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                                      Plasmapheresis Prior to Omalizumab Administration in 
a 15-Year-Old Boy with Severe Asthma and Very High IgE 
Levels: Sustained Eff ect Over 2 Years
  Plasmapherese vor Omalizumab-Gabe ermöglicht eine Anti-IgE-Therapie trotz 
sehr hoher IgE-Serumspiegel bei einem 15-jährigen Jungen
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                                      Abstract
 ▼
   Background:     Anti-IgE therapy with omalizu-
mab is an innovative therapy option in patients 
with severe allergic asthma. However, many pa-
tients are excluded from this treatment due to 
very high serum IgE levels which lie above the 
weight-dependent cut-off  for a reasonable oma-
lizumab administration (700 kU/l). 
  Objective:     We sought to evaluate whether a 
preceding plasma exchange is suitable to estab-
lish the starting basis for a subsequent anti-IgE 
therapy in a 15 year-old boy with steroid-resist-
ant unstable allergic asthma whose pretreat-
ment serum IgE levels ranged between 3 000 and 
8 000 kU/l.   
  Methods:     Our aim was to create a period with 
relatively low IgE serum concentrations, which 
could be overridden by a high dose of omalizum-
ab. 3 sessions of plasmapheresis were performed 
and 3 × 3 000 ml plasma were exchanged against 
albumin solution.  
   Results:     We removed an absolute amount of 
8 650 kU total IgE. During plasmapheresis, se-
rum IgE levels markedly declined and fell below 
500 kU/l. Immediately after the third plasma ex-
change, we started omalizumab therapy. As ex-
pected, total IgE levels began to rise again upon 
cessation of plasmapheresis, and after 2 months 
the pre-treatment values were reached. In con-
trast, serum concentrations of free IgE remained 
stable on a level of about 80 kU/l during the 
whole observation period. During this period, 
the boy displayed a considerable improvement 
of asthma control and an increase in quality of 
life. In addition, his previously poor lung func-
tion normalized.   
  Conclusions:     Plasmapheresis prior to oma-
lizumab administration is suitable to temporar-
ily reduce grossly elevated serum IgE levels and 
might facilitate anti-IgE therapy in selected pa-
tients previously considered not suitable for this 
therapy. 

    Zusammenfassung
 ▼
    Hintergrund:     Die Gabe von Anti-IgE-An-
tikörpern (Omalizumab) ist eine innovative 
Therapieoption bei Patienten mit schwerem al-
lergischem Asthma. Vielen Patienten bleibt diese 
Therapie jedoch verwehrt, da sie sehr hohe IgE-
Spiegel haben, welche über dem oberen Grenz-
wert für eine Omalizumab-Therapie liegen.   
  Frage stellung und Methoden:     Die Frage-
stellung unseres Heilversuchs war daher, ob 
durch eine vorausgehende Plasmapherese der 
IgE-Serumspiegel bei einem 15-jährigen Jungen 
mit schwerem ste roidresistentem Asthma und 
mit sehr hohen IgE-Spiegeln (bis 8 000 kU/l) der-
art gesenkt werden kann, dass eine erfolgver-
sprechende Ausgangsbasis für eine Anti-IgE-
Therapie geschaff en wird.   
  Ergebnisse:     Im Rahmen von 3 Plasmapheresen 
tauschten wir insgesamt 9 000 ml Plasma aus 
und entfernten dabei 8 650 kU IgE (absolut). Hier-
durch sanken die IgE-Spiegel stark ab und fi elen 
auf Werte unter 500 kU/l. In dieser Phase der 
niedrigsten IgE-Spiegel begannen wir eine Oma-
lizumab-Therapie. Während die Serumspiegel 
an Gesamt-IgE erwartungsgemäß wieder stie-
gen, blieben die Spiegel an freiem IgE (= nicht an 
Omalizumab komplexiert) während der gesam-
ten Beobachtungsperiode auf einem bemer-
kenswert niedrigen Niveau von 80 kU/l. Parallel 
zu den laborchemischen Veränderungen zeigte 
sich eine deutliche klinische Besserung der Asthma-
symptomatik.   
  Schlussfolgerungen:     Die Plasmapherese vor 
Omalizumab-Therapie ist somit geeignet, IgE-
Serumspiegel signifi kant zu reduzieren. Sie 
könn te ein zusätzlicher Therapiebaustein bei 
ausgewählten Patienten sein, bei denen sehr 
hohe IgE-Spiegel einer Erfolg versprechenden 
Anti-IgE-Therapie im Wege stehen.  
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        Non-standard abbreviations
 ▼
    DPI     dry powder inhaler 
   FeNO     fractional exhaled nitric oxide 
   FEV     forced expiratory volume 
   GINA     Global Initiative Against Asthma 
   MEF     mid-expiratory fl ow 
   MDI     metered dose inhaler 
   PBMC     peripheral blood mononuclear cell 
   PEF     peak expiratory fl ow 
   PICU     pediatric intensive care unit 
    s R     specifi c airway resistance 

     Introduction
 ▼
   Immunoglobulin E (IgE) plays an important role in the patho-
genesis of allergic asthma   [ 5   ,  15 ]  . Bound to mast cells in the air-
way mucosa, IgE generates the interface between the allergen 
and the immune system and hence critically participates in the 
mediation of the local infl ammatory response   [ 11 ]  . It has long 
been questioned whether the removal of humoral infl ammatory 
factors by means of plasma exchange could improve the clinical 
condition in asthma   [ 8 ]  . However, reports about the use and the 
eff ectiveness of plasmapheresis in severe asthma are very rare 
and the outcomes of the patients were not encouraging with re-
gard to long-term disease control   [ 2   ,  8   ,  9   ,  17 ]  . All these studies 
examined the eff ect of an isolated plasma exchange in severe 
asthma without an additional simultaneous immunomodulat-
ing approach. Our aim was to evaluate whether a preceding 
plasma exchange is suitable to establish the starting basis for a 
subsequent anti-IgE therapy in an asthma patient with very high 
IgE serum levels.
  Omalizumab is a humanized monoclonal anti-IgE antibody 
  [ 6   ,  20 ]  , which was licensed for the application in patients with 
serum IgE level below 700 kU/l when the patient presented   [ 13 ]   
and below 1 500 kU/l since 2010, which precludes many patients 
with severe allergic asthma who have IgE levels above this cut-
off .

    Case report
 ▼
   We report our observations on the application of a plasma ex-
change procedure preceding anti-IgE therapy in a 15-year-old 
boy with severe allergic asthma whose serum IgE levels varied 
between 3 000 and 8 000 kU/l   [ 16 ]  . During childhood, the boy 
had dozens of hospital admissions due to acute exacerbations. In 
the year before the fi rst admission to our department, he had 4 
emergency admissions, including 2 admissions to the PICU. On 
presentation in our outpatient clinic for Pediatric Allergology 
and Pneumology, he suff ered from constant dry cough, dyspnea 
and wheezing. He reported repeated awakening every night due 
to asthma symptoms. The physical capacity was reduced with a 
limitation in daily activities. As the supervisory school authority 
had declined the further school attendance, the boy was at home 
since more than 1 year. Lung function at that time was heavily 
impaired with a severe bronchial obstruction (FEV 1 : 49 %, MEF 50 : 
30 %, MEF 25 : 22 %,  s R: 278 %) and an accompanying pseudo-re-
striction. FeNO was 114 ppb (Niox mino ® ; Aerocrine, Solna, Swe-
den). According to GINA criteria   [ 10 ]  , this asthma has to be clas-
sifi ed as severe asthma. Skin prick test revealed a signifi cant 

sensitization against grass pollen, rye pollen,  Cladosporium her-
barum , cat dander, dog dander, horse hair, and rabbit hair. Sero-
logic laboratory tests at initial presentation in our department 
showed a highly elevated specifi c IgE against  Phleum pratense , 
rye, dog, and cat with a total IgE of 4 170 kU/l (      ●  ▶    Table 1  ). When 
we took over medical care, the boy had an extensive anti-asth-
matic therapy, including oral steroids, which had induced an ia-
trogenic Cushing syndrome. The detailed characteristics of the 
pharmacotherapy on initial presentation are shown in       ●  ▶    Table 2  . 
Although formally the boy was a good candidate for a therapeu-
tic attempt with omalizumab, the high serum IgE level preclud-
ed an application according to the current guidelines. Therefore, 
we sought a way to reduce the boy’s pre-treatment IgE load. The 
general idea was to create a period with relatively low IgE serum 
concentrations, which could be overridden by a stoichiometri-
cally high dose of omalizumab.
      After informed consent, plasmapheresis was performed with a 
BM25 blood monitor and balance system (Edwards Lifesciences, 
Unterschleissheim, Germany) using a BT900 membrane plasma-
fi lter. During each of 3 plasmapheresis sessions, a total of 
3 000 ml was exchanged against a 5 % albumin solution. Overall, 
we removed an absolute amount of 8 650 kU IgE (measured in 
plasmapheresis fi ltrate). The dynamics of total serum IgE levels 
are shown in       ●  ▶    Fig. 1  . Our aim was to push the IgE level below 
the margin of 700 kU/l (upper cut off  for omalizumab therapy), 
which was achieved during the third plasma exchange. The low-
est serum IgE value we observed was 483 kU/l after the last plas-
mapheresis. Immediately after the third plasmapheresis session, 
we began an omalizumab therapy with 450 mg omalizumab 
(Xolair ® ) s. c. every 2 weeks.
   Upon cessation of plasmapheresis, total serum IgE levels began 
to rise despite the anti-IgE therapy (      ●  ▶    Fig. 2  ). After 2 months, 
pre-treatment values were reached again. This development was 
expected, as the used commercial IgE assay cannot distinguish 
between free IgE and complexed IgE   [ 12 ]  . The total IgE concen-
tration is the sum of free IgE molecules and IgE-containing im-
mune complexes with omalizumab   [ 18 ]  . As these IgE-omalizu-

  Table 1    Relevant laboratory fi ndings before plasmapheresis. 

    Actual value    Reference range  

  total IgE    4 170 kU/l    [ <  100 kU/l]  
  specifi c IgE against      
    phleum pretense     35 kU/l    [ <  0.35 kU/l]  
   rye pollen    25 kU/l    [ <  0.35 kU/l]  
   cat    209 kU/l    [ <  0.35 kU/l]  
   dog    186 kU/l    [ <  0.35 kU/l]  
  leukocytes    11.4 G/l    [4.5–10 G/l]  
  eosinophils    22 %    [1–4 %]  

  Table 2    Pharmacotherapy on fi rst presentation in our outpatient clinic. 

  Agent    Daily dose  

  fl uticasone/salmeterol    500 μg/50 μg bid per DPI (Diskus ® )  
  formoterol    12 μg per pMDI  
  prednisolone    50 mg p. o.  
  omeprazole    20 mg p. o.  
  montelukast    10 mg p. o.  
  ipratropiumbromide/fenoterol    20 μg/50 μg p. r. n per pMDI (was 

actually used 10–12 times a day)  
  cetirizine    10 mg p. o.  
  NaCl 0.9 %    2 ml tid per nebulizer  
  DPI: dry powder inhaler; pMDI: pressurized metered dose inhaler  
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mab complexes remain in the circulation until degradation in 
the liver, they contribute to the measured “total IgE” value   [ 7 ]  . 
Therefore, in addition to the commercial standard IgE assay, we 
also determined the free IgE levels   [ 3 ]  . In contrast to total IgE, 
the free IgE remained stable on a remarkably low level of about 
80 kU/l during anti-IgE therapy (      ●  ▶    Fig. 2  ).
   The anti-IgE treatment was accompanied by a noticeable clinical 
improvement. Due to subjective assessment (Asthma control 
test), the frequency of dyspnea and the severity of cough attacks 
markedly declined. His lung function improved and 1 month af-
ter therapy start, the FEV 1  increased and the specifi c resistance 
began to fall (      ●  ▶    Fig. 3  ). 10 months after therapy onset, he dis-
played a normal lung function analysis without obstruction 
(FEV 1 : 103 %, MEF 50 : 118 %, MEF 25 : 102 %,  s R: 162 %). The general 
clinical amelioration was accompanied by a drop in fractional 
exhaled nitric oxide (FeNO) which went down from 114 ppb to 
17 ppb (normal range: < 30 ppb) after 10 months. 1 year after 
onset of the anti-IgE therapy, the boy’s asthma had stabilized 
and he re-entered school. He had no further hospital admissions 
since the onset of this therapy. The last follow-up in our depart-
ment was 2 years after the intervention and the begin of omali-
zumab therapy. At that time, the boy was well and the asthma 
still controlled. By now, he attends a special residential school 
for asthmatic children.

     Discussion
 ▼
   There has been 1 small randomized pilot study in which Elling-
sen and co-workers examined the eff ect of plasmapheresis on 
asthma symptoms, PEF, need for systemic steroids, and require-
ment for beta-agonists in 4 adult asthma patients   [ 8 ]  . After re-
moving humoral factors over a 10 day period, none of the 4 pa-
tients displayed a signifi cantly amelioration of the clinical con-
dition. Therefore, the authors concluded that plasmapheresis is 
no treatment option in this patient group   [ 8 ]  . However, consid-
ering the IgE kinetics in our study with a doubling of serum lev-
els within 24 h, it is not surprising that a temporally limited re-
moval of infl ammatory factors over a period of some days has no 

long-lasting benefi t on disease activity. Our results show that 
the initial IgE levels are restored within days after cessation of 
plasmapheresis. This fi nding is in line with Lassalle et al., who 
described a patient with aspirine-sensitive asthma and IgE anti-
bodies against platelets   [ 17 ]  . Plasma removal by plasmapheresis 
in this patient induced a clinical improvement in parallel to a 
decrease in circulating anti-platelets IgE antibodies. After with-
drawal of therapy however, all respiratory symptoms reappeared 
progressively within 2 weeks.
  Therefore, in our present study we did not merely seek to re-
move as much IgE as possible, because we anticipated the with-
drawn IgE to be replaced very rapidly after cessation of plas-
mapheresis. Instead, our approach was to create a period with 
relatively low IgE serum concentrations, which could be overrid-

    Fig. 1    Kinetics of serum IgE during and after plasma exchange. The 
IgE level fell sharply during each plasmapheresis session and rose again 
afterwards. The lowest IgE value was observed directly after the third 
plasma exchange. In this trough, anti-IgE therapy was initiated. While 
total IgE levels steadily increased within the next days, levels of free IgE 
remained low. 
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    Fig. 2    Kinetics of total and free IgE during 10 months of omalizumab 
therapy. Despite the anti-IgE therapy, levels of total IgE began to climb 
again after cessation of plasmapheresis. The pre-treatment values 
were reached after 2 months of therapy. In contrast, the free IgE levels 
remained permanently low on a level below 100 kU/l. 
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    Fig. 3    Lung function before and after plasmapheresis. After plasma 
exchange and during omalizumab therapy the lung function continu-
ously improved. The FEV 1  clearly grew while the specifi c resistance ( s R) 
decreased. During this period, anti-asthmatic therapy with steroids was 
not altered. 
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den by a stoichiometrically high dose of omalizumab. This phase 
of low IgE levels could provide the opportunity for anti-IgE anti-
bodies to reach the periphery (e. g. the bronchial mucosa in the 
lung) and hence exert anti-infl ammatory as well as immu-
nomodulating eff ects. With regard to the favorable clinical 
course, we consider that the concept in our patient was success-
ful. The boy in our study displayed a marked improvement of 
asthma control and a noticeable increase in quality of life during 
the therapy. We consider that this benefi cial long-term course 
was mainly due to the omalizumab treatment following the 
plasma exchange, which has created the starting-point for an ef-
fective anti-IgE therapy. Plasmapheresis has also been used in 
various non-allergic chronic infl ammatory diseases to create a 
similar temporary “window of opportunity” for promising anti-
infl ammatory therapies   [ 1   ,  4   ,  19 ]  .
  Although the course in our patient was encouraging, the poten-
tial drawbacks and risks of plasmapheresis are not negligible. 
The placement of the central catheter is an invasive procedure 
which bears the risk of bleeding, thrombosis, and infection. 
Moreover, the costs of plasma exchange are considerable. There-
fore, despite the favorable outcome in the present case, we 
would like to point out that we consider plasma exchange only 
an additional therapeutic option in very selected patients. How-
ever, prior to additional plasma exchange, we would today 
strongly recommend to discuss the possibility of an isolated off -
label administration of a high dose of omalizumab despite high 
serum IgE levels. Although the current guidelines discourage the 
use of omalizumab in such a context   [ 14 ]  , there are recent re-
ports on the successful use of omalizumab in asthma patients 
with IgE levels above the licensed cut-off s   [ 21 ]  . Controlled stud-
ies with a higher number of patients are needed to evaluate the 
eff ectiveness and safety of omalizumab in patients with very 
high IgE levels.
  In conclusion, plasmapheresis might be considered as a valuable 
additive therapy option in combination with omalizumab in se-
lected patients with severe uncontrolled asthma with very high 
serum IgE levels after an ineff ective treatment attempt with 
omalizumab alone.  

    Acknowledgements
 ▼
   We gratefully thank Regina Stoehr, Sabine Jennemann, and Beate 
Heuser for technical assistance, the team of the PICU Kinderin-
tensivstation 7 and the team of the KfH-Kinderdialyse for the 
committed support. This work was funded by SFB/TR22 (TP 
A17) of the Deutsche Forschungsgemeinschaft and by a research 
grant by the University Hospital Giessen and Marburg GmbH.  

  Confl ict of interest:       The authors have no confl ict of interest to 
disclose. 


