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Results: Excluding duplicates, a total of 36 clinically diagnosed cases were identified from 1994 through
the spring of 2022, with a male to female ratio of 1:1. The median age of onset was 56.5 years. It took 3.3
years from the first symptom, mostly urticaria, to reach the final diagnosis. The current status of 30 cases
was ascertained; two patients developed B-cell lymphoma. SchS treatment was generally effective with
high doses of corticosteroids, but symptoms sometimes recurred after tapering. Colchicine was admin-
istered in 17 cases and was effective in 8, but showed no effect in the others. Tocilizumab, used in six
cases, improved laboratory abnormalities and symptoms, but lost its efficacy after several years. Ritux-
imab, used in five cases, was effective in reducing serum IgM levels or lymphoma mass, but not in in-
flammatory symptoms. Four cases were treated with IL-1 targeting therapy, either anakinra or
canakinumab, and achieved complete remission, except one case with diffuse large B-cell lymphoma.
Conclusions: Since Schnitzler syndrome is a rare disease, the continuous collection and long-term follow-
up of clinical information is essential for its appropriate treatment and further understanding of its
pathophysiology.
© 2022 Japanese Society of Allergology. Published by Elsevier B.V. This is an open access article under the
CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Abbreviations

ALP alkaline phosphatase

CcT computed tomography
CLC colchicine

CRP C-reactive protein

CsA cyclosporine

DFPP double filtration plasmapheresis
DLBCL diffuse large B-cell lymphoma
DMARDs disease-modified anti-rheumatic drugs

ESR erythrocyte sedimentation rate
KU Kyoto University

MRI magnetic resonance imaging
PET positron emission tomography
PGA physician global assessment
PSL prednisolone

PUVA  ultraviolet radiation

RTX rituximab

SchS Schnitzler syndrome

SDC Strasbourg Diagnostic Criteria
WBC white blood cell

WM Waldenstrom macroglobulinemia

Introduction

Schnitzler syndrome (SchS) is a rare disorder characterized by
chronic urticarial rash and monaclonal IgM or, rarely, IgG gamm-
opathy. This syndrome was first reported in 1972 by French
dermatologist Lilian Schnitzler. Since then, over 200 cases have
been reported in 25 countries; most patients were Caucasian,'?

In 2010, Lipsker et al.” proposed SchS diagnostic criteria. In 2013,
Lipsker, Schnitzler, and other experts compiled the current diag-
nostic criteria (Strasbourg Diagnostic Criteria; SDC),' which defined
chronic urticarial rash and monoclonal IgM or, rarely, 1gG gamm-
opathy as obligate criteria and the following symptoms as minor
criteria: recurrent fever, abnormal bone remodeling with or
without bone pain, a neutrophilic dermal infiltrate upon skin bi-
opsy, and leukocytosis and/or elevated C-reactive protein (CRP).
The major complications are lymphoproliferative disorders,’
including Waldenstrom macroglobulinemia (WM), lympho-
plasmacytic lymphoma with IgM monoclonal protein.

The first case in Japan was reported in 1995 by Nagoya City
University.* We recently experienced five cases at Kyoto University
(KU),” and became aware that there is no established treatment for
this syndrome, though some clinical trials have been conducted for

anakinra® rilonacept,” canakinumab,®’ and tocilizumab.”’ To
address this situation, we first collected cases of this acquired
autoinflammatory disorder in Japan to understand its current status
and needs.

Methods
Collecting patient data in Japan

In 2019, Dr. Nobuo Kanazawa conducted a nationwide survey to
identify domestic cases of SchS in the dermatology departments of
122 university hospitals and 233 large (more than 500 beds) hos-
pitals. The project was led by Dr. Takashi Hashimoto of the Osaka
Metropolitan University and funded by the Science Research Grant
for Policy Research on Intractable Diseases from the Ministry of
Health, Labor and Welfare, Japan.

Collecting patient data from the literature

Next, we conducted a search of PubMed (National Library of
Medicine) and Ichushi-Web (Japan Medical Abstracts Society) using
the keywords “Schnitzler syndrome” and “Japan” and collected
published manuscripts and conference reports from 1994 to the
spring of 2022.

Clinical information collection

From the literature, we extracted the age at onset, symptoms,
blood sampling data, imaging data, and treatments performed. We
then contacted the authors for more detailed information and a
physician global assessment (PGA) for the five primary SchS
symptoms (urticarial rash, fatigue, fever/chills, myalgia, and
arthralgia/bone pain), which were each graded on a 5-point Likert
scale: 0 = no, 1 = minimal, 2 = mild, 3 = moderate, and 4 = severe
disease activity.”*"" From the authors' responses, we supple-
mented the existing clinical and laboratory information with the
long-term course of treatment and its effects. The study was
approved by the ethics committee of KU (R2559).

Results
Patient data collection

The nationwide survey conducted in 2019 identified seven cases
(cases 1—6 and 28 in Table 1). We received responses from 109 (31%)

of the 355 facilities, including 60 (49%) of the 122 university hos-
pitals and 49 (21%) of the 233 large hospitals. A literature search
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Table 1
Demographic and characteristics per the Strasbourg diagnostic criteria.
Case’ Age' MJF Obligate criteria Minor criteria Ref
Rash' IgM or Fever'" Bone' Biopsy® WBC &
1gG" CRP"
Definitive cases
1 51 F IgMx - N/A + + w
2 51 F + IgMxk + N/A + § 20
3 45 F - IgMx E N/A . :
4 57 M 4 IgMk N/A  + + oy
5 35 M+ IgMx + NJ/A + + N/A
6 40 F + IgM + N/A + + -
7 75 F + IgMxk + N/A N/A "
8 6 M+ IgMk + - N/A N/A 18
9 39 M+ 1gMk + NA o+ + L
10 68 F + IgMx + N/A + g
11 42 F + IgMk + N/A + + “
12 7% M+ IgMk + NJ/A + + 25
13 73 M 4 IgMxk + - + + i
14 62 F + IgMk + N/A + + il
15 71 F 4 IgMk + N/A - 2
16 72 M 4 IgM q + + N/A 2
170 63 F  + 1gM + NA  + N/A a2
18 64 M 4 IgM + N/A  + + a8
19 63 F + IgM + NJA + _ 35
20 45 M+ IgMk + + + + il
21 61 F 4 IgMx + - + + s
2 60 M o+ IgMA t N/A 4 ¥ 2
23 43 F 4+ IgMk + + -+ + T
24 56 F 4 IgMK + + + + i
25 41 M+ IgMk + N/A  + + e
26 54 M+ IgMk and  + N/A - + 9
1gGk
27 49 M+ lgMk . NA - + N/A
Probable cases
28 67 F 4+ IgMk - NA 4 - 2
29 75 M+ IgMxk - N/A + - 13
30 68 M + lgGk + N/A + N/A e
31 62 M+ IgMk + N/A  NJA ~ "
32 65 M 4 IgMxk + N/A  NJA N/A 15
33 57 F 4+ 1gM = NA  + N/A 34
3 65 M+ IgMk = N/A  N/A + ar
Unmet Cases
35 39 F + - + + + + 4
36 42 F o+ IgAN : - N/A + i

NJ/A, Not performed or not mentioned in the literature.
¥ Case with: Indicates that the patient is already dead.
! Age = the age (vear) of onset.
' Rash = urticarial rash.

T IgM or IgG = the monaclonal IgM or IgG and subtype of k or 4, where available.

1t Fever = recurrent fever over 38 °C, and otherwise unexplained.

* Bone = the presence or absence of abnormal bone remodeling with or without
bone pain as assessed by bone scintigraphy, MRI, or elevated bone alkaline
phosphatase.

' Biopsy = the presence or absence of neutrophilic dermal infiltrate without
fibrinoid necrosis and significant dermal edema in the biopsy specimen.

T WBC & CRP = the presence or absence of leukocytosis (neutrophils >10,000/
mm?) and/or elevated CRP (>30 mg/L).

revealed 10 cases published in English,*'' ¥ 21 cases published or
presented in Japanese,”’~*" and our previous 5 cases at KU Hospi-
tal.” Excluding duplicates, a total of 36 clinically diagnosed cases
were identified in Japan from 1994 to the spring of 2022, of which 27
were definitive cases when checked with the SDC, 7 were probable,
and 2 did not meet the SDC (Table 1). An additional case was re-
ported as SchS,*! but we excluded it since the reporters themselves
revised the diagnosis to polyarteritis nodosa with secondary
amyloidosis.

Epidemiology

The mean age of onset for the 27 definitive cases is 55.6 years,
with a male-to-female ratio of about 1:1. Among the 36 total cases,

the mean age of onset is 56.5 years, and the gender composition
remained the same. On average, based on available data for 35
patients, it took 3.3 years from the first symptom, mostly urticaria,
to reach a final diagnosis of SchS. None of the cases presented with
a family history of SchS symptoms nor was there any identifiable,
common patient history.

Among the 36 cases, we were able to contact the paper authors
or the patients’ physicians for 30 cases; three definitive cases were
reported to have died (Table 1). Two cases of SchS-related lym-
phomas were reported: a mature B-cell lymphoma of uncertain
histologic subtype from a probable case'® and a diffuse large B-cell
lymphoma (DLBCL) from a definitive case.’” The former survived
following treatment, but the latter patient died; an autopsy
revealed that the intima of the great vessels and heart valves were
covered with IgM-positive deposits. The remaining two definitive
patients died of diseases unrelated to SchS, interstitial pneu-
monia®® and non-occlusive mesenteric ischemia.”® Eight cases
(cases 5, 7, 10, 11, 13, 18, 31 and 33) have not recently followed up
with their physicians. However, 19 patients are still attending their
care physicians, 7 of whom (cases 1, 2, 6, 9, 14, 21 and 24) are alive
more than 10 years after the symptom onset, and all are definitive
cases. The mean follow-up period was 6.1 years.

Obligate criteria

All 36 patients had a chronic urticarial rash (Fig. 1A,
Supplementary Fig. 1A), an obligate criterion of the SDC." The fre-
quency of urticaria ranged from daily to several times a year, and
the extent of skin lesions varied over the trunk and extremities,
sparing the head, palms, and soles. Usually, the lesions were non-
pruritic and lasted more than 24 h.

Gammopathy was present in all, except one unmet case'” for the
SDC, and 34 cases were monoclonal. One patient presented with
IgGk and IgMk biclonal gammopathy*” (Fig. 1B, C), and we counted
this case as definitive. Among the 27 definitive cases, there was no
mention of the light chain subtype for 5 patients but all patients,
except the biclonal gammopathy case, had monoclonal IgM
gammopathy, 20 (74%) had the IgMk subtype, and 1 (3.7%) [gM).” In
contrast, one probable case of IgGk subtype' and an IgAX subtype
unmet case®' were reported (Supplementary Fig. 1C). Based on the
available data from 27 definitive patients, the average IgM serum
level at first visit was 7924 mg/dl (normal range; male:
33—190 mg/dl, female: 46—260 mg/dl) (Fig. 2A, B). Even in defini-
tive cases, there were cases with IgM levels close to the upper limit
of normal in both men and women (Fig. 2A, B), but over time, many
cases were observed to have elevated IgM levels (Fig. 2C). The
outliers (*1 in Fig. 2A and *2 in 2B) are cases 9" and 19,
respectively; case 9 presented 10 years after the onset of urti-
caria; detailed information for case 19 was unavailable. Bence-Jones
proteins in the urine were only mentioned for 11 cases of SchS, out
of which 6 definitive cases (cases 2, 9, 11, 12, 14 and 22) and one
probable case (case 30) were positive.

Minor criteria

One of the minor SchS criteria was fever. In definitive cases, all
patients had recurrent fevers (Fig. 1D), mostly up to 38—39 °C,
sometimes accompanied by a rash. Febrile events ranged in fre-
quency from daily to several times per year. On the other hand,
among the 36 cases for which information could be collected, 4
probable cases did not develop fever (Supplementary Fig. 1D).

In Japan, magnetic resonance imaging (MRI) and bone scintig-
raphy were not performed routinely but occasionally, when bone
pain or arthralgia was observed. Only 9 patients were examined
using these techniques, and 5 definitive cases™'®*%*%3 and one
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Chronic urticaria B

Il chronic urticaria

Il IgM and IgG biclonal gammopathy

D Recurrent fever E

B recurrent fever

[ NA

G Leukocytosis and/or elevated CRP

Total=27

Bl leukocytosis and elevated CRP
[ elevated CRP only

Bl no leukocytosis or elevated CRP
J NA

Monoclonal gammopathy

l Total=27 l Total=27

Bl monoclonal IgM gammopathy

Abnormal bone remodeling F

l Total=27 ] Total=27

Bl =zbnormal bone remodeling
B no abnormal change

C Subtypes of gammopathy

Total=27

Bl IgMk
B IgMA
B IgM (unknown light chain)
Bl biclonal (IgMk and IgGk)

Neutrophilic dermal infiltrate

Total=27
Il neutrophilic infitration

Bl no neutrophilic infiltration
1 NA

Fig. 1. The ratio of definitve patients with clinical and laboratory features defined in the Strasbourg diagnostic criteria (n = 27). (A) Chronic urticaria was seen in 100% of patients.
(B) Monoclonal IgM or 1gG gammopathy was seen in 100% of patients. (C) Subtypes of monaclonal gammopathy. (D) Recurrent fever was seen in 100% of patients. (E) Five cases
were positive for abnormal bone remodeling (n = 7). (F) Skin biopsy revealed 23 cases with neutrophilic dermal infiltrate (n = 25). (G) Leukocytosis and/or elevated CRP was seen in
21 cases (11 with both leukocytosis and elevated CRP, and 10 with elevated CRP only); 3 cases had neither leukocytosis nor elevated CRP.

unmet case'’ were positive for abnormal bone remodeling of the

lumbar vertebrae, femur, or tibia (Fig. 1E, Supplementary Fig. 1E). In
some cases, positron emission tomography (PET)/computed to-
mography (CT) revealed fluorodeoxyglucose uptake by the bone
marrow, ?>" or osteosclerosis was discovered by a whole-body CT
scan” or X-ray.”” Out of 36 patients, bone pain, mostly of the femur
or tibia, 739 affected 8 out of 27 definitive cases, and 2 probable
and one unmet cases, while 10 out of 27 definitive cases, 3 probable

and one unmet cases suffered from joint pain, such as in the
knees, 121418

Skin biopsies were performed in 25 definitive cases, and 23
showed perivascular andfor interstitial infiltrate of neutrophils
(Fig. 1F), sometimes with lymphocyte or eosinophil infiltration and
nuclear dust. Among probable and unmet cases, all the 5 cases (4
probable and one unmet) in which skin biopsy was performed
showed neutrophilic infiltration, and one of the probable cases
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Fig. 2. Laboratory data of definitive patients. (A, B) Serum IgM levels at first presentation of male (n = 11) and female (n = 13) patients. The standard value (male: 33—190 mg/dl,
female: 46260 mg/dl) is marked with a dotted line. (C) The long-term changes of serum IgM levels (n = 18). In case 12 (red line), the serum IgM level was 71 mg/dl when the
patient first notic ed urticaria and fever and visited the previous doctoer, but at the first presentation to the authors it had risen to 743 mg/dl,*” which was plotted in (A) (red dot). (D)
White blood cell counts at first presentation (n = 23). (E) Neutrophil counts at first presentation (n = 20). The threshold in the Strasbourg diagnostic criteria (neutrophils >10,000/
mm®) is marked with a dotted line. (F) Serum CRP levels at first presentation (n = 24). The threshold in the Strasbourg diagnostic criteria (CRP >3.0 mg/dl) is marked with a dotted
line, (G) ESR levels at first presentation (n = 10). The threshold described as biological findings of SchS patients by Simon et al.' (>30 mm/h) is marked with a dotted line,

showed basophilic infiltration.'* No fibrinoid necrosis of the vessel
wall was reported. Immuno-deposits consisting of IgM, C3, and
sometimes IgG were seen in a few cases,™'®*? but the deposit loca-
tions varied from interstitial granular patterns to along vessel walls.

In 27 definitive cases, leukocytosis (neutrophils >10,000/mm?)
and/or elevated C-reactive protein (CRP >3 mg/dl) were observed in
21 cases (Fig. 1G); 11 of these presented with leukocytosis
(average = 10,311/mm?) and all 21 presented with elevated CRP
(average = 7.6 mg/dl) (Fig. 2E, F). Erythrocyte sedimentation rate
(ESR), another laboratory marker of systemic inflammation, was
elevated in most patients (when tested, 10 of 27) for an average of
107 mm/h (Fig. 2G). When probable and unmet cases were included
in the analysis, 24 of the 30 cases with data were found to have
leukocytosis andfor elevated CRP (Supplementary Fig. 1G),
including 12 cases with leukocytosis (average = 10,090/mm3) but
all 24 cases had elevated CRP (average = 7.2 mg/dl) (Supplementary
Fig. 2E, F). ESR was elevated in 12 of 36 tested for an average of
108 mm/h (Supplementary Fig. 2G).

Other features

Some cases of SchS progress to hematologic tumors,” and this
evaluation is necessary. Lymphadenopathy was reported in 5
definitive patients (cases 8,13, 14,16 and 20)'%27?83038 and each one
probable (case 34)*” and unmet case (case 36).>! Only two definitive
patients'®’" had hepatosplenomegaly. Bone-marrow aspiration was

performed in 19 cases, and normal bone marrow was observed in
most cases, butone each of definitive (case 2), probable (case 30), and
unmet (case 36) cases showed a moderate increase in plasma cells
without atypical differentiation. Only in a definitive case 10,'"® which
had B-cell lymphoma, did the analysis of bone-marrow aspirates
indicate the existence of clonal, mature lymphoma cells.

One definitive patient (case 15)*° developed mem-
branoproliferative glomerulonephritis due to cryoglobulinemic
vasculitis. None were found to develop amyloidosis.

Genetic analysis

Previously, somatic mosaicism of NLRP3 in the myeloid lineage
and the MYD88 p.L265P mutation were found in a few cases of
Schs®?%3: a gain-of function mutation in NLRP3 causes over-
expression of IL-1f in cryopyrin-associated periodic syndrome
(CAPS),* and the MYD88 p..265P mutation is detectable in more
than 90% of WM.? In the survey of Japanese hospitals, only a few
patients were screened for these mutations, but none presented with
either an NLRP3 or MYD88 mutation. The somatic mosaicism of
NLRP3, first detected in CAPS by our group,™ was not reported either.

Treatment

Supplementary Table 1 shows treatments performed on each
case. Since the treatment effects described in the literature for SchS



302

31

R. Takimoto-Ito et al. / Allergology International 72 (2023) 297305

A Number of cases per treatment method

Corticosteroids Il Definitive
Co:;i::ge 3 Probable
S
DMARDs and immunosuppressive treatments Unmet
Urticaria medications
Biological agents
Other agentst
Chemotherapy*
Other treatments$
1
30
B DMARDs and immunosuppressive treatments
Methotrexate Bl Definitive
Azathioprine and salazosulfapyridine = Probable
Cyclosporine Unmet
Tacrolimus
Mizoribine
Bucillamine
JAK inhibitors
I T T T T 1
0 2 4 6 8 10
number of cases
C Moleculary targeted drugs
Anakinra Bl Definitive
Canakinumab E Probable
Tocilizumab Unmet

Rituximab

Golimumab and infliximab

number of cases

Fig. 3. Number of cases treated with each treatment method. (A) is a summary, while (B) or (C) is more detailed data. (B) Number of patients treated with DMARDs, immuno-
suppressive agents and biological agents. (C) Number of cases treated with molecularly targeted drugs including IL-1 blocking therapies (Anakinra and Canakinumab), an anti-IL-6
agent, Tocilizumab, and an anti-CD20 antibody, Rituximab. Other agents': KI (potassium iodide), DDS (diaminodiphenyl sulfone), RXM (roxithromaycin), and BP (bisphosphonate).
Chemotherapy': R-EPOCH (rituximab, etoposide, prednisolone, vincristine, cyclophosphamide, and doxorubicin), DMVM-IFNa (dexamethasone, ranimustine, vincristine, melphalan,
and interferon-a), and BD (bortezomib and dexamethasone). Other treatments®; Radiation, PUVA (psoralen and long-wave ultraviolet radiation), DEFP (double filtration plasma-

pheresis), and TKR (total knee replacement).

are short-term and lack standard evaluation criteria, we evaluated
the disease status of the 19 cases for whom we had direct contact
with their physicians using the provided PGA scores
(Supplementary Table 2). Of these, 16 had a definitive diagnosis,
one had a probable, and two did not meet SDC.

Corticosteroids were the most common treatment; used in 20
definitive, 4 probable and 2 unmet cases (Fig. 3A, Supplementary
Table 1). They were usually started at high doses (over 0.5 mg/kg/
day) and were effective. However, the side effects of corticosteroids
limit its use at high doses for extended periods, and symptoms
sometimes recurred when corticosteroids were tapered off.

Therefore, most cases were treated with other therapies in addition
to steroids, with the exception of a definitive case 14,2 who was
maintained only on prednisolone (PSL) 15 mg/day (Supplementary
Table 2).

Colchicine (CLC) was used in 16 definitive and one probable
cases (Fig. 3A). Among 19 cases under follow-up (Supplementary
Table 2), CLC was administered to 9 definitive cases, and 4 of the
9 patients achieved a PGA of zero. Three of these patients (cases 1, 2
and 5) were treated with CLC alone and one (case 4) with CLC plus
2 mg/day PSL. In three cases (cases 6, 12 and 27), the post-treatment
PGA score improved, but did not reach zero. Two cases (cases 3 and



31

R. Takimoto-lto et al. / Allergology International 72 (2023) 297-305 303

25) showed no clinical response to treatment with CLC. Among
eight cases where information could not be confirmed directly with
the care physicians and was collected only from the literature, two
(cases 7 and 29) reportedly showed improvement following CLC
therapy. Briefly, for a probable case 29,'> whao was resistant to an-
tihistamines and omalizumab, and a definitive case 7" who
responded to 30 mg PSL but relapsed upon tapering, the initiation
or addition of CLC dramatically improved symptoms. The remain-
ing six cases®>!7*3 showed little or no response to CLC,

Both in the literature and follow-up data, NSAIDs alone had little
therapeutic effect but reduced fever and bone pain when used on
demand (Supplementary Table 2). According to the literature we
collected, most kinds of disease-modified anti-rheumatic drugs
(DMARDs) and immunosuppressive treatments (Fig. 3B) like
azathioprine, methotrexate, mizoribine, salazosulfapyridine, and
tacrolimus were ineffective,*> while cyclosporine (CsA) was
sometimes effective but difficult to continue due to side effect."
Common urticaria medications, like antihistamines and omalizu-
mab, were ineffective therapies for Schs.'>!%?!

Molecularly targeted drugs (Fig. 3C) were also used. IL-1
blocking therapy is regarded as one of the most effective treat-
ments® but was tried only in a few cases in Japan. Anakinra, an IL-1
receptor antagonist, was used in two definitive cases,”*? one of
whom died of DLBCL (case 17). Canakinumab, an anti-IL-1 anti-
body, was used in two cases, one is definitive and the other is un-
met case who does not have monoclonal IgM.>'? In the three cases
under follow up that received either of the IL-1-targeting therapies,
a PGA of zero was achieved, but serum IgM levels in two definitive
cases did not improve (Supplementary Table 2).

Tocilizumab, an anti-IL-6 agent, was used in six cases (Fig. 3C).
The literature showed that initiating tocilizumab dramatically
improved laboratory abnormalities, joint symptoms, and fe-
ver.>*039 Two definitive patients (cases 22 and 26) have been on
tocilizumab for 1 and 3 years, respectively, and both have achieved
a PGA of zero (Supplementary Table 2). However, some patients
treated with tocilizumab experienced symptom recurrence within
a few years (definitive cases 21, 23, and unmet case 36).

The anti-CD-20 antibody rituximab (RTX) was used in five cases
(Fig. 3C). RTX was effective in improving serum IgM levels or
lymphoma lesions, but was insufficient for cutaneous symp-
toms.'"3% According to follow-up data for a probable case 28, after
receiving five doses of RTX, the patient remained asymptomatic for
2 years with PSL, CsA, and diaminodiphenyl sulfone; however, the
withdrawal of CsA was accompanied by an urticarial rash. In a
definitive case 9, an interview revealed that after their serum IgM
level rose to 6342 mg/dl (*3, Fig. 2C), seven RTX injections lowered
serum IgM, but they gradually relapsed with fevers and high CRP. In
another definitive case 10, where a retroperitoneal tumor sug-
gested to be a B-cell lymphoma was found,'® the mass disappeared
with RTX therapy but the urticarial rash was resistant. The rash
gradually improved with post-RTX radiation along with complete
remission of the mass.

Chemotherapy regimens for malignant myeloma were per-
formed in three cases (Supplementary Table 1); one definitive case
combined with RTX failed against DLBCL,*? one unmet case ach-
ieved a reduction of paraprotein but failed at improving symp-
toms,’! and another definitive case was repeated three times before
reducing paraprotein levels but still failed to control skin
eruptions.*®

Psoralen and long-wave ultraviolet radiation (PUVA) was tried
in one case,”” and while symptoms improved, it needed to be
repeated. In cases 15 and 20,>%° double filtration plasmapheresis
(DFPP) temporarily improved serum IgM levels and skin symptoms
but they relapsed after discontinuation (Fig. 3A).

Discussion

In this survey, 36 clinically diagnosed cases of SchS were iden-
tified, which we believe includes all the cases diagnosed in Japan, of
which 27 were definitive cases when checked for SDC, 7 were
probable, and 2 did not meet the SDC (Table 1). We also followed up
with the reporting author and/or physician. Since this disease is
rare, with a total of only about 300 cases reported worldwide to
date, mainly in Europe and the United States,” it is essential to first
determine the number of cases, the clinical course and treatment
course, also in Asian country, Japan. We believe that this report will
raise awareness of potential and under-diagnosed patients.

The mean age of onset and clinical characteristics of the Japa-
nese cases are similar to previous reviews from overseas,” except
that objective findings of abnormal bone remodeling, arthralgia,
bone pain, and/or anemia are less common in Japanese cases
(Fig. 1E); comparing 27 definitive cases in this Japanese research
with 281 cases in the previous review,” abnormal bone remodeling
in only 5 out of 9 tested cases vs 85% (82 out of 97 tested cases
showed increased uptake by bone scintigraphy), arthralgia in 37%
vs 68% (192 out of 281 cases), bone pain in 29.6% vs 55% (155 out of
281 cases), and anemia 0% vs 63% (62 out of 98 cases), respectively.
One reason is that SchS is described as an urticaria-related disease
in the Japanese urticaria practice guidelines and is highly recog-
nized by dermatologists in Japan. It may be necessary to raise
awareness that abnormal bone remodeling is better detected by
MRI or bone scintigraphy than PET/CT.*® Since few patients re-
ported bone pain or arthralgia and a very few cases showed
elevated alkaline phosphatase (ALP), it is possible that the number
of cases with abnormal bone remodeling is really small in Japan,
rather than it being overlooked.

Of note, chronic urticaria often precedes other symptoms, and it
may take several years to complete the symptoms. In particular,
paraprotein and hyper IgMemia may not present in the first 2—3
years.”” Some patients had serum IgM levels near the upper border
of normal at their first visit (Fig. 2A, B), and IgM levels gradually
increased over the course of the disease (Fig. 2C). Therefore, it is
necessary to monitor immunoglobulins continuously if SchS is
suspected. In fact, even in a definitive case 12,%° the serum IgM level
was 71 mg/dl when the patient first sought care for urticaria and
fever, but 2 years later it had risen to 743 mg/dl (red dot, Fig. 2A)
when he presented to the authors and was diagnosed with SchS.
Similarly, low inflammatory markers at first visits (Fig. 2D, E) do not
rule out SchS, and must be reexamined especially when a patient is
symptomatic.

Regarding treatment, Japan seems to be unique in that CLC is
used more (17/36) than in other countries (51/281),” possibly due
to difficulty accessing IL-1-targeting therapy. CLC inhibits the for-
mation of NLRP3 inflammasomes by disrupting microtubules,
which decreases IL-1p production,’ and inhibits neutrophil
recruitment.*® Cases 1, 2, and 4 were initially treated with either
PSL or CsA, which were successfully tapered off after the addition of
CLC. Case 5 has been successfully treated with CLC only since his
SchS diagnosis, while case 25 was initially treated unsuccessfully
with CsA and high-dose of PSL and switched to CLC, but was still
resistant to CLC. Though the number of cases is low for generaliz-
able conclusions, those who respond well to low-dose PSL or CsA
are likely to have their symptoms controlled with CLC. Simon et al.!
recommended that cases without severe symptoms or persistent,
elevated inflammation markers should be controlled with CLC.

Patients with severe symptoms may initially respond well to
tocilizumab but might develop secondary failure. In addition, in
most cases treated with IL-1 targeting therapy, the paraprotein
levels increased progressively even when autoinflammatory
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symptoms were well-controlled.” A similar phenomenon was
observed in the long term study of canakinumab on SchS,* which
suggests that suppressing autoinflammation may not prevent
lymphoma development. In our present survey, the detailed clinical
course is unknown outside of a postmortem report, but it was re-
ported that anakinra did not prevent the development of DLBCL in
case 17.°% In contrast, only RTX succeeded in lowering serum IgM
levels. Since erythema and fever remained or recurred in all RTX-
treated patients, we suspect that immune cells such as neutrophils
and mature plasma cells that do not express CD20 are responsible
for the inflammation. Recently, Masson Regnault et al. reported that
the spontaneous release of proinflammatory cytokines by the pe-
ripheral blood mononuclear cells of SchS patients was higher thanin
controls, suggesting myeloid inflammation in Schs.*

Thus, the most interesting part of SchS is the association be-
tween the pathogenesis of autoinflammatory symptoms and
monoclonal IgM gammopathy. One of the reasons why SchS is
considered an acquired autoinflammatory syndrome is that it
shares clinical manifestations with CAPS, in which mutations in
NLRP3 cause clinical symptoms such as urticaria, fever, and
abnormal bone remodeling. NLRP3 is an intracellular pattern
recognition receptor, and activation of this molecule leads to the
formation of inflammasomes and activation of IL-1[3, one of the
cytokines that trigger inflammation.’®*! Therefore, acute-phase
inflammatory findings observed in CAPS, such as clinical symp-
toms and abnormal laboratory values, are clearly mediated by IL-
1p. Nevertheless, Louvrier et al. recently reported that no somatic or
germline pathogenic variations have been identified in NLRP3 in
their large cohort of 40 SchS patients,>” indicating that NLRP3 is not
a potential candidate gene for SchS and that previously reported
SchS patients with an NLRP3 mosaic mutation may instead have a
late-onset NLRP3-autoinflammatory disease.”® However, the effi-
cacy of IL-1 targeting therapy for SchS probably indicates that IL-15
is the main actor of SchS inflammation, and thus, if accessible, SchS
should be treated with IL-1 targeting therapy, as the therapeutic
effect on inflammation lasts for a long observation period. Since
there is no difference in the clinical presentation except for fewer
findings associated with abnormal bone remodeling than in foreign
patients, we expect that IL-1 targeted therapy will be successful in
Japanese patients with SchS. When the therapy is introduced in
Japan, further observation is needed to determine whether long-
term treatments targeting IL-1 can prevent IgM elevation and
progression to hematologic malignancies.

Conversely, MYD88, of which gain-of-function mutations were
reported in more than 90% of WM,* is involved in signal trans-
duction downstream of the IL-1 receptor. Neutrophil infiltration of
the skin, which causes an urticaria-like rash, and abnormal bone
remodeling in SchS, can be evoked by enhanced IL-1R1/MYD88
signaling.>*>> Although the mechanism of SchS development re-
mains unclear, we believe that accumulating detailed clinical
manifestations is a reliable approach to elucidating its pathogenesis.

In summary, all Japanese cases clinically diagnosed as definitive
SchS showed urticarial rash, monoclonal IgM gammopathy and
recurrent fever. Most of their clinical features are similar to that of
foreign cases, but less showed abnormal bone remodeling and
more cases were treated with Colchicine than foreign cases. In
contrast, this study has limitations. Although this research covers
almost all the SchS cases diagnosed in Japan, statistical analysis was
impractical due to the number of cases and the lack of unified
treatment plan.

Acknowledgements

The authors would like to thank Drs. Tatsuyoshi Kawamura
(University of Yamanashi), Yasushi Inoue (Fukuoka Redcross

Hospital), Akira Ishiko (Toho University), Yoichi Iwabuchi (JA Nii-
gata Sanjo General Hospital), Yukiko Shoda (Sumitomo Hospital),
Tsutomu Kobayashi (Kyoto Prefectural University of Medicine), Eri
Shiraki (Mitsubishi Kobe Hospital), Mirei Kanzaki (Tokyo Medical
University Ibaraki Medical Center), Hiroyuki Murota (Nagasaki
University), Yoshitaka Morita and Eisei Kondo (Kawasaki Medical
School), Michiko Yamada (Steel Memorial Muroran Hospital),
Minoru Hasegawa (Fukui University), and Yoshie Kawahara (Keiyu
Hospital). We also thank Dr. Dan Lipsker (University of Strasbourg)
for the opportunity to discuss our project.

This work was supported in part by a research grant from MHLW
(NaK and NoK) and the Practical Research Project for Rare/Intrac-
table Diseases (22ek0109582h0001) from AMED (NaK).

Appendix A. Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.alit.2022.11.004.

Conflict of interest
NaK will receive canakinumab free of charge from Novartis on behalf of the
investigator-initiated clinical trial. The rest of the authors have no conflict of interest.

Authors’ contributions

RT-I, NaK, ToK, TaN, KI, T], HY, YuT, NoK and KeK designed the study and wrote
the manuscript. YK, MY, KN, OT, YY, KaK, YM, YoT, MihH, Takuk, ST, TakakK, YF, KM, TF,
TA, TM, ToN, MK, HK, YO, AM, MicH, TS, and AA contributed to data collection. HA
performed the statistical analysis. All authors read and approved the final
manuscript.

References

1. Simon A, Asli B, Braun-Falco M, De Koning H, Fermand J-P, Grattan C, et al.
Schnitzler's syndrome: diagnosis, treatment, and follow-up. Allergy 2013;68:
562-8.

2. Koning HD. Schnitzler's syndrome: lessons from 281 cases. Clin Trans! Allergy
2014;4:41.

3. Lipsker D. The Schnitzler syndrome. Orphaner | Rare Dis 2010;5:38.

4. Morita A, Sakakibara S, Yokota M, Tsuji T. A case of urticarial vasculitis asso-
ciated with macroglobulinemia (Schnitzler's syndrome). | Dermatol 1995;22:
32-5.

5. Takimoto-lto R, Kambe N, Kogame T, Otsuka A, Nomura T, Izawa K, et al. Re-
fractory serum immunoglobulin M elevation during anti-interleukin (IL)-1- or
IL-6-targeted treatment in four patients with Schnitzler syndrome. | Dermatol
2021;48:1789-92.

6. Néel A, Henry B, Barbarot S, Masseau A, Perrin F, Bernier C, et al. Long-term
effectiveness and safety of interleukin-1 receptor antagonist (anakinra) in
Schnitzler's syndrome: a French multicenter study. Autoimmun Rev 2014;13:
1035-41.

7. Krause K, Weller K, Stefaniak R, Wittkowski H, Altrichter S, Siebenhaar F, et al.
Efficacy and safety of the interleukin-1 antagonist rilonacept in Schnitzler
syndrome: an open-label study. Allergy 2012;67:943-50.

8. Krause K, Bonnekoh H, Ellrich A, Tsianakas A, Wagner N, Fischer |, et al. Long-
term efficacy of canakinumab in the treatment of Schnitzler syndrome. ] Allergy
Clin Immunol 2020;145:1681—6.e5.

9. Krause K, Tsianakas A, Wagner N, Fischer ], Weller K, Metz M, et al. Efficacy and
safety of canakinumab in Schnitzler syndrome: a multicenter randomized
placebo-controlled study. | Allergy Clin Immunol 2017;139:1311-20.

10. Bonnekoh H, Frischbutter S, Roll S, Maurer M, Krause K. Tocilizumab treatment
in patients with Schnitzler syndrome: an open-label study. J Allergy Clin
Immunol Pract 2021;9:2486—9.e4.

11. Nakajima K, Takahashi M, Yamamoto M, Takahashi A, Sano S, Kodama H, et al.
Successful treatment of Schnitzler syndrome with cyclosporine. Int J Dermatol
2014,53:e361-3.

12. Shimokata M, Munetsugu T, Okuzawa M, Shinada Y, Matsuo S, Satoh T.
Schnitzler syndrome with basophil infiltration. | Dtsch Dermatol Ges 2020;18:
1034—6.

13. Kimura N, Takeshita H, Kai T, Inoue Y, Furue M. Schnitzler's syndrome: a female
elderly case presenting intractable non-pruritic febrile urticarial rush. Asian Pac
| Allergy Immunol 2020;38:64—6.

14. Akimoto R, Yoshida M, Matsuda R, Miyasaka K, Itoh M, Schnitzler's syndrome
with IgG x gammopathy. j Dermatol 2002;29:735-8,

15. Iwafuchi Y, Morita T, Hata K, Nakamura A, Miyazaki S. Schnitzler syndrome
complicated by membranous nephropathy. Clin Nephrol 2012;78:497-500,

16. Tomkova H, Shirafuji Y, Arata J. Schnitzler's syndrome versus adult onset Still's
disease. Eur | Dermatol 1998;8:118-21.



17.

18.

19.

20.

21.
22,

23

24,

25;

26.

27,

28.

29,

30.

3.

32,

33.

34,

35,

36.

37

R. Takimoto-Ito et al. / Allergology International 72 (2023) 297-305

Asahina A, Sakurai N, Suzuki Y. Narushima K. Schnitzler's syndrome with
prominent neutrophil infiltration misdiagnosed as Sweet’s syndrome: a typical
example of urticarial neutrophilic dermatosis. Clin Exp Dermatol 2010;35:
el23-6.

Murota H, Shoda Y. Ishibashi T, Sugahara H, Matsumura |, Katayama I.
Improvement of recurrent urticaria in a patient with Schnitzler syndrome
associated with B-cell lymphoma with combination rituximab and radio-
therapy. ] Am Acad Dermatol 2009;61:1070-5.

Fujita Y, Asano T, Sakai A, Norikawa N, Yamamoto T, Matsumoto H, et al. A case
of Schnitzler's syndrome without monoclonal gammopathy successfully
treated with canakinumab. BMC Musculoskelet Disord 2021,22:257.

Tomita O, Matsuzawa M, Watanabe S, Ando N, Harada K, Kawamura T, et al. [A
case of Schnitzler syndrome in which Colchicine was effective]. Rinsho Derna
2014;56:1275-8 (in Japanese).

Saito R, Takahagi S, Hide M. [A case of Schnitzler syndrome]. Nihon Hifuka
Gakkai Zasshi 2019;129:1169-70 (in Japaneese).

Kanazawa N. [Schnitzler syndrome and Cryopyrin-associated periodic syn-
drome]. [Visual Dermatology| 2021;20:619-21 (in Japanese).

Mitsuishi S, Okuhira A, Takeuchi S, Kadono T, Yamasaki Y. [A case of Schnitzler
syndrome that showed improvement with oral steroids and colchicine]. Nihon
Hifuka Gakkai Zasshi 2019;129:1204 (in Japanese).

Tanaka A, Ugajin T, Kato K, Katagiri K. [A case of Schnitzler syndrome preceded
by urticaria-like erythema for 10 years). Nihon Hifuka Gakkei Zasshi 2018;128:
1373 (in Japanese).

Shiraki E, Otsuka H, Sarayama Y, Onishi T, Kosaka H. [A case of Schnitzler
syndrome)]. [Skin Research] 2018;17:375 (in Japanese).

Umemoto N, Maki N, Nagashima K, Nakamura T, Nakamura S, Yamada T, et al. [A
case of Schnitzler's syndrome diagnosed as urticaria-like vasculitis treated with
oral steroids]. [J Environ Dermatol Cutan Allergol] 2014:8:528 (in Japanese).
Suetsugu K, Okubo Y, Setoyama M, Mitsuhashi Y, Tsuboi R. |A case of Schnitzler
syndrome in which bath-PUVA was effective]. Hifubyoh-shinryoh 2010;32:
419-22 (in Japanese).

Kawasaki M, Yonekura K, Ibusuki A, Uchimiya H, Kawai K, Kanekura T. [A case
of Schnitzler's syndrome]. [Nishinihon | Dermatolf 2011;73:437 (in Japanese).
Inoue R, Okada K, Miyagi K, Kawano M, Koni I, Mabuchi H. [A case of cry-
oglobulinemia developed during the course of Schnitzler syndrome|. [Annual
General Assembly and Scientific Meeting of Japan College of Rheumatology/in-
ternational Rheumatology Symposium| 2004;48:366 (in Japanese).

Yamashita R. [A case of Schnitzler's syndrome successfully treated with toci-
lizumab]. [The 640th Regional Meeting of the Jupanese Society of Internal Medi-
cine in the Kanto District] 2018:640:43 (in Japanese).

Kobayashi T, Mizuno Y, Chinen Y, Mizutani S, Nagoshi H, Shimura Y, et al. [IgA-
type Schnitzler’s syndrome with chromosomal translocation t(4;14)). [Int |
Myeloma] 2016:6:118 (in Japanese).

Kimura H, Doi R, Hanada M, Adachi S. [An autapsy case of Schnitzler syndrome
with diffuse large B-cell lymphoma and unique vascular and valve findings].
[Proceedings of the Japanese Society of Pathology] 2013;102:484 (in Japanese).
Morimoto K, Hori [, Matsuzaka ¥, Nakamura R, Mihara K. |A case of Schnitzler
syndrome treated with rituximab]. [J Environ Dermatol Cutan Allergol] 2010:4:
434 (in Japanese).

Onita A, Taguchi ]. [A case of Schnitzler's syndrome]. [Nishinihon J Dermatol]
2007;69:327 (in Japanese).

Ebi Y, Katagiri S. |A case of Schnitzler syndrome|. Rinsho Ketsueki 2003;44:861
(in Japanese).

Shirabe H, HIno N, Fujimoto M, Takagi K, Kawatsu T. [A case of Schnitzler's
syndrome]. Nihon Hifuka Gakkai Zasshi 2001;111:947—53 (in Japanese).
Suzuki T. [A case of macroglobulinemia (Schnitzler syndrome) with chronic
urticaria and osteosclerosis]. [Int | Hematol] 1997:65:221 (in Japanese).

38.

39.

40,

41.

42.

43,

45.

46.

47.

48,

49,

50.
51.

52.

53.

54.

55.

56.

31

305

Kusume E, Yamamoto M, Fujioka A, Nakajima K, lzawa K, Nishikomori R, et al.
|A case of Schnitzler syndrome|. [Nishinihon | Dermatol] 2019;81:134 (in
Japanese).

Takeuchi Y, Mizoguchi H, Ohara A, Nakahara M, Okura R, Nanki N, et al. |A case
of Schnitzler's syndrome with fever, rash and extremity pain]. Nihon Naika
Gakkai Zasshi 2018;107:88-94 (in Japanese).

Fujita S, Morita Y, Mukai T, Akagi T. [Evaluation of Pathophysiology by
Inflammation Resolution Factors in Patients with Autoinflammatory Diseases.
Presented at The 11th Annual Meeting of Kawasaki Medical School|{abstract];
2020. p. 60 (in Japanese). https://kms.kms-igakkai.com/archives/432.

Kuroda H, Ishikawa K, Jomen W, Yamada M, Sakurai T, Abe T, et al. A case of
variant Schnitzler syndrome with IgG-) M-proteinemia successfully treated
with infliximab. Rheumatology 2012;47:446—52.

de Koning HD, van Gijn ME, Stoffels M, Jongekrijg ], Zeeuwen PL, Elferink MG,
et al. Myeloid lineage-restricted somatic mosaicism of NLRP3 mutations in
patients with variant Schnitzler syndrome. J Allergy Clin Immunol 2015;135;
561—4.

Goodman AM, Cohen PR, Li A, Hinds B, Kurzrock R. Schnitzler syndrome
associated with MYD88 L265P mutation. JAAD Case Rep 2019;5:312-6.

. Nakagawa K, Gonzalez-Roca E, Souto A, Kawai T, Umebayashi H, Campistol JM,

et al. Somatic NLRP3 mosaicism in Muckle-Wells syndrome. A genetic mech-
anism shared by different phenotypes of cryopyrin-associated periodic syn-
dromes. Ann Rheum Dis 2015;74:603—10.

Gertz MA. Waldenstrom macroglobulinemia: 2021 update on diagnosis, risk
stratification, and management. Am | Hematol 2021;96:258—69.

Alix L. Neel A, Cador B, Smail A, Serratrice |, Closs-Prophette F, et al. Diagnostic
value of 18-F fluorodeoxyglucose PET/CT and bone scan in Schnitzler syn-
drome. Autoimmunity 2019;52:264-71.

Misawa T, Takahama M, Kozaki T, Lee H, Zou ], Saitoh T, et al. Microtubule-
driven spatial arrangement of mitochondria promotes activation of the NLRP3
inflammasome. Nat Immunol 2013;14:454-60.

Slobodnick A, Shah B, Krasnokutsky S, Pillinger MH. Update on colchicine 2017.
Rheumatology 2018;57:i4—11.

Masson Regnault M, Frouin E, Jeru I, Delwail A, Charreau S, Barbarot S, et al.
Cytokine signature in Schnitzler syndrome: proinflammatory cytokine pro-
duction associated to Th suppression. Front Immunol 2020;11:588322.
Booshehri LM, Hoffman HM. CAPS and NLRP3. J Clin Immunol 2019;39:277—86.
Moltrasio C, Romagnuolo M, Marzano AV. NLRP3 inflammasome and NLRP3-
related autoinflammatory diseases: from cryopyrin function to targeted ther-
apies. Front Immunol 2022;13:1007705.

Louvrier C, Awad F, Amselem S, Lipsker D, Giurgea I. Absence of NLRP3 somatic
mutations and VEXAS-related UBA1 mutations in a large cohort of patients
with Schnitzler syndrome. Allergy 2022;77:3435—6.

Nishikomori R, lzawa K, Kambe N, Ohara O, Yasumi T. Low-frequency mosai-
cism in cryopyrin-associated periodic fever syndrome: mosaicism in systemic
autoinflammatory diseases. Int Immunol 2019;31:649-55.

Martino MM, Maruyama K. Kuhn GA, Satoh T, Takeuchi O, Miiller R, et al. In-
hibition of IL-1R1/MyD88 signalling promotes mesenchymal stem cell-driven
tissue regeneration. Nat Commun 2016;7:11051.

Miller LS, O'Connell RM, Gutierrez MA, Pietras EM, Shahangian A, Gross CE,
et al. MyD88 mediates neutrophil recruitment initiated by IL-1R but not TLR2
activation in immunity against Staphylococcus aureus, Immunity 2006;24:
79-91.

Kamido H, Shimomiya D, Kogame T, Takimoto-Ito R, Kataoka TR, Hirata M, et al.
Inducible skin-associated lymphoid tissue (iSALT) in a patient with Schnitzler
syndrome who manifested wheals on recurrent localized erythema. Br J Der-
matol 2021;184:1159-201.





