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ABSTRACT
Objectives Schnitzler’s syndrome is a chronic disabling
autoinflammatory disorder, characterised by chronic
urticaria, paraproteinemia and systemic inflammation. The
interleukin (IL) 1 receptor antagonist anakinra is a very
effective treatment, but requires daily injection and blocks
both IL-1α and IL-1β. Canakinumab is a selective human
monoclonal anti-IL-1β antibody with a long half-life. We
investigated the long-term efficacy and safety of
canakinumab in Schnitzler’s syndrome.
Methods In an open-label, single-treatment arm trial,
eight patients with Schnitzler’s syndrome received
monthly injections with 150 mg canakinumab
subcutaneously for 6 months, followed by a 3-month
observation period. Primary outcome was complete or
clinical remission at day 14. Secondary outcome
measures included inflammatory markers, quality of life,
time to relapse, safety and tolerability.
Results After stopping anakinra, patients developed
moderate to severe clinical symptoms. Canakinumab
induced complete or clinical remission at day 14 in all
eight patients. Median C-reactive protein concentrations
decreased from 169 mg/l at baseline to less than 10 mg/
l on day 14 and remained low or undetectable. One
patient discontinued participation on day 39 because of
return of symptoms while all others remained in
complete or clinical remission during the 6-month
treatment period. Relapse after last canakinumab dose
occurred within 3 months in four patients. For two
patients, remission continued several months post-study.
Five patients reported at least one adverse event,
predominantly mild upper respiratory tract infections. One
patient died in a traffic accident.
Conclusions In this 9-month study, monthly 150 mg
canakinumab injection was an effective and well-tolerated
treatment for Schnitzler’s syndrome. Our data
demonstrate that IL-1β plays a pivotal role in this
disease.
ClinicalTrials.gov NCT01276522.

INTRODUCTION
Schnitzler ’s syndrome is a chronic disabling autoin-
flammatory disorder, characterised by chronic urti-
caria, paraproteinemia and systemic inflammation.
Patients are affected to different degrees by fever,
bone pain and arthralgias or arthritis, and are at risk
of developing a lymphoproliferative disorder and AA
amyloidosis in the long term.1–3 Over 160 cases have
been reported to date, but the actual prevalence is

probably much higher. The aetiology of Schnitzler ’s
syndrome is unknown. Numerous immunosuppres-
sive therapies have failed, but the interleukin (IL) 1
receptor antagonist anakinra was found to be effect-
ive in over 45 cases to date, implying a pivotal patho-
physiological role of IL-1, either IL-1α, IL-1β, or
both.4–8 The short half-life of anakinra requires daily
subcutaneous injections, which occasionally lead to
strong local injection-site reactions, which raised the
need for a longer-acting agent. Canakinumab is a
fully human selective monoclonal anti-IL-1β anti-
body with a half-life of approximately 28 days. It is
effective in cryopyrin-associated periodic syndrome
(CAPS), a rare hereditary autoinflammatory disorder
caused by IL-1β-activating NLRP3 mutations.9 10

Phenotypical similarities to CAPS and in-vitro find-
ings in Schnitzler ’s syndrome patient cells suggest
that IL-1β, not IL-1α, is also the principal patho-
physiological cytokine in Schnitzler ’s syndrome.11

We have previously reported short-term successful
treatment with canakinumab in three patients
with Schnitzler’s syndrome, and one case of long-
term remission was recently reported.12 13 Here we
report efficacy and safety data of a 9-month trial of
the long-acting monoclonal anti-IL-1β antibody
canakinumab in eight patients with Schnitzler ’s
syndrome.

METHODS
Design overview
The design was an open-label, single-arm 9-month
trial comprising 6 months of 150 mg canakinumab
subcutaneous injections every 4 weeks and
3 months of follow-up (ClinicalTrials.gov registra-
tion number: NCT01276522). Dose adjustment to
300 mg was possible in the case of incomplete
response at day 7. The study was approved by the
local medical ethical board and patients’ informed
consent was obtained according to the principles of
the Declaration of Helsinki.

Patients and intervention
The trial took place in a single academic centre.
Patients were eligible if they had active Schnitzler ’s
syndrome as defined by the adapted Lipsker cri-
teria,1 2 responded well to anakinra therapy, and
fulfilled the other inclusion and exclusion criteria
(see supplementary table S1, available online only).
After discontinuation of anakinra treatment and the
return of symptoms of Schnitzler’s syndrome,
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patients entered the study to receive their first dose of 150 mg
canakinumab subcutaneously. Patients were then evaluated 3, 7,
14 and 28 days later and subsequently every 4 weeks, and received
a canakinumab injection every 4 weeks for a total of 6 months.
After the last injection, patients were followed until disease
relapse or until 3 months passed. Upon disease relapse, the
patients were restarted on anakinra.

Outcome measures
The primary outcome measure was complete or clinical remis-
sion at day 14 of the trial (definitions are outlined in supple-
mentary table S2, available online only). Complete remission
was defined as absent or minimal clinical disease activity with
normal C-reactive protein (CRP), and clinical remission as
absent or minimal disease activity and a greater than 75%
improvement of CRP concentration from baseline, although
still above 10 mg/l. Secondary outcome measures included pre-
vention of disease relapse during the trial; change in inflamma-
tory markers (CRP and serum amyloid A; SAA), physician
global assessment (PGA) and patient global assessment (PaGA)
of disease activity (respectively, scale 0 (absent), 1 (minimal),
2 (mild), 3 (moderate) to 4 (severe)), quality of life (QoL) using
the RAND-36 questionnaire;14 time to disease relapse after the
last canakinumab dose; safety and tolerability. Paraprotein
levels were measured throughout the trial.

Statistical analysis
The difference in QoL measurements (RAND-36 data) between
under anakinra treatment and without treatment (baseline),
under canakinumab treatment day 14 versus baseline and
under anakinra treatment versus canakinumab treatment day
14 was tested with a paired Student’s t test. Also serum con-
centrations of CRP and SAA at baseline versus day 7 after the
first canakinumab injection were tested with a paired Student’s
t test; p<0.05 was regarded as statistically significant.

RESULTS
Patients
All patients with Schnitzler ’s syndrome known to us in
The Netherlands at the start of the trial (nine in total) were
invited and screened for participation. One patient preferred not
to discontinue anakinra treatment for personal reasons, but the
others provided informed consent and were eligible. Therefore,
eight patients aged 51–75 years (mean 64 years) with classic
(IgM) or variant (IgG) type Schnitzler ’s syndrome were included
in the trial. Baseline patient characteristics are shown in table 1.

Within 35 to 96 h (median 43 h) after stopping anakinra, the
patients gradually developed general malaise, non-pruritic to
burning urticaria, fever and arthralgia, as before the initiation
of anakinra. At the baseline visit 4–6 days after discontinuing
anakinra, they presented with disseminated urticaria and arth-
ralgia. Five patients had frank arthritis in one to seven joints.
Baseline SAA (median 974 mg/l, range 72–2390 mg/l) and CRP
(median 169 mg/l, range 18–333 mg/l) concentrations were ele-
vated, and seven patients had neutrophilic leucocytosis.

Primary outcome and disease activity
After the first subcutaneous injection of 150 mg canakinumab,
symptoms in all patients started to abate within 6–16 h, and
all were asymptomatic after 2–7 days. By day 14, all eight
patients met the primary outcome by achieving complete or
clinical remission. Six patients were in complete remission and
two in clinical remission due to slightly elevated CRP levels (18
and 28 mg/l) (figure 1A).

PGA and PaGA were almost identical during the trial, and
showed moderate to severe disease activity at baseline (mean 3.5,
on a scale from 0 (absent) to 4 (severe activity)), which improved
to minimal or no disease activity at day 7 (mean 0.8) (figure 1B
and see supplementary figure S1, available online only). There
was rapid resolution (median duration 18 h, range 10–48 h) of the
typical urticarial rash after the first canakinumab administration
as illustrated in figure 1C. During the ensuing months, disease
activity remained mild or absent in all patients except for patient
8, as described below (figure 1A,B).

Serum CRP and SAA concentrations dropped dramatically
within the first week (at day 7: CRP median 13 mg/l (p=0.004),
range <5–46 mg/l; SAA median 9 mg/l (p=0.009), range
1–103 mg/l) and remained low or undetectable during the
ensuing months (eg, after 6 months: CRP median <5 mg/l, range
< 5–20 mg/l; SAA median 5 mg/l, range 1–25 mg/l) (figure 2).
Paraprotein levels were stable throughout the trial and fluctuated
less than 1 mg/l compared to the measurement before the trial.

After an initial clinical remission and drop in CRP from
333 mg/l at baseline to 18 mg/l at day 14, patient 8 started
experiencing symptoms at day 18 and had a clear clinical and
biochemical relapse at day 27. The second canakinumab dose of
150 mg at that time again induced clinical remission, but symp-
toms reappeared at day 37. The patient chose to discontinue
with the trial at day 39; return to anakinra treatment was suc-
cessful in controlling disease activity.

QoL assessment
At each visit, QoL was assessed with the RAND-36 question-
naire. At baseline during active disease, patient QoL had sub-
stantially decreased in all dimensions compared to QoL under
anakinra treatment when their disease was inactive (figure 3
and supplementary tables S3 and S4, available online only).
Pain and role impairment due to a physical problem were the
most affected dimensions, whereas mental health remained
relatively stable. On starting canakinumab treatment, patient
QoL rapidly improved during the first week and remained
stable during the whole trial (see supplementary figure S2 and
table S3, available online only). In the dimensions role impair-
ment due to a physical problem and vitality, patients scored
their QoL slightly, but statistically significantly better during

Table 1 Baseline patient characteristics (after discontinuation of
anakinra)

Patient 1 2 3 4* 5 6 7 8

Sex M F M M M M F M
Age (years) 66 67 51 63 67 75 63 59
Disease duration
(years)

14 2,5 6 20 10 17 25 9

Anakinra use (years) 4.5 0.25 2.5 6 7 6.5 7 2
Paraprotein subtype IgMκ & λ IgGκ IgMκ IgGκ IgMκ IgMκ IgGκ† IgGκ†
PGA‡ 3 4 3 3 3 4 4 4
CRP level (mg/L) 202 147 190 16 60 250 95 333
SAA level (mg/L) 1380 867 1840 72 109 1080 502 2390
Neutrophils (*109/ml) 11.1 7.5 12.1 4.9 10.4 8.3 15.6 11.3

*This patient required antihistamines for concomitant cold-induced urticaria during
both anakinra and canakinumab treatment. The other patients did not use any
concomitant anti-inflammatory drugs.
†Previously an unquantifiably low IgGκ paraprotein was found, but this is currently
undetectable.
‡Five-point score of disease activity from 0 (absent) to 4 (severe).
CRP, C-reactive protein; PGA, physician global assessment; SAA, serum amyloid A.
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canakinumab (day 14) than during anakinra treatment (see
supplementary table S4, available online only).

Relapse of disease activity after last dose of canakinumab
Within the 3-month follow-up, four patients relapsed (for defin-
ition see supplementary table S2, available online only) and one
died in a traffic accident while asymptomatic. In two patients,
remission continued until 7 and 8 months after the last injection
(figure 4). Of the six patients who completed the trial, median
time to relapse was 72 days after the last canakinumab dose
(range 40–234 days). All were restarted on anakinra, which
quickly induced disease remission. Disease activity at relapse
(figure 4) was much milder than at study entry when they had

discontinued anakinra and relapsed, as evidenced by the lower
PGA and PaGA scores (figure 1B and supplementary figure 1),
lower CRP levels (figure 2), and less pronounced drop in the
QoL, as shown for the most severely affected dimensions in sup-
plementary figure S2 (available online only).

Adverse events
During the whole trial, blood pressure, weight, kidney function
and liver enzymes remained unaffected. Twenty-two adverse
events were reported by five patients and were predominantly
upper respiratory tract infections. All but rhinitis, pharyngitis,
light-headedness and vertigo (each N=2) were reported in one
patient only. One death due to a traffic accident occurred

Figure 1 Trial outcome and clinical assessments. (A) Outcome during the trial in days after the first injection of canakinumab. Arrows indicate
subcutaneous injection with 150 mg canakinumab. The single relapse at day 28 was seen in patient 8. (B) Physician global assessment of disease
activity scores. Arrows indicate subcutaneous injection with 150 mg canakinumab. (C) Urticarial rash on thighs of patient 6 at baseline; urticaria had
almost vanished 2 days after the first canakinumab injection.
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during the follow-up phase, 45 days after the last injection of
canakinumab (trial day 185). There was no apparent relation-
ship with the study drug. All adverse events are listed in
table 2.

DISCUSSION
This study shows that monthly subcutaneous injection with
150 mg canakinumab is an effective treatment in patients with
Schnitzler ’s syndrome and that IL-1β, not IL-1α, causes the

systemic inflammation. All patients met the criteria for the
primary outcome measure—clinical or complete remission of
disease activity at day 14.

One patient relapsed after initial clinical remission. In view
of his severe inflammation at baseline, initial response to

Figure 2 Sustained suppression of systemic inflammation. (A) Serum C-reactive protein (CRP) and (B) serum amyloid A (SAA) levels as a measure
of systemic inflammation during the trial and during follow-up. Each line represents one patient. At day 10, CRP and SAA levels under anakinra are
shown. Upper limit of normal is 10 mg/l.

Figure 4 Time to relapse. The duration in days after the last
canakinumab dose until relapse is shown for the seven patients who
finished the 6-month treatment part of the trial. Four patients (patients
1, 2, 4 and 7) relapsed within the 3-month follow-up period during the
trial, whereas two patients (patients 5 and 6) relapsed several months
later. The cross indicates the patient who died in a traffic accident
during the follow-up phase. The duration from the beginning of
symptoms to clear relapse (objectified by a physician) is indicate by
light grey (physician global assessment (PGA) grade 2, mild disease
activity at relapse visit) and dark grey (PGA grade 3, moderate disease
activity) bar endings.

Figure 3 Quality of life (QoL) assessment. Spidergram depicting seven
dimensions of the RAND-36 QoL questionnaire. Data are normalised to
a scale of 0 (the worst) to 100 (excellent QoL) and the lines indicate
the mean scores during anakinra treatment, symptomatic episode upon
stopping anakinra, and at day 14 after the first canakinumab injection.
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canakinumab and relatively high body mass index, we hypothe-
sise that he might have benefitted from higher dosing.

The time to relapse after the end of the trial varied greatly
among the patients. For two patients, canakinumab induced a
long-term remission of this unremitting disease. Seemingly, a
vicious circle of inflammation had been interrupted (IL-1β
induces its own production) with canakinumab treatment, but
the reason why this created such long-term remission in these
particular patients remains elusive. They both had had
Schnitzler ’s syndrome for many years, and their disease activ-
ity at baseline was intermediate compared to the other
patients.

The monthly dosing regimen was based on the report that in
24.1% of 109 CAPS patients who were injected bimonthly, an
increase in dose or frequency was required.15 Based on our data,
in some patients less frequent dosing may suffice, while others
require more frequent or higher dosing. Pharmacokinetic
studies with larger patient numbers may yield the optimal
regimen. One option may be to use a higher dose or more fre-
quent dosing for a short period of time (‘loading dose’) to
induce a strong response followed by a lower or less frequent
dosing regimen at some point to maintain that response.

Apart from a fatal traffic accident that was unrelated to the
study drug, adverse events were mild and were predominantly
viral upper airway infections.

To date, anakinra was the only therapy reported to be highly
effective in almost all patients with Schnitzler ’s syndrome, but
its daily injections raised the need for a more patient-friendly
alternative.4–6 Eight patients recently responded well to rilona-
cept, which requires weekly administration and is more expen-
sive than canakinumab, which in turn is more expensive than
anakinra.16 Both anakinra and rilonacept block IL-1α and IL-1β,
but canakinumab specifically blocks IL-1β. Consequently, this
study indicates that IL-1β is the key cytokine responsible for

inflammation in Schnitzler ’s syndrome. Therefore, the neutro-
philic urticaria is also instigated by IL-1β, which is scarce in
skin under normal conditions, and not by IL-1α, which is ubi-
quitous intracellularly in keratinocytes. IL-6 inhibition was
recently also found to be effective in three patients with
Schnitzler ’s syndrome.17 The patients in that study were the
first in which IL-1 inhibition was reported to be ineffective,
which is interesting from a pathophysiological point of view
and could indicate that these patients constitute a distinct
subset.

The serum paraprotein concentrations were not affected by
canakinumab treatment in this trial. This mirrors the absence
of an effect on paraprotein concentration by anakinra, even
after years of treatment (personal observation). Long-term
follow-up is needed to evaluate whether IL-1 inhibition has
any effect on the progression to lymphoproliferative disorders,
to which patients with Schnitzler ’s syndrome are at risk.1

To conclude, in this trial, monthly 150 mg subcutaneous
canakinumab was effective and well tolerated in Schnitzler ’s
syndrome. The study demonstrated that IL-1β is pivotal in the
pathophysiology of this debilitating disease.
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Supplementary file of “Sustained efficacy of the monoclonal anti-interleukin-1 beta 

antibody canakinumab in a nine-month trial in Schnitzler’s syndrome”, H.D. de Koning et 

al. 

 

Supplemental table 1. Inclusion and exclusion criteria 

Inclusion criteria 

1 Patients with a diagnosis of Schnitzler syndrome as per criteria 
1, 2

 

2 Patients who have demonstrated a partial or complete clinical response with an associated normalization of their 
biomarkers of inflammation (CRP) upon treatment with anakinra 

3 Male and female patients at least 18 years of age at the time of the screening visit 

4 Patient’s informed consent 

5 Negative QuantiFERON test or negative Purified Protein Derivative (PPD) test (< 5 mm induration) at screening or within 1 
month prior to the screening visit, according to the national guidelines. Patients with a positive PPD test (≥ 5 mm induration) 
at screening may be enrolled only if they have either a negative chest x-ray or a negative QuantiFERON test (QFT-TB G In-
Tube)   

6 Adequate contraception in females of childbearing potential 

Exclusion criteria 

1 Pregnant or nursing (lactating) women 

2 History of being immunocompromised, including a positive HIV at screening (ELISA and Western blot) 

3 Serologic evidence of hepatitis B or C infection 

4 Live vaccinations within 3 months prior to the start of the trial, during the trial, and up to 3 months following the last dose   

5 History of significant medical conditions, which in the Investigator’s opinion would exclude the patient from participating in 
this trial 

6 History of recurrent and/or evidence of active bacterial, fungal, or viral infection(s)  

7 Use of the following therapies:  

• Anakinra within 24 hours prior to Baseline visit 

• Corticosteroids (oral prednisone (or equivalent)) > 1.0 mg/kg/day (or greater than the maximum of 60 mg/day for 
children over 60 kg) within 3 days prior to the Baseline visit 

• Intra-articular, peri-articular or intramuscular corticosteroid injections within 4 weeks prior to the Baseline visit 

• Any other investigational biologics within 8 weeks prior to the Baseline visit 

• Any other investigational drugs, other than investigational biologic treatment, within 28 days (or 3 months for 
investigational monoclonal antibodies) or 5 half-lives prior to the Baseline visit, whichever is longer 

8 History of hypersensitivity to any of the study drugs or to drugs of similar chemical classes 

 

 



2 

 

Supplemental table 2. Trial endpoints* 

Primary endpoint 

Complete or clinical remission at Day 14 

Secondary endpoints 

1 Complete or clinical remission at Day 3 and Day 7 

2 Prevention of disease relapse in patients who demonstrated complete remission at Day 14 

3 The change in biomarkers (CRP and SAA) and clinical parameters (physician and patient global assessment of disease activity) 
during the treatment and follow-up periods 

4 Time to relapse after the last canakinumab dose 

Exploratory endpoints 

1 Changes in patient quality of life by using: Medical Outcome Short Form (36) Health Survey (SF-36®) 

 
*Endpoint definitions: 
 
Complete remission: a physician global assessment of disease activity of 0 or 1 (no or minimal 
symptoms/signs, includes rash) and a normal CRP  (<10 mg/L)  
 
Clinical remission: a physician global assessment of disease activity score of 0 or 1 and CRP >10 mg/L, 
but >75% reduction compared to baseline 
 
Partial response: a new physician global assessment of disease activity score shows a decrease when 
compared to baseline physician global assessment by at least 1 point, but is not equal to 0 or 1 and/or a 
decrease from baseline CRP >25% and <75% (without explanation for elevated CRP other than Schnitzler 
syndrome). 
 
Non-response: a physician global assessment of disease activity score unchanged or worsened as 
compared to baseline and/or CRP increased or <25% reduced from baseline CRP  
 
Relapse: a physician global assessment of disease activity of 2 or 3, or a value for CRP >30 mg/L (after an 
initial response) 
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Supplemental table 3. RAND-36 quality of life data 

Quality of Life 
dimension Anakinra Baseline* 

Day 
4** Day 7 

Day 
14 

Day 
28 

Day 
56 

Day 
84 

Day 
112 

Day 
140 

Day 
168 Relapse 

Physical 
functioning  

90 64 79 89 92 91 94 91 95 94 94 81 

Social 
functioning  

95 64 73 84 95 91 95 88 95 95 95 85 

Role impairment 
(physical 
problem) 

78 16 72 59 94 75 93 89 100 96 93 54 

Role impairment 
(emotional 
problem) 

100 63 96 71 100 83 100 90 100 100 100 78 

Mental health  87 78 88 85 91 85 88 85 89 87 87 85 

Vitality  74 36 66 72 79 74 81 76 83 83 78 67 

Pain 90 53 75 88 92 85 92 89 96 95 92 78 

General health 
perception  

68 48 63 64 68 68 70 69 66 71 69 55 

Health change  56 13 47 53 63 59 61 50 64 61 54 46 

 
Mean RAND-36 data, transformed to a scale from 0 (worst quality of life) to 100 (excellent quality of life). 
Data from anakinra to Day 28 are from all eight patients, data from Day 56 to Day 168 are from the 
remaining seven patients, and relapse data are from the six patients who finished the entire trial. 
 For General health perception and Health change, a score of 50 indicates ‘the same as one year ago’.  
* Score at baseline, so during symptoms. ** Day 4 after the first canakinumab injection. 

 

Supplemental table 4. Comparison quality of life outcomes 

Quality of Life 
dimension 

Anakinra vs Baseline Canakinumab Day 14 

 vs Baseline 

Canakinumab Day 14  

vs anakinra  

 QoL change P value QoL change P value QoL change P value 

Physical functioning  1,4 0,02 1,4 0,01 1,0 0,40 

Social functioning  1,5 0,05 1,5 0,06 1,0 1,00 

Role impairment 
(physical problem) 5,0 0,01 6,0 <0,01 1,2 0,05 

Role impairment 
(emotional problem) 1,6 0,08 1,6 0,08 1,0 1,00 

Mental health  1,1 0,13 1,2 0,06 1,0 0,09 

Vitality  2,0 <0,01 2,2 <0,01 1,1 0,02 

Pain 1,7 <0,01 1,7 <0,01 1,0 0,66 

General health 
perception  1,4 0,04 1,4 <0,01 1,0 0,91 

Health change  4,5 <0,01 5,0 <0,01 1,1 0,17 

 
Relative change in quality of life as measured with the RAND-36 questionnaire. The mean values of 
transformed outcomes (scale 0-100,  shown in Appendix Table 3) were divided by those during the other 
treatment conditions. Statistical significance of difference between the scores during anakinra, at Baseline 
(symptomatic), and at canakinumab Day 14 were calculated with a paired Student’s T-test and indicated in 
P-values.  
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Supplemental Figure 1. Patient Global Assessment of Disease Activity 
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Arrows indicate s.c. injection with 150mg canakinumab. 

 

Supplemental Figure 2. Quality of life assessment during the trial 

 

 
 
 
RAND-36 data during the trial and during relapse, normalized to a 0 (the worst) to 100 (excellent quality of 
life) scale. Mean data of the four most affected dimensions are shown. 
 

 

Canakinumab s.c. ⇓ ⇓ ⇓ ⇓ ⇓ ⇓ 
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