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Thelong-acting complement inhibitor ravulizumab has
recently been approved for the treatment of patients
with paroxysmal nocturnal hemoglobinuria (PNH) in
first line or after treatment with eculizumab.1–3 The

trials investigating efficacy of ravulizumab demonstrated non-
inferiority compared to eculizumab.2,3 Thus the indication for
changing to ravulizumab is mainly related to quality of life and
economization of healthcare due to less frequent dosing.
However, no recommendations regarding the switch of patients
requiring more than the standard dose of eculizumab to
ravulizumab are available, as these patients had been excluded
from clinical trials.3 We report on a 48 year-old male who was
diagnosed with PNH in 1994. When we offered eculizumab for
treatment, the patient declined due to the frequent hospital visits
associated with eculizumab administration. In 2014, his general
condition suddenly worsened, and he suffered from severe
abdominal pain. The lactate dehydrogenase (LDH) level was
2191U/l and the neutrophil granulocyte clone size amounted to
99%. A magnetic resonance tomography scan revealed Budd-
Chiari syndrome and portal vein thrombosis together with
splenomegaly and ascites. The patient agreed to eculizumab
therapy and therapeutic anticoagulation with phenprocoumon.
However, using the standard dose of eculizumab (900mg every
2 weeks), no sufficient reduction of hemolysis could be achieved
and the dose had to be increased stepwise to 1800mg every
two weeks.
When ravulizumab was approved by health authorities, we

discussed a switch to this long-lasting complement inhibitor and
offered this treatment to our patient who consented. The
standard procedure to switch from eculizumab to ravulizumab
Department of Internal Medicine I, Division of Hematology and Hemostaseology;
Medical University of Vienna, Austria
Author contributions: WF and PV analyzed the data and wrote the paper.
WF received honoraria from Alexion and Novartis.
PV received honoraria from Alexion, Celgene, Deciphera, Pfizer, Blueprint,
Astellas, Incyte and Novartis.
Copyright © 2020 the Author(s). Published by Wolters Kluwer Health, Inc. on
behalf of the European Hematology Association. This is an open access article
distributed under the terms of the Creative Commons Attribution-Non
Commercial-No Derivatives License 4.0 (CCBY-NC-ND), where it is permissible
to download and share the work provided it is properly cited. The work cannot
be changed in any way or used commercially without permission from the
journal.
HemaSphere (2020) 4:4(e455). http://dx.doi.org/10.1097/
HS9.0000000000000455.
Received: 13 May 2020 / Accepted: 22 June 2020

1

for a patient weighing 80kg (as the patient described here)
consists of a loading dose of 2700mg ravulizumab, followed by a
maintenance dose of 3300mg after 2 weeks and, thereafter, 3300
mg every 8 weeks.2,3 Due to the high dose of eculizumab required
in our patient, an increased loading dose of 3300mg, equivalent
to the maintenance dose was chosen to ensure sufficient amounts
of circulating antibodies upfront to avoid breakthrough
hemolysis (BTH) between loading and first maintenance dose.
On day one of ravulizumab therapy, the patient suffered from a
common cold accompanied by mild hemolysis (LDH level 405U/
l). Two weeks later the common cold had resolved, LDH
amounted to 264U/l, and total hemolytic complement (CH50,
determined using the auto kit CH50 assay (Fujifilm) on a Cobas
C501 device by Roche) was 10.6U/ml, suggesting adequate
control of hemolysis and complement activity following the
ravulizumab loading dose. We therefore continued and adminis-
tered the first maintenance dose of ravulizumab with 3300mg.
Based on the dosing-regimen of eculizumab, we assumed that the
weight-adjusted maintenance dose of 3300mg ravulizumab
should result in sufficient control of hemolysis for at least 4
weeks. We subsequently examined LDH, CH50 and blood
counts 4 weeks after the first maintenance dose and thereafter
every week (Table 1). To determine the optimal dosing-interval in
our patient, we chose an increase of LDH to >1.5� the upper
limit of normal (ULN) as trigger for next dosing. At week 8, the
LDH exceeded this 1.5 � ULN threshold for the first time
(Table 1) so that we administered the secondmaintenance dose of
ravulizumab. To rule out the possibility that the relatively long
dosing-interval was caused by a high concentration of circulating
antibody following the increased loading dose, we continued to
monitor LDH levels weekly (Table 2). Eight weeks after the
second maintenance therapy no increase of LDH to>1.5� ULN
was found and therapy was again administered as planned.
During the switch period, the patient did not develop BTH or
other adverse events and is now on a stable regimen with the
weight-adjusted dose of ravulizumab of 3300mg every 8 weeks.
While eculizumab has led to a major improvement in survival

and quality of life in patients with PNH,4 the necessity for
frequent dosing (associated with hospital visits in many
countries) as well as restrictions in holiday planning have kept
some patients from starting potentially life-saving therapy.
Indeed, our patient had initially declined complement inhibitor
therapy despite being informed about the risk of untreated
PNH5,6 and had accepted treatment only after a near fatal
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Table 1

Laboratory Values During Switch From Eculizumab to Ravulizumab.

Last
eculizumab

Loading
ravulizumab

∗
Maintenance
ravulizumab Week 4 Week 5 Week 6 Week 7 Week 8

LDH, U/l (<250) 271 405 264 263 342 277 302 401†

CH 50, U/ml (31.6–57.6) nd <10 10.6 <10 <10 <10 14.7 15.9
Hb, g/dl (13.5–18.0) 10.7 9.1 10.3 11.5 11.7 9.7 10.6 10.3
Reti, G/l (32–110) 306 232 346 304 355 322 351 338

Values in brackets represent the normal range. CH 50 = total hemolytic complement, Hb = hemoglobin, LDH = lactate dehydrogenase, nd = not done, Reti = reticulocyte count. “week” denotes time after
ravulizumab maintenance dose.
∗
at this time point the patient was suffering from common cold.

† serum hemolytic.

Table 2

Laboratory Values During the Second “Cycle” of Ravulizumab

Week 5 Week 6 Week 7 Week 8

LDH, U/l (<250) 314 315 286 286
CH 50, U/ml (31.6–57.6) 17.6 15.2 15.5 18.7
Hb, g/dl (13.5–18.0) 10.8 10.6 11.3 9.5
Reti, G/l (32–110) 325 298 336 242

Values in brackets represent the normal range.
CH 50 = total hemolytic complement, Hb = hemoglobin, LDH = lactate dehydrogenase, Reti =
reticulocyte count. “week” denotes time after previous ravulizumab maintenance dose.

Füreder and Valent Switching From High-Dose Eculizumab to Ravulizumab
complication of the disease. Following the approval of
ravulizumab in Europe in 2019, patients may switch from
eculizumab to ravulizumab outside of clinical trials. Such a switch
has been described in clinical trials for patients receiving the
approved dose of eculizumab.2,3 In patients treated with
eculizumab who have an insufficient response to this drug,
either the dosage may be increased or the interval between the
doses are shortened.4 However, no data exist on the modality and
the dosing scheme for ravulizumab in patients requiring higher
doses of eculizumab. In our patient sufficient control of hemolysis
could only be achieved by doubling the standard dose of
eculizumab. Potential risks associated with the switch from high-
dose eculizumab to ravulizumab such as BTH, seemed acceptable
and manageable due to continuous monitoring. Indeed, no BTH
or other adverse events were recorded in our patient. An
interesting observation was that a “standard” ravulizumab
dosing-interval of 8 weeks was sufficient in a patient previously
treated with a double standard dose of eculizumab. Even though
previous clinical trials have shown that ravulizumab seems to be
slightly more potent than eculizumab at standard dosing, no
significant differences in LDH normalization, transfusion-
2

frequency or BTH were observed.2,3 To determine whether an
accumulation of antibody due to the loading dose might have
contributed to the long interval in the first “cycle,” we repeated
the LDH monitoring in a second “cycle,” but again no BTH
occurred. One might also speculate that the disease activity in our
patient could have abated spontaneously over time and even
with a standard dose of eculizumab a satisfactory control of
hemolysis might have been achieved at the time of switching to
ravulizumab.
Together, switching our patient from higher than approved

doses of eculizumab to ravulizumab was well-tolerated and
control of hemolysis was achieved with the standard dose of
ravulizumab. However, more patients and a longer observation
time are required—preferably in a clinical trial—to define
standards for the switch of PNH patients from high-dose
eculizumab to ravulizumab.
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