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Abstract: Paroxysmal nocturnal hemoglobinuria (PNH) is a rare, acquired disorder characterized by chronic
intravascular hemolysis as the primary clinical manifestation and morbidities that include anemia, thrombosis, renal
impairment, pulmonary hypertension, and bone marrow failure. The prevalence of the PNH clone (from <1-100%
PNH granulocytes) is approximately 16 per million, and careful monitoring is required. The average age of onset of
the clinical disease is the early 30s, although it can present at all ages. PNH is caused by the acquisition of a somatic
mutation of the gene phosphatidylinositol glycan anchor (PIG-A) in a multipotent hematopoietic stem cell (HSC), with
clonal expansion of the mutated HSC. The mutation causes a deficiency in the synthesis of glycosylphosphatidylinositol
(GPI). In cells derived from normal HSCs, the complement regulatory proteins CD55 and CD59 are anchored to the
hematopoietic cell membrane surface via GPI, protecting the cells from complement-mediated lysis. However, in
patients with PNH, these 2 proteins, along with numerous other GPI-linked proteins, are absent from the cell surface of
red cells, granulocytes, monocytes, and platelets, resulting in complement-mediated intravascular hemolysis and other
complications. Lysis of red blood cells is the most obvious manifestation, but as other cell lineages are also affected, this
complement-mediated attack contributes to additional complications, such as thrombosis. Eculizumab, a humanized
monoclonal antibody against the C5 complement protein, is the only effective drug therapy for PNH patients. The
antibody prevents cleavage of the C5 protein by C5 convertase, in turn preventing generation of C5b-9 and release of
C5a, thereby protecting from hemolysis of cells lacking the CD59 surface protein and other complications associated

with complement activation. Drs. llene C. Weitz, Anita Hill, and Jeff Szer discuss 3 recent cases of patients with PNH.
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Paroxysmal Nocturnal Hemoglobinuria:

Case 1

llene Ceil Weitz, MD

Associate Professor of Clinical Medicine
Keck-USC School of Medicine

Los Angeles, California

The patient was a 31-year-old man who noted worsen-
ing fatigue for a year prior to presentation. He reported
that he could not think clearly, and he was tired all the
time. He had been a high-caliber chess player, and his
capacity to play chess was diminished. In June 2011,
he developed a high fever and cough that led to a diag-
nosis of left lower lobe pneumonia. On presentation
to the hospital, his blood tests showed the following:
hemoglobin of 6.7 g/dL, white blood cell count of
6,800 cells/pL, granulocyte count of 4,500 cells/
pL, platelets of 172,000 per pL, reticulocyte count of
5.4%, lactose dehydrogenase (LDH) of 1,925 U/L,
negative direct Coombs test, haptoglobin of less than
12 mg/dL, and D-dimers greater than 5,000 pg/L.
A bone marrow biopsy showed normal cytogenetics
and a hypercellular marrow. Because of the suggestion
of hemolysis, flow cytometry was performed and showed
9.9% type Il and 9.5% type I1I red blood cells, or 19.4%
combined, after the patient received a blood transfusion.
His glycosylphosphatidylinositol (GPI)-deficient granu-
locyte and monocyte clones were 94.6% and 92.5%,
respectively, consistent with the diagnosis of paroxysmal
nocturnal hemoglobinuria (PNH).

Discussion

Jeff Szer, MBBS, FRACP I understand your interest
in the D-dimers, which may indicate increased risk of
thrombosis, but why were levels assessed as part of the
initial diagnosis?

IW  Testing was performed at an outside hospital.
However, at my hospital, we probably would also have
performed the test because the patient was hemolyzing.
A pulmonary embolus (PE) was in the differential
diagnosis, as well as pneumonia. Given his subsequent
diagnosis of PNH, we would have ordered them as a
routine. Prior to the availability of eculizumab, we would
have checked D-dimers in order to decide if the patient
needed prophylactic anticoagulation.

JS I gather that the trigger for examining the blood via
flow cytometry was the hypercellular bone marrow.

IW Correct! Clearly, he had evidence of hemolysis—his
haptoglobin was low and his reticulocyte count was
high—but his Coombs test was negative, suggesting
unexplained intravascular hemolysis.

JS Could you please discuss the triggers for investigation?

IW The patient’s reticulocyte count was high, at 5.4%
corrected. His high LDH, negative Coombs test, and
low haptoglobin all suggested a non—Coombs-mediated
hemolytic process.

JS How was the patient managed?

IW A flow cytometry was performed, which was con-
sistent with the diagnosis of PNH. The discrepancy
between the red blood cell and white blood cell clones
was due to brisk hemolysis and transfusion. Given the
large white cell clone, the patient was then started on
eculizumab, with rapid and significant improvement
in his fatigue. As described by Weitz and colleagues,
PNH patients experience an extensive burden of fatigue
with impaired quality of life." In their study of 29 PNH
patients, 96% complained of fatigue, 76% were forced
to modify their daily activities to manage their PNH,
and 17% were unemployed due to the disease. Notably,
symptoms were not related to anemia or transfusion
requirements. Fifty-nine percent of the patients had not
received a transfusion in over 2 years.

JS Did his chess rankings improve?
IW They did. The patient is back at work, traveling, and
completely functional. He has no evidence of significant

end-organ damage.

JS What was the effect on the D-dimers?
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Table 1. Effect of Eculizumab on Markers of Inflammation (IL-6)

9 of 11 patients had elevated IL-6 levels pretreatment. (The
2 who did not were receiving prednisone.)

During the 4-week induction phase of treatment, there was
a statistically significant decrease in:

« LDH (P<.0001)

¢ D-dimers (P=.0057)
¢ TAT (P=.0138)

¢ [L-6 (P=.0362)

All decreases in D-dimers, TAT, Il-6, and LDH were
sustained in the maintenance phase of treatment. There was
no correlation with LDH.

IL=interleukin; LDH=lactate dehydrogenase; TAT=thrombin antithrombin.
Data from Weitz IC et al. 7hromb Res. 2012;130:361-368.

IW This patient’s D-dimers came down really nicely. His
LDH came down beautifully as well. Unfortunately, his
interleukin (IL) 6 level was not assessed; it would have been
interesting to observe any changes. One of the least appre-
ciated aspects of PNH and other complement-mediated
diseases is the inflammatory component of the disorders
and the relationship between the inflammation and the risk
of thrombosis. In our clinical study of PNH patients, we
specifically looked at plasma markers of thrombin genera-
tion (D-dimers and thrombin-antithrombin III-complex
[TAT]), and inflammation via IL-6.2 We also examined
soluble P-selectin, antigenic and functional tissue factor—
bearing microparticles (TFMP and fTEMP, respectively),
and total plasma microparticle ex vivo factor Xa gen-
eration (MPFXa). We enrolled 11 eculizumab-naive PNH
patients who received on-study eculizumab. Blood sam-
pling was performed on day 1, prior to eculizumab treat-
ment, and on days 8, 15, 22, 29, 43, and 90. We observed
a statistically significant reduction in D-dimers, TAT,
IL-6, soluble P-selectin, and TFMP during the induction
phase of treatment, which occurred on days 1-29 (Table
1). This reduction in markers continued during mainte-
nance treatment, which occurred on days 29-90. There
was a very strong correlation between the D-dimers, TAT,
and IL-6 levels, ie, the markers of hemostatic activation
and inflammation. Although serum levels of LDH rapidly
decreased, there was no correlation between the reduction
in the thrombin generation and inflammation, suggesting
that there may be a pathway independent of hemolysis,
perhaps inflammatory, inducing thrombosis. Generation
of complement protein 5a (C5a) is known to upregulate
IL-6 expression and would be inhibited by eculizumab
blockade. IL-6 increases monocyte tissue factor expres-
sion, which is critical for the generation of thrombosis. We
observed a significant reduction in TEMP, but this reduc-
tion did not correlate with changes in markers of throm-
bin generation and inflammation, and ex vivo generation
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of MPFXa did not decrease. Ex vivo total microparticle
factor Xa generation was inversely correlated with markers
of thrombin generation. This suggests that complement
activation increases TFMP, and it is reduced by comple-
ment inhibition. However, the total microparticles did not
change, suggesting that in vivo microparticles per se do
not induce thrombosis in PNH. Thus, in vivo thrombin
generation in PNH patients appears to occur by a pathway
independent of hemolysis and microparticle generation.

Another interesting aspect of this case concerns the
“disconnect” between the level of fatigue and the degree
of anemia, which is apparent even in clinical trials. For
example, the phase IIl TRIUMPH (Transfusion Reduction
Efficacy and Safety Clinical Investigation Using Eculi-
zumab in Paroxysmal Nocturnal Haemoglobinuria) study,
a double-blind placebo-controlled trial, examined the safety
and efficacy of eculizumab versus placebo in 87 patients.?
Eculizumab was administered by intravenous infusion of
600 mg weekly for the first 4 weeks, followed by 900 mg on
week 5, and then 900 mg every 14 days thereafter through
week 26. Quality of life was evaluated via the Functional
Assessment of Chronic Illness Therapy (FACIT)-Fatigue
instrument. The study showed a significant reduction in
intravascular hemolysis with eculizumab, as shown by the
levels of LDH that were reduced to near normal (P<.001)
and an associated improvement in fatigue, although the
hemoglobin levels lagged (Figure 1). The baseline score of
fatigue increased by 6.4 points with eculizumab treatment
compared to negative scores of the placebo-treated patients,
even though all patients were able to be transfused to a
hemoglobin of 10, if needed. Support of this conclusion
was also provided by findings from the European Organiza-
tion for Research and Treatment of Cancer Quality of Life
Questionnaire (EORTC-QLQ-C30). Notably, however,
the anemia did not resolve. Instead, it is the complement
activation, possibly through the induction of inflammatory
cytokines, such as IL-6, that appears to be the main cause
of fatigue in patients with PNH.

Pulmonary hypertension (PHTN) may also contrib-
ute to the findings, as it is frequently associated with dys-
pnea. Dr. Hill's data show the reduction in dyspnea and
PHTN that can occur upon treatment with eculizumab.
Dr. Hill’s study explored the relationship between several
markers and measures of PHTN in 73 patients with PNH
from the TRIUMPH study.* Forty-seven percent of the
patients had levels of N-terminal pro-brain natriuretic
peptide (NT-proBNP) of at least 160 pg/mL, which
has been shown to indicate PHTN and right ventricular
dysfunction. Eighty percent of the patients had reduced
right ventricular ejection fraction and 60% had evidence
of subclinical PE, yet 50% had no history of transfu-
sions. This again demonstrates the lack of correlation of
fatigue to the degree of anemia and transfusion require-
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Figure 1. Improvement in fatigue independent of response in the TRIUMPH trial. FACIT=Functional Assessment of Chronic Illness
Therapy; Hgb=hemoglobin; TRIUMPH=Transfusion Reduction Efficacy and Safety Clinical Investigation Using Eculizumab in
Paroxysmal Nocturnal Haemoglobinuria. Data from Hillmen P et al. NV Engl ] Med. 2006;355:1233-1243. Brodsky R et al. Blood Rev.
2008;22:65-74. Hill A et al. Haematologica. 2008;93(suppl 1):359: Abstract 0904. Brodsky R et al. Blood. 2008;111:1840-1847.
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Figure 2. The percent of eculizumab-treated and placebo-treated patients with NT-proBNP levels above 160 pg/mL at 2, 14, and 26
weeks in a subanalysis of the TRIUMPH trial. NT-proBNP=N-terminal pro-brain natriuretic peptide; TRIUMPH=Transfusion Reduction
Efficacy and Safety Clinical Investigation Using Eculizumab in Paroxysmal Nocturnal Haemoglobinuria. Adapted from Hill A et al.

Br ] Haematol. 2010;149:414-425.

6 Clinical Advances in Hematology & Oncology Volume 10, Issue 11, Supplement 21 November 2012



ment. Eculizumab was administered as described for the
TRIUMPH study. At the end of 26 weeks of treatment
with eculizumab, the proportion of patients with elevated
NT-proBNP was reduced by 50% (Figure 2). In addition,
the reduction occurred without significant changes in
anemia. The results suggest that monitoring levels of these
various markers may provide insights into the thrombotic
mechanisms as well.

JS How frequently is this patient being monitored on
treatment, and what is being used to monitor him?

IW He is being monitored primarily through his LDH lev-
els. The last time I spoke with him, his LDH was 178 IU/L,
his hemoglobin was 13 g/dL, and his D-dimers were less than
110 ng/mL.

JS The response to eculizumab is primarily measured by
reduction in the LDH levels, freedom from or a reduc-
tion in transfusion requirements, and normalization of
D-dimers. Monitoring of flow cytometry is required to
ensure that the disease is still there rather than to assess
the response. Another important point is the frequency of
monitoring. Does the patient undergo formal monitoring
every 6 months or every 3 months?

IW Initially, he was monitored every week, then every 2
weeks starting on day 29, until he reached day 90 and showed
stability. Currently, he is being monitored every 3 months.

JS How often does he undergo flow cytometry?

IW Flow cytometry was not repeated. It is performed once
a year.

Anita Hill, MBChB (Hons), MRCP, FRCPath, PhD
Our regular monitoring for all patients with PNH,
particularly those on eculizumab, is every 3 months. We
check for transfusion history and blood count, and assess
end organ function. All patients on therapy undergo
assessment of PNH clone size every 3 months.

IW PNH clone size is checked every 3 months?

AH Yes. It could be argued that less frequent monitoring
might be appropriate for some of the patients who have
been on therapy for 10 years and have remained with very
stable percentages of PNH cells. We have seen a small num-
ber of patients who have a clone size that is beginning to fall.
We have 1 patient who will likely stop treatment because
of falling clone size in the next 18 months, and a further
2 who have been able to stop therapy due to spontaneous
resolution of their PNH clone. This monitoring informs
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us of how the bone marrow might be impacting the clone.
Similarly, the percentage of PNH cells may also increase.
This is a further indication for regular monitoring of both
the proportion of PNH cells and end-organ damage.

JS That was the point that I was trying to highlight. At
my institution, patients are monitored at least once every
6 months. The International Clinical Cytometry Society
(ICCS) has defined the appropriate testing for the diagno-
sis and monitoring of PNH. In patients with established
and stable disease, it was recommended that the clone size
be reassessed at annual intervals unless changes in clini-
cal or hematologic parameters occur, in which case more
frequent monitoring is required.’

IW We have trouble getting such tests done repeatedly
because they are not performed in-house. In this patient,
for example, his insurance required that flow cytometry
be performed at his primary site. Such constraints make it
difficult for us to increase the frequency of these tests. If we
are able to get it done, we try to repeat the flow cytometry
yearly. If there were a consensus statement from either the
PNH Interest Group or the ICCS for more frequent test-
ing, it would be easier to do it. Currently, the recommenda-
tions from the ICCS are for yearly testing.

JS Itis not completely uncommon for a patient to have a
change in the underlying disease status. I had one patient
whose clone disappeared. This particular patient was hav-
ing problems with fatigue, transfusion dependence, and
quality of life in general, rather than end-organ damage.
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Paroxysmal Nocturnal Hemoglobinuria:

Case 2

Anita Hill, MBChB (Hons), MRCP, FRCPath, PhD
Consultant Haematologist and Honorary Senior Lecturer

Department of Haematology
St James’ Institute of Oncology
Leeds Teaching Hospitals
Leeds, United Kingdom

The patient was a 19-year-old university student with no
medical history. His university degree was being funded
by the Royal Air Force. During one of his Air Force
training sessions, he became quite exhausted. He went
back home and passed urine the color of Coca-Cola.
He attended the Emergency Department and was found
to have a hemoglobin of 7 g/dL. He first underwent a
computed tomography (CT) scan, which excluded
genitourinary problems. He was then transfused with
2 units of packed red cells. A junior doctor diagnosed him
with march hemoglobinuria. The patient was told that he
would get better with some rest.

So, as many university students tend to do when they
do not feel well, he went back home to his parents. He did
not feel better, and he was admitted to his local hospital.
He was continuing to pass dark urine. They noted on
admission that his creatinine was 260 pmol/L, with an
LDH of over 5,000 U/L. The local doctors quickly made
the diagnosis of PNH. They excluded renal vein thrombo-
sis with a renal ultrasound scan as a cause of his acute renal
impairment. They gave him intravenous fluid, which did
actually start to improve his creatinine, commenced him
on prophylactic anticoagulation, gave him folic acid, and
then sent him to St. James’ University Hospital in Leeds
for a review.

When we saw him, we thought that either an infec-
tion or strenuous activity during the training session
had precipitated this attack. He had previously been
extremely fit and well. His hemoglobin, close to transfu-
sion, was 9.6 g/dL; he had a normal white cell count, a
normal neutrophil count, and a normal platelet count of
260,000/pL. Creatinine had improved to 149 pmol/L.
LDH was still significantly raised, and flow cytometry
showed 87% PNH granulocyte with 22% red blood
cells. The discrepancy between the granulocyte and red
blood cell clone is found because hemolysis reduces the
red cell clone size, and blood transfusion reduces the
proportion of PNH red cells.

We then had a long discussion with him about his
disease, and what it might mean to him. Obviously, we
discussed commencing eculizumab therapy. His diagnosis
was a classical, highly hemolytic PNH. He had already
needed one transfusion, and he had experienced renal
impairment. Although this impairment was probably
reversible, it showed that he was clearly at risk of continu-
ing renal damage.

Understandably for a 19-year-old, he was concerned
about the potential impact of having 2 weekly infusions for
the rest of his life. He was also concerned about staying on
anticoagulation, which could be difficult given his responsi-
bilities in the Royal Air Force. He said that he was “fine” and
would see how he got on. Although he was more tired than
usual, he was coping with his usual exercise regimen. We
agreed to follow him intermittently. When he came back to
visit us 5 weeks later, he said he was managing once again.
His hemoglobin was still about 10 g/dL. His LDH was still
well above 2,500 U/L. He did also admit that the Royal Air
Force was not putting him on any strenuous activity.

With continuing follow-up, he reported erectile
dysfunction, which he discussed with his primary care
physician. His hemoglobin again fell to 7.5 g/dL. He
started taking iron. He kept reporting that he felt well
enough to manage, and we carried on discussing ecu-
lizumab. His renal function actually improved back to
normal levels. We noticed some proteinuria on dipstick
testing. We routinely evaluate for proteinuria in all
patients, particularly those who are untreated, to look
for early signs of tubular damage. His LDH was consis-
tently between 2,500 and 5,000 U/L. At university, his
examination results started to fall by 20%, and, unlike
most university students, he was now going to bed at
9 pMm. We measured his pulmonary pressures 1 year after
presentation, and his central pulmonary artery pres-
sure was 47 mm Hg. At this point, we told him that he
was now not just developing symptoms, but also renal
consequences and pulmonary consequences of chronic
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Figure 3. Improvement of fatigue in the SHEPHERD trial. FACIT-F=Functional Assessment of Chronic Illness Therapy-Fatigue instrument.
P<.001 at all measured time points as compared with baseline using the signed rank test. SHEPHERD=Safety in Hemolytic PNH Patients
Treated With Eculizumab. Adapted from Brodsky RA et al. Blood. 2008;111:1840-1847 and Brodsky RA et al. Blood. 2008;111:1840-1847.

hemolysis. We stressed that these conditions were having
an impact on his life and potentially his future with the
deterioration of the examination results.

After consideration, he started therapy in September
2011. The impact on his life was huge. His energy level
returned to normal, and he had forgotten what that had
fele like. In January 2012, we repeated his central pulmo-
nary artery pressure, which was now normalized. Luckily,
his disease was caught in time to reverse some of these
consequences. His latest red cell clone size shows that
PNH granulocyte is 98.5%, with total red cells of 78%.

Discussion

Jeff Szer, MBBS, FRACP Did the patient require trans-

fusion along the way?

AH He required just 1 transfusion at presentation, and
a further one later during an infection. This case is a
good example of a patient who, despite a high level of
hemolysis, required very infrequent red cell transfusions.
This is not at all uncommon and is accounted for by
the compensatory increased erythropoiesis allowing the
maintenance of reasonable hemoglobin levels. It should
be understood that these patients are still at risk of all the
complications of PNH.

JS Would he have been eligible for enrollment in the
SHEPHERD (Safety in Hemolytic PNH Patients Treated
With Eculizumab) study? This open-label, non—placebo-
controlled, phase III trial enrolled 97 patients at 33 inter-
national sites.! Eculizumab was administered as it was for
the TRIUMPH study, but treatment lasted for 52 weeks.
SHEPHERD showed an 87% reduction in hemolysis, as
measured by LDH levels (P<.001). The FACIT-Fatigue
Instrument showed that fatigue scores improved by
12.2 +/- 1.1 points from baseline (P<.001), bearing in
mind that an increase of at least 3 points denotes a clinically
important improvement (Figure 3). This result is consistent
with the TRIUMPH findings that also showed a clinically
important improvement in fatigue from eculizumab based
on the same questionnaire (P<.001)."?

AH Yes, he would have been eligible for the previous
SHEPHERD trial that highlighted how patients suffer
due to the hemolysis, which is not always represented by
their transfusion requirements.

Ilene Ceil Weitz, MD An important point is that even
though the patients hemoglobin was approximately
10 g/dL, he still had the symptomatology consistent
with PNH. So, again, we have this disconnect: the
patient received a transfusion, but he did not feel better
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Table 2. Pulmonary Hypertension in PNH

Three different patient cohorts show high prevalence of
pulmonary hypertension using 3 different measurements:

* 47% of patients with elevated NT-proBNP =160 pg/mL'

* 43% of patients with mild to moderate and 7% severe pulmo-
nary hypertension as evidenced by cardiac Doppler imaging?

* 100% of patients with elevated BNP?
— 80% with reduced right ventricular ejection fraction
— 60% had evidence of subclinical PE

—50% had no history of transfusions

NT-proBNP=N-terminal pro-brain natriuretic peptide; PE=pulmonary
embolism; Data from 1. Hill A et al. Blood. 2008;112(11): Abstract
486. 2. Hill etal. BrJ Haematol. 2006;133(suppl 1): Abstract 316.

3. Hill et al. Blood. 2006;108(11): Abstract 979.

(Figure 3). So it was not the hemoglobin level that was the
best indicator of disease, but the fact that he had ongo-
ing complications, such as hemoglobinuria and PHTN
(Table 2). It is the complement inhibition brought about
by treatment with eculizumab, and not the transfusion,
that changed the outcome for him.

AH Yes. We have an increasing understanding about the
symptoms seen in PNH, with nitric oxide depletion likely to
play a significant role. The fatigue is often out of proportion
to the hemoglobin level. Anemia is therefore not the only con-
tributor to this symptom in this disease. Nitric oxide depletion
and the presence of a chronic inflammatory state due to the
release of C5a also significantly contribute to fatigue.

JS He probably would have had an unnecessary cystos-
copy if his urine had been red rather than black.

AH Absolutely. These patients, probably not surpris-
ingly, are sometimes referred to a urologist and undergo
investigations for a long period before (hopefully)
someone realizes they do not have hematuria but in fact
hemoglobinuria.

JS It is surprising to see how many patients with hemo-
globinuria undergo a couple of cystoscopies before a
blood count is performed.

IW I have one patient who had undergone 5 cystoscopies,
starting when she was in her 30s. She had been diagnosed
with possible bladder cancer but never had positive cytol-
ogy, and spent 15 years with hemoglobinuria before she
was diagnosed with PNH.
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The patient was, at the time of diagnosis, a 44-year-old
dairy farmer. She presented with a painful deep venous
thrombosis and had an unsuspected PE at the time of
diagnosis. She was anticoagulated and at the time had a
hemoglobin of 6.7 g/dL. She received a blood transfusion.
Opver the next couple of years, she received an average rate
of about 1 unit of red blood cells per month. Subsequently,
a bone marrow biopsy showed erythroid hyperplasia, which
prompted flow cytometry. A diagnosis of PNH was made,
with a red cell clone of 30% and a granulocyte clone of
52%. The patients LDH level was 4,890 U/L, which is
about 10 times the upper limit of normal. She continued
to receive transfusions and began anticoagulation therapy
with warfarin, when she enrolled in the TRIUMPH trial.!

TRIUMPH randomized 87 patients to receive either
eculizumab, administered as described previously, or
placebo for a total of 26 weeks. Of the 43 patients ran-
domized to eculizumab, 21 (49%) showed stabilization of
hemoglobin levels in the absence of transfusions (P<.001).
Patients on placebo received a median 10 units of packed
red blood cells versus 0 units for patients in the treatment
arm (P<.001). A reduction in hemolysis, as determined
from LDH analysis, was also observed in patients treated
with the antibody (P<.001). As mentioned above, quality
of life improved with eculizumab treatment as measured
by the FACIT-Fatigue Instrument (P<.001). Serious
adverse events were recorded for 4 patients in the drug
treatment arm and 9 patients in the placebo arm, and all
patients recovered without sequelae.'

The patient described in this case study was enrolled
in the TRIUMPH trial in 2005 and showed a rapid
improvement with eculizumab treatment. She continued
on anticoagulation as the trial required and had a marked
reduction in transfusion dependence. She required
roughly 1 transfusion per year over the next couple of
years. Transfusions were usually precipitated by a respira-
tory infection or especially busy times in the dairy.

In late 2008, she wanted to stop anticoagulation.
She had been on it for 5 years, without a further event,
and asked me about data supporting this approach.

I presented what information I had, although it was
mainly regarding primary prophylaxis. She made the deci-
sion to discontinue anticoagulation therapy.

In mid 2009, she had a cycling accident and fell over.
She developed a painful leg the next day. She was diag-
nosed with a deep venous thrombosis (DVT) in the same
leg as her pretreatment DVT, and a pulmonary embolus.
She was re-anticoagulated and stayed on that therapy
while continuing to receive eculizumab. Her level of LDH
was maintained just at the upper limit of normal; the last
result was approximately 460 U/L. The granulocyte clone
size is now 98%, and the red cell clone size is 4%.

The major impact on her life has been the ability to
wake up at 3:30 aM to milk the cows, and then make it
through an entire day. She reacquired a social life that she
had lost but had not quite realized why.

Discussion

JS This case raises the question of whether secondary
prophylaxis should be administered with anticoagulation.
I know that at Leeds, your policy is to continue anticoag-
ulation in patients who had previously had a thrombosis.
Is that correct?

Anita Hill, MBChB (Hons), MRCP, FRCPath, PhD
That is our standard. We have stopped secondary anti-
coagulation now in 3 patients: 2 because of varices and 1
because of a subdural hematoma. We probably are being
overly cautious about continuing secondary anticoagula-
tion, knowing the considerable and significant reductions
in thrombosis for patients with PNH on eculizumab
therapy. However, we are certainly stopping it when we
are concerned about bleeding risk.

Ilene Ceil Weitz, MD I think that is a question that the
PNH registry should answer because there will never be a
trial. Among patients who are receiving primary prophylaxis
only, we just follow their D-dimers. But in patients who have
conditions such as Budd-Chiari syndrome or major pulmo-
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Figure 4. Many mechanisms of thrombosis have been proposed, and many of them lead back to platelet activation. IL=interleukin;

NO-=nitrous oxide; PS=phosphatidylserine; TF=tissue factor.

nary emboli, the question is, can anticoagulation be stopped
once they are on treatment? Here is a patient who was on
treatment but had another event, but it was a provoked event
presumably. Right?

JS Yes. It is the only case of post-treatment, provoked
thrombosis that I have seen.

IW I have not seen any such cases, and we have stopped
anticoagulation in several patients.

AH Likewise, we also have not had any cases of thrombo-
sis in patients in whom we have stopped anticoagulation
after the initiation of eculizumab therapy.

JS Is there a consensus about continued treatment in
someone without comorbidities that might suggest an
increased bleeding risk, such as esophageal varices or a
history of cerebral events? In this case, should she have
stopped the secondary prophylaxis? Would you have
stopped her secondary prophylaxis in Leeds?

AH As mentioned, we would stop secondary anticoagu-
lation if we had concerns about bleeding risk. We have
already seen very significant hemorrhages in this group.
In other patients, we still believe that it is too early to

make that decision. However, among those patients in
whom we have stopped secondary prophylaxis, none have
experienced a recurrent thrombosis.

JS In meetings that I speak at, I quite frequently hear the
question, “Why not give the patient antiplatelet agents?”

AH The answer I give to that question is that many mecha-
nisms of thrombosis have been proposed, and many of
them lead back to platelet activation (Figure 4). However,
complement activation of the platelets would still occur
even if the cyclooxygenase pathway is blocked. There is no
benefit in these patients for the use of antiplatelet agents to
prevent thrombosis related to PNH.

IW Thromboses in these patients mostly occur on the
venous side, and the use of aspirin for secondary prophy-
laxis from the venous side is pretty poor. There is, however,
one paper that has suggested a benefit from aspirin. A mul-
ticenter, double-blind trial suggested that aspirin reduced
the risk of recurrence of unprovoked venous thromboem-
bolism without an increase in the risk of bleeding,” but this
study was not performed in PNH patients.

AH The issue with PNH is that obviously quite a significant
yq g
proportion of the thromboses that occur are not venous.
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This means that thrombosis in PNH comes back to plate-
let activation. In the past, we investigated for PNH more
in patients who had Budd-Chiari syndrome and cerebral
venous thromboses, and less in patients who presented with
arterial strokes and myocardial infarctions. Whereas now,
when we are looking at young patients with unexplained
strokes, we are finding PNH. We have had several young
people with strokes this last year diagnosed with PNH.

JS Yes. So the bottom line is that we have no data to sup-
port the use of antiplatelet agents.

AH Absolutely.

IW For this patient, it is important to stress that her throm-
boembolic event was not spontaneous, it was provoked. She
did not stop her eculizumab. Is that correct?

JS Not for a minute.

IW So it is a provoked event due to the trauma of the
bicycle accident.

CLINICAL ROUNDTABLE MONOGRAPH

AH Was she adequately dosed?

JS Her LDH level did not budge. She still required the
occasional transfusion in the context of infections or a
busy milking period. The only provoking event was the
cycling accident, which caused significant leg trauma.
That could have happened to anyone. However, she is not
going to ask to stop anticoagulation again.
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Slide Library

Paroxysmal Nocturnal
Hemoglobinuria (PNH)

A rare, acquired disorder characterized by chronic intravascular
hemolysis as the primary clinical manifestation

Mord es include anemia, thrombosis, and bone marrow failure

Caused by the acquisition of a somatic mutation of the gene
phospha linositol glycan anchor [PIG-A) in a multipotent
hematopoietic stem cell (H5C), with clonal expansion of the mutated
HSC. The mutation causes a deficiency in the synthesis of
glycosylphesphatidylinositol (GPI)

Although all blood cells are affected—and are therefore susceptible
to complement-mediated attack—Iysis of red blood cells is the most
obvious manifestation of the disorder

Eculizumab in PNH

A humanized monoclonal antibedy against the C5
complement protein

The only effective drug therapy for PNH
Prevents cleavage of the C5 protein by C5 convertase, in

turn preventing generation of C5b-9 and resultant
hemolysis of cells lacking the CD59 surface protein

A Subanalysis of the TRIUMPH Trial

Explored the relationship betwean several markers and measures of pulmanary
hypertension in 73 patients with PNH from the TRIUMPH study

47% of patients had levels of N-terminal
160 pg/mL, which has been shown to indicate pulmonary hypertension

B0% of patients had reduced right ventricular ejection fraction, 60% had
evidence of subelinical PE, and 50% had no history of nsfuslons

Within 2 weeks of treatment with eculizumab, the proportion of patients with
elevated NT-proBNP was reduced by 50%. The reduction occurred without
significant changes in anemia

The results snﬁgut that monitoring levels of these various markers may provide
Insights into the thrombotlc mechanisms

VA ot ol b Hnpmatal 383045404435

Impaired Quality of Life in PNH

* Burden of fatigue and impaired quality of life was extensive in

a study of 29 PNH patients:
96% complained of fatigue
76% were forced to modify their daily activities to manage their
PNH
17% were unemployed due to PNH
>50% reported abdominal pain, headache, and dyspnea
Patients commonly reported dysphagia (41%) and erectile
dysfunction (100% in males)
The symptoms were not related to anemia or transfusion. Most
symptoms were rated as moderate to very severe, and a
substantial majority reported distress associated with the
symptoms

Dot Feorm Wit | ot al irdeen Mot £, 3503 A £2. ok 303930 144§ 5903.09514 . [Epulb basad of prnt]

The TRIUMPH Trial

Examined the safety and efficacy of eculizumab versus placebo in 87
patients

Eculizumab was administered by intravenous infusion of 600 mg weekly
for the first 4 weeks, followed by 900 mg on week 5, and then 900 mg
every 14 days thereafter through week 26

The study showed a significant reduction in intravascular hemolysis
with eculizumab

The baseline score of fatigue increased by 6.4 points with eculizumab
treatment

The anemia did not complately resolve. Instead, it was tha hemolysic
that appeared to be the main cause of diminished quality of life in
patients with PNH

FRILIMPH. Trassfunion Rauction Effcacy and Lafety Chrical Investigation Usng Foulzumabs in Baraeysal Machumal

From Hillmen P et al. M EoglJ Med. 20035 3.

The SHEPHERD Trial

d, phase Il trial that enrolled 97

Eculizumab was administered as it was for the TRIUMPH study, but
treatment lasted for 52 weeks

There was an 87% reduction in hemolysis, as measured by LDH levels
(P<.001)

The FACIT—Fatigue Instrument showed that fatigue scores improved by
12,2 +/-1.1 points from baseline (P<,001). (An increase of at least 3
points denotes a clinically important improvement.)

This result is consistent with the TRIUMPH findings that also showed a
clinically important improvamant in fatigue from eculizumab basad on
the same guestionnaire || 01)

FACITHFu 0 e Therapy; SHEPHERDwSa ety in Hemok
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Monitoring of Patients Receiving

Treatment for PNH Thrombosis in PNH

Transfusion history * Rates of clinical thrombotic events in recent trials
TRIUMPH: venous 85% and arterial 15%
Blood count REGIS: 1

- South Korean Registry: 18%?
Assessment of end-organ function

* Leading cause of death’
Assessment of PNH clone size Accounts for 40-67% of deaths’
First thrombotic event can be fatal
Median time to TE is 2.1-2.3 years from diagnosis*
First TE increases risk of death 5-fold to 10-fold'
Contributes to end-organ damage
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Curta From 2, Hilmen P exal, B, . LK et al it/ Hematal. 201,93 364 3 Lee M et al.
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Why Antiplatelet Agents
Are Not Used in PNH

Risk of Thrombosis in PNH

* Risk of thrombosis is inherent with PNH and is difficult to * Many mechanisms of thrombosis have been proposed,
measure and many of them lead back to platelet activation.
However, complement activation of the platelets would

SRR S LR SIS 0 U ) still occur even if the cyclooxygenase pathway is blocked

multiple reports of serious thrombotic events in patients
with smaller clone size (as low as 9%) Thromboses in PNH patients frequently occur on the
No correlation with transfusion dependency, the degree of venous side, and the use of aspirin for secondary
anemia, or the degree of hemolysis prophylaxis of thromboses from the venous side has
Thrombosis is reported in patients with low levels of poor results

hemolysis or no hemolysis (PNH Il cells, PIG-M mutations) There is no benefit for the use of antiplatelet agents to

prevent thrombosis in patients with PNH

PIG-phosphatidyiinasts ghcan,

For a free electronic download of these slides, please direct your browser
to the following web address:

http://www.clinicaladvances.com/index.php/our_publications/hem_onc-issue/ho_november_2012/
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