pain (OR, 5.00; 95% CI, 1.73–15.88), dysphagia 
(OR, 3.00; 95% CI, 0.54–16.67) and hemoglobinuria (OR, 
2.73; 95% CI, 1.07–6.95) (Fig. 4).

Reference Group

GPI-negative granulocytes
<10% [7, 43]

GPI-negative erythrocytes
<10% [13, 55]

No HDA‡ [18, 83]

LDH <1.5×ULN [15, 71]

LDH <1.5×ULN with
0 HDA‡ criteria [4, 27]

No recent anticoagulation [15, 63]

No history of TE§ [44, 178]

No history of MAVE§ [42, 169]

Risk Factors Assessed

GPI-negative granulocytes
≥10% to <30% [1, 16]

GPI-negative granulocytes
≥30% to <50% [3, 6]

GPI-negative granulocytes
≥50% [17, 25]

GPI-negative erythrocytes
≥10% [16, 28]

HDA [19, 29]

LDH ≥1.5×ULN [22, 41]

LDH ≥1.5×ULN with
0–1 HDA criteria [5, 22]

LDH ≥1.5×ULN with
2–3 HDA criteria [10, 13]

LDH ≥1.5×ULN with
≥4 HDA criteria [7, 6]

Recent anticoagulation [27, 21]

History of TE [12, 11]

History of MAVE [14, 20]

OR (95% CI)

0.37 (0.01, 3.48)

2.65 (0.37, 15.72)

3.16 (0.96, 11.80)

2.04 (0.70, 6.06)

3.07 (1.22, 7.97)

2.31 (0.96, 5.73)

1.27 (0.24, 7.23)

6.23 (1.36, 35.30)

11.76 (1.80, 95.79)

4.79 (1.78, 14.18)

3.60 (1.41, 9.24)

2.17 (0.96, 4.80)

TE Risk

0.1 1 10 100
Odds Ratio (95% CI) [Log Scale]

Fig. 3  Univariable analysis of TE risk by laboratory and clinical 
parameters. Data are based on assessments within 6  months before 
the TE index date. Patient numbers are reported as [TE cases, con-
trols] per parameter. Exact OR and estimated CIs are from univari-
able conditional logistic regression model of risk of TE event. The 
increased risk of TE observed in patients receiving anticoagulation 
with no history of TE likely reflects prescribing decisions based on 
physician assessment of TE risk (ie, primary prophylaxis) rather 
than contributing to risk itself and should be interpreted accordingly. 

‡HDA defined as LDH ratio ≥ 1.5 × ULN, hemoglobin < 10  g/dL, 
and one of the following symptoms 6  months before and including 
the index date: abdominal pain, dyspnea, dysphagia, fatigue, hemo-
globinuria, or erectile dysfunction. §Assessments based on the entire 
patient history from PNH diagnosis to index date. GPI, glycosylphos-
phatidylinositol; HDA, high disease activity; LDH, lactate dehydro-
genase; MAVEs, major adverse vascular events; OR, odds ratio; TE, 
thromboembolic event; ULN, upper limit of normal

Reference Group

No abdominal pain [30, 131]

No hemoglobinuria [30, 118]

No dyspnea [30, 106]

No fatigue [8, 28]

No anemia [23, 89]

No dysphagia [42, 150]

No erectile dysfunction [25, 71]

Risk Factors Assessed

Abdominal pain [14, 12]

Hemoglobinuria [16, 24]

Dyspnea [14, 26]

Fatigue [30, 71]

Anemia [23, 52]

Dysphagia [5, 9]

Erectile dysfunction [3, 7]

OR (95% CI)

5.00 (1.73, 15.88)

2.73 (1.07, 6.95)

2.49 (0.97, 6.51)

1.94 (0.62, 6.89)

1.98 (0.91, 4.39)

3.00 (0.54, 16.67)

2.26 (0.31, 14.33)

TE Risk

0.1 1 10 100
Odds Ratio (95% CI) [Log Scale]

Fig. 4  Univariable analysis of TE risk by physician-documented 
symptom. Data are based on assessments within 6 months before the 
TE index date. Patient numbers are reported as [TE cases, controls] 

per parameter. Exact OR and estimated CIs are from univariable con-
ditional logistic regression model of risk of TE event. OR, odds ratio; 
TE, thromboembolic event
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Multivariable analysis identified the following as being 
associated with increased risk of TE: no history of TE with 
recent anticoagulation (OR, 9.30 [95% CI, 1.20–72.27]), his-
tory of TE with recent anticoagulation (OR, 8.91; 95% CI, 
0.86–92.62), history of TE without recent anticoagulation 
(OR, 5.33; 95% CI, 0.26–109.57), ≥ 30% to < 50% GPI-neg-
ative granulocytes (OR, 4.94; 95% CI, 0.54–45.32); ≥ 50% 
GPI-negative granulocytes (OR, 1.97; 95% CI, 0.45–8.55); 
LDH ratio ≥ 1.5 × ULN and 2 to 3 HDA criteria (OR, 3.18; 
95% CI, 0.44–23.20); LDH ratio ≥ 1.5 × ULN and ≥ 4 HDA 
criteria (OR, 3.60; 95% CI, 0.38–33.95) (Fig. 5). Unlike the 
univariable analysis, recent anticoagulation alone was not 
associated with TE risk (OR, 1.13; 95% CI, 0.15–8.34); his-
tory of non-TE MAVE was also not associated with TE risk 
(OR, 0.64; 95% CI, 0.15–2.67).

Discussion

This observational PNH Registry analysis used data 
from an international real-world setting and identified 
history of TE, ≥ 30% GPI-negative granulocytes, and 
LDH ≥ 1.5 × ULN plus ≥ 2 HDA criteria as risk factors for 
TE using multivariable analysis. Notably, increased TE risk 

was observed in patients with a prior history of TE regard-
less of anticoagulation use. Moreover, this analysis found 
that increased TE risk was also associated with a set of phy-
sician-documented symptoms, including abdominal pain, 
hemoglobinuria, and dysphagia, which may be symptomatic 
markers of hemolysis or nitric oxide sequestration. Together, 
these results provide important clinical and laboratory risk 
factors that can be used to identify and manage patients with 
PNH who are at risk of developing TE.

Current recommendations for the management of 
thrombosis in PNH advise that all patients unable to 
receive complement inhibition with > 50% GPI-negative 
granulocytes or with additional risk factors (eg, preg-
nancy, hemolytic crisis) should commence anticoagula-
tion for primary thromboprophylaxis assuming there are 
no contraindications [4, 13, 17, 21]. In some countries, 
anticoagulation is recommended in all patients with pro-
portion of > 50% GPI-negative granulocytes [17, 21]. For 
patients without access to complement inhibition therapy, 
it might be an option to lower the threshold for prophy-
lactic anticoagulation from > 50% GPI-negative granu-
locytes to ≥ 30% GPI-negative granulocytes. Due to the 
possible serious complications and the debated efficiency, 
this must be carefully discussed on the basis of a larger 

Reference Group

GPI-negative granulocytes
<10% [7, 43]

LDH <1.5×ULN with
0 HDA‡ criteria [4, 27]

No history of
non-TE MAVE§ [49, 177]

No anticoagulation [17, 139]

No recent anticoagulation
and no history of TE¶ [13, 59]

Risk Factors Assessed

GPI-negative granulocytes
≥10% to <30% [1, 16]

GPI-negative granulocytes
≥30% to <50% [3, 6]

GPI-negative granulocytes
≥50% [17, 25]

LDH  ≥1.5×ULN with
0–1 HDA criteria [5, 22]

LDH  ≥1.5×ULN with
2–3 HDA criteria [10, 13]

LDH  ≥1.5×ULN with
≥4 HDA criteria [7, 6]

History of non-TE MAVE [7, 12]

Anticoagulation [31, 40]

No recent anticoagulation,
history of TE [2, 4]

Recent anticoagulation,
no history of TE [18, 16]
Recent anticoagulation,

history of TE [9, 5]

Adjusted OR (95% CI)

0.33 (0.02, 4.43)

4.94 (0.54, 45.32)

1.97 (0.45, 8.55)

0.31 (0.04, 2.44)

3.18 (0.44, 23.20)

3.60 (0.38, 33.95)

0.64 (0.15, 2.67)

1.13 (0.15, 8.34)

5.33 (0.26, 109.57)

9.30  (1.20, 72.27)

8.91 (0.86, 92.62)

TE Risk

0.1 1 10 100

Odds Ratio (95% CI) [Log Scale]

Fig. 5  Multivariable analysis of TE risk by laboratory and clinical 
parameters. Data are based on assessments within 6  months before 
the TE index date. Patient numbers are reported as [TE cases, con-
trols] per parameter. OR and 95% CIs are Wald’s estimates from mul-
tivariable conditional logistic regression model of risk of TE event. 
The increased risk of TE observed in patients receiving anticoagula-
tion with no history of TE likely reflects prescribing decisions based 
on physician assessment of TE risk (ie, primary prophylaxis) rather 
than contributing to risk itself and should be interpreted accordingly. 

‡HDA defined as LDH ratio ≥ 1.5 × ULN, hemoglobin < 10  g/dL, 
and one of the following symptoms 6  months before and including 
the index date: abdominal pain, dyspnea, dysphagia, fatigue, hemo-
globinuria, or erectile dysfunction. §Assessments based on the entire 
patient history from PNH diagnosis to index date. ¶Recent is defined 
as within 6  months before the index date. GPI, glycosylphosphati-
dylinositol; HDA, high disease activity; LDH, lactate dehydrogenase; 
MAVE, major adverse vascular event; OR, odds ratio; TE, thrombo-
embolic event; ULN, upper limit of normal



2986 Annals of Hematology (2023) 102:2979–2988

1 3

patient group. More research is needed to clearly show the 
benefits of prophylactic anticoagulation on the risk of TE 
in patients with ≥ 30% GPI-negative granulocytes, particu-
larly if they have other biomarkers (eg, LDH ≥ 1.5 × ULN) 
suggesting an increased thrombotic risk [18]. For those 
with access, complement inhibition therapy might be ben-
eficial for patients with ≥ 30% GPI-negative granulocytes 
and LDH < 1.5 × ULN. As the small sample size of this 
group lacks power to detect statistical significance, further 
data are needed to confirm this assumption. Patients not 
treated with a terminal complement inhibitor (eg, eculi-
zumab, ravulizumab) remain at an increased risk of throm-
bosis even with full-dose anticoagulation [22]. Patients 
receiving primary prophylaxis who commence comple-
ment inhibition may be able to stop anticoagulation after 
intravascular hemolysis is controlled (as evidenced by 
LDH < 1.5 × ULN), providing they have not experienced a 
TE in the interim [13]. Based on our analysis and previous 
studies suggesting that the use of anticoagulants may not 
be protective for the management of TE in patients with 
PNH [18, 22], it remains unclear whether anticoagulation 
alone is sufficiently effective in addressing prothrombic 
risk. In the current analysis, increased risk of TE was 
observed in patients receiving anticoagulation with no 
history of TE; this is expected, likely reflecting prescrib-
ing decisions based on physician assessment of increased 
TE risk and the use of primary prophylaxis, rather than 
adversely contributing to risk itself and should be inter-
preted accordingly.

Our data are in alignment with those of a prior mul-
tivariable analysis from the South Korean PNH Regis-
try (N = 301) [18]. In that study, untreated patients with 
PNH who had LDH levels ≥ 1.5 × ULN at diagnosis 
were at a significantly higher risk for TE than patients 
with LDH < 1.5 × ULN (OR, 7.0; P = 0.013). Risk of TE 
increased with intravascular hemolysis, abdominal pain, 
chest pain, dyspnea, and hemoglobinuria, but not ane-
mia. In a previous analysis of the baseline characteristics 
and disease burden of patients enrolled in the Interna-
tional PNH Registry, a significantly larger proportion of 
untreated patients with LDH ≥ 1.5 × ULN at enrollment 
vs LDH < 1.5 × ULN had a history of TE (16% vs 8%, 
P < 0.001) [8]. Our analysis using data from the Interna-
tional PNH Registry also identified intravascular hemoly-
sis (LDH ≥ 1.5 × ULN), abdominal pain, and hemoglobi-
nuria, but not anemia and dyspnea, as potential TE risk 
factors. Lee et al. reported a correlation between risk of 
TE and percentage of GPI-negative granulocytes but with 
no evidence of association between specific GPI-negative 
granulocyte thresholds, concluding that LDH may be more 
predictive of TE risk [18]. Likewise, in the current analy-
ses, the OR point estimates for > 30% PNH granulocytes 
were associated with increased risk of TE; however, we 

found a correlation but no statistical significance between 
proportion of GPI-negative granulocytes and risk of TE. 
Thus, our analysis extends the findings of the previous 
single-country analysis to a more diverse, international 
population.

In contrast, a long-term analysis of 163 PNH patients not 
treated with complement inhibitors revealed a significantly 
increased 10-year risk of thrombosis in those with > 50% 
(44%) vs < 50% (6%) GPI-negative granulocytes [17]. In 
patients with > 50% GPI-negative granulocytes, a significant 
reduction in 10-year thrombotic risk was also seen in those 
receiving warfarin primary prophylaxis. In 2014, Schrezen-
meier et al. analyzed patient data from the International 
PNH Registry and found a notable association between his-
tory of TEs and proportion of GPI-negative granulocytes 
(P < 0.001), although all patients were at risk of experienc-
ing a TE independent of their proportion of GPI-negative 
granulocytes [8]. Additionally, Moyo et al. found that for 
each 10% increase in GPI-negative granulocytes, the OR 
of thrombosis increased by 1.64 (P = 0.008) [10]. These 
discrepancies between our study and the previous reports 
could be due to the small sample sizes in the proportion of 
GPI-negative granulocyte subgroups in our analysis. Further 
research could better elucidate the nature of the relation-
ship between the proportion of GPI-negative granulocytes 
or monocytes and risk of TE.

There are limitations of this analysis worth noting. This 
analysis utilized an observational data set, and thus values of 
potential risk factors for TE are missing in some patients, at 
times up to approximately 50%. Although the pool of indi-
viduals with PNH used in this analysis is the largest to date, 
only a subset of patients met the TE case inclusion criteria. 
Of note, prior treatment with complement inhibitors was 
exclusionary, and thus patients potentially at highest risk 
were not included in the analysis, which may have influenced 
the results. Further, the study did not control for traditional 
TE risk factors such as smoking and obesity [23]. We were 
also unable to identify the reasons that patients with a his-
tory of TE were not receiving anticoagulation. Despite these 
limitations, many factors that were significantly associated 
with increased TE risk were identified from the analysis. The 
strengths of this study include a robust design for evaluation 
of one of the most life-threatening outcomes in PNH and its 
relationship to identifiable (and several modifiable) risk fac-
tors, and an increased generalizability with an international 
patient population.

Conclusions

This retrospective analysis from the International PNH Reg-
istry identified likely risk factors associated with TE, the 
most serious complication and leading cause of death for 
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patients with PNH, and indicated that patients with PNH 
are at an increased risk of TE if they have a prior history of 
TE, ≥ 30% GPI-negative granulocytes, or LDH ≥ 1.5 × ULN 
plus ≥ 2 HDA criteria. The findings of this analysis were 
based on data derived from a broad global database and con-
firm the results of previous studies. Further study to iden-
tify and monitor risk factors for TE in patients with PNH is 
warranted to better inform treatment decisions and improve 
patient outcomes.
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