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Abstract
Objective
To evaluate the efficacy and safety of tocilizumab (TCZ), an interleukin 6 receptor monoclonal antibody, in a subset of
Japanese patients with familial Mediterranean fever (FMF).

Methods
We performed a double-blind, randomised, parallel-group trial, followed by an open-label extension trial, in patients
with colchicine-resistant or -intolerant FMF (crFMF) (UMIN0O00028010). Patients were randomly assigned (1:1) to
receive TCZ (162 mg every week) or placebo, administered subcutaneously, for 24 weeks. Rescue treatment was allowed
if the rescue criteria were met. The primary endpoint was the number of fever attacks over the 24 weeks of treatment.
Secondary endpoints included the frequency of accompanying symptoms during attacks, serum CRP and SAA values,
and adverse events (AEs). The open-label extension study evaluated the long-term safety and efficacy of TCZ in
patients who had completed the preceding study (UMIN000032557).

Results
We randomly assigned 23 patients to either TCZ (n=1) or placebo (n=12). The TCZ-placebo rate ratios were 0.691
(95% confidence intervals (CI), 0.189-2.531; p=0.577) for the fever attacks, based on the group rates per week.
The recurrence of attacks was significantly lower in the TCZ group (hazard ratio = 0457; 95% CI, 0.240-0.869).
Fever attacks, accompanying symptoms, serum CRP and SAA values were controlled in most of the patients who
received long-term TCZ. In these trials, the numbers and severity of AEs did not differ between groups.

Conclusion
Although a primary endpoint was not met in the preceding trial, long-term administration of TCZ showed stable
efficacy and safety for patients with crFMF.
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Introduction

Familial Mediterranean fever (FMF) is
the most common hereditary autoinflam-
matory disorder, and is characterised by
recurrent attacks of fever with arthri-
tis, skin rash, and serositis (1, 2). FMF
is caused by a number of mutations of
the Mediterranean Fever (MEFV) gene,
coding a 781-amino acid protein called
pyrin that acts as a major regulatory
component of the inflammasome (3).
Accordingly, the pathological condition
of FMF is thought to be mainly due to
mutations of pyrin that cause abnormal
activation of the inflammasome (4, 5).
The therapeutic goal of FMF is to pre-
vent secondary amyloidosis by mini-
mising subclinical inflammation be-
tween attacks, in addition to preventing
acute attacks, and colchicine has been
recommended as a first-line treatment
for adults and children (6, 7). However,
10-20% of FMF patients do not re-
spond well to colchicine or discontinue
use due to adverse effects (8, 9).
Although activation of the inflamma-
some pathway by the MEFV variant-in-
duced dysfunctions of pyrin is the main
pathological mechanism of FMF (4,
5), EMF patients have elevated serum
levels of inflammatory cytokines such
as interleukin (IL)-1, IL-6, IL-17, and
IL-18 (10-13). These cytokines activate
nuclear factor kB signalling pathways,
which subsequently lead to increased
amounts of pro-IL-1f, tumour necro-
sis factor-alpha (TNF-a), and IL-6
(10, 11). Thus, using biologic agents to
block these cytokines is considered to
be a reasonable approach for the man-
agement of FMF (14-16).

Several reports have shown the efficacy
of an IL-6 inhibitor in clinical practice
for colchicine-resistant FMF or sec-
ondary amyloidosis in FMF patients
(17-23). However, there have been no
randomised, placebo-controlled trials
of anti-IL-6 treatment in patients with
FMEF. This phase III study was conduct-
ed to confirm the beneficial effects of
tocilizumab (TCZ) in a subset of Japa-
nese patients with colchicine-resistant
or -intolerant FMF (crFMF).

Methods
Study design
This investigator-initiated, multicentre,

double-blind, randomised, placebo-
controlled phase III trial was conduct-
ed at 9 centres in Japan. This study is
registered on the University Hospital
Medical Information Network Clinical
Trials Registry as UMIN000028010.
The protocol of this trial (NUHO1FMF)
was previously published (24). There
were no substantial changes to the pub-
lished study design, methods, or out-
comes after the start of the trial.
Patients were recruited from 1 March
2018 to 31 December 2019 and were
randomly assigned 1:1 to receive week-
ly TCZ (162 mg) or placebo subcutane-
ously. During the double-blind period,
patients with more than 4 fever attacks
had TCZ introduced by subcutaneous
injection for the rescue treatment.

All patients who completed the double-
blind phase (NUHO1FMF) were trans-
ferred to the TCZ arm and enrolled
in the extension study (NUHO2FMF)
(UMINO000032557). The detailed pro-
tocol for the extension study has al-
ready been reported (25).

Patients

Eligible patients were 12 to 75 years old,;
had been diagnosed with typical FMF
based on the Tel Hashomer criteria (26,
27), and were resistant to or intolerant of
colchicine treatment. The frequency of
attacks was collected from the time of
obtaining patient consent until 24 weeks
prior and by referring to the electronic
medical record. Colchicine resistance
was defined as the occurrence of at least
one fever attack in 3 months even after
increasing the dose to the maximum lev-
el (1.5-2.0 mg/day). Colchicine intoler-
ance was defined as inability to continue
the drug or to increase the maximum
dose (1.5-2.0 mg/day) due to side ef-
fects such as gastrointestinal symptoms
and fever attacks occurring more than
once in 3 months. The definitions of col-
chicine resistance and intolerance used
in this study were consistent with the
consensus recently outlined by Ozen et
al. (28). After the provisional registra-
tion, patients who had a fever attack due
to FMF were randomly assigned to the
TCZ group or the placebo group.
Patients were excluded if they changed
doses of an oral corticosteroid or col-
chicine during the double-blind period,

Clinical and Experimental Rheumatology 2022



A phase III trial of TCZ for FMF / T. Koga et al.

or if they took a prednisolone dose >5
mg/day. Patients were also excluded if
they received corticosteroids intrave-
nously or intramuscularly, biologics,
non-steroidal anti-inflammatory drugs,
or acetaminophen during the double-
blind period. Other inclusion and
exclusion criteria are previously de-
scribed (24, 25). All patients provided
written informed consent prior to their
enrolment in the study. The study pro-
tocol was approved by the Institutional
Review Board of Nagasaki University
and other participating centres.

Assessments and outcomes

The primary endpoint was the num-
ber of fever attacks due to FMF over
24 weeks of treatment. For this clini-
cal trial, a fever attack was defined
as having a fever >38.0°C lasting =6
hours. The secondary endpoints were
the frequency of accompanying symp-
toms during attacks; the time between
fever attacks; the durations of fever at-
tacks; the serum CRP and SAA values;
the patient’s score on the 36-item short
form health survey (SF-36) question-
naire; results of a general evaluation
by a physician (100 mm visual ana-
logue scale [VAS]); body temperature;
and the percentage of achievement of
FMF 50 score (improvement of 50% or
more in at least five of six items) (29)
at 12 weeks and 24 weeks during the
double-blind phase. Patients were mon-
itored for safety including the adverse
events and a pharmacodynamic assess-
ment throughout the NUHO1FMF and
NUHO2FMF trial.

Statistical analyses

Details of the statistical analysis were
described previously, and we changed
only the estimator of the interval esti-
mates obtained from the negative bi-
nomial regression analysis before the
key open, which is also used for the
primary analysis (24, 25). We estimated
that a sample size of 24 patients (12 per
group) would provide =80% power for
the between-group comparison of the
primary endpoint (i.e. the number of
fever attacks over 24 weeks of treat-
ment), assuming averages of 1.5 fever
attacks in the TCZ group and 6 in the
placebo group and a 2-sided alpha level
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49 patients assessed
for eligibility

4{ 26 did not meet eligibility criteria

23 randomly assigned

|

'

)

12 assigned to placebo
(full analysis set)

11 assigned to tocilizumab
(full analysis set)

1 discontinued treatment
1 adverse event

Rescue treatment} [Rescue treatment

N=1

N=4

Rescue treatment
N=5

8 completed
the preceding trial

9 completed
the preceding trial

22 enrolled the open-label
extension trial

19 completed
the extension trial
(until 48 weeks)

Fig. 1. Trial profile.

1 adverse event

3 discontinued treatment
2 withdraw consent

of 0.05, based on the negative binomial
distribution. Negative binomial disper-
sion parameters of the TCZ and placebo
groups were assumed to be 4 and 2.6,
respectively.

Baseline patient characteristics were
summarised within the TCZ and pla-
cebo groups. Continuous variables are
shown as means with standard devia-
tions (SDs) or medians with interquar-
tile ranges (IQRs). Categorical variables
are shown as the number of patients and
percentages within each group.

For the efficacy analysis, we used the
full population from the double-blind
period. Using a negative binomial re-
gression analysis with the number of
fever attacks (the primary endpoint) as
the outcome variable, the drug (TCZ or
placebo) as the explanatory variable,
and the double-blind period as the off-
set term, we estimated the fever attack
rates (the number of fever attacks per
week) in the TCZ and placebo groups
and the rate ratio of TCZ to placebo.
We tested and calculated 95% confi-
dence intervals (CIs) using a sandwich
variance to ensure validity for model
misspecification. Secondary endpoints

were analysed in the same way as the
primary endpoint. Additionally, we
considered the number of fever at-
tacks over the 24 weeks of treatment
as a recurrent event, and performed
the counting process approach using
the stratified Cox proportional hazard
model. Statistical tests were 2-sided,
and p-values < 0.05 were considered to
be significant for the primary endpoint.
Unique laboratory values in this study
are summarised and illustrated. The
post-rescue data were considered miss-
ing and imputed by the last observation
carried forward method.

We used SAS v. 9.2 (SAS Institute,
Cary, North Carolina) to create the data
set and perform statistical analyses, and
created figures using R version 4.0.2.

Results

Patient flow and characteristics

Of the 49 screened patients, 23 were
enrolled in the study. We randomly as-
signed 12 patients to the placebo group
and 11 to the TCZ group (Fig. 1). Of
the patients who were excluded before
enrolment due to a 12-week absence
of fever attacks during the observation
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period, 2 patients who regained con-
sent were found to have a fever attack
during the observation period and met
the enrolment criteria. Both of these
patients were randomly assigned to the
placebo group. Baseline demographic
and disease characteristics were bal-
anced between the groups (Table I),
but patients who received TCZ were
slightly younger and had higher levels
of CRP, SAA, and IL-6 at baseline. Re-
garding the MEFV gene variants, of the
17 patients for whom testing was avail-
able, 3 patients had heterozygous exon
10 M6941, which is considered a patho-
logical variant, 12 patients had variants
of unclear pathological significance in
exons 1-3, and no MEFV gene variants
were detected in the remaining 2 pa-
tients. There were no homozygous vari-
ants of exon 10 among the participants
in these trials. No patient had obvious
proteinuria on urinalysis at screening.
No patient had findings suggestive of
amyloidosis on electrocardiography or
echocardiography at screening. There
were 4 patients from the placebo group
and 1 from the TCZ group who met the
criteria for rescue treatment. In addi-
tion, there was one colchicine-intoler-
ant patient in the placebo group and two
patients in the TCZ group.

Primary outcome in 24-week,

double-blind phase (NUHOIFMF trial)
Figure 2 shows the number of fever at-
tacks during the double-blind period
of the study. Occurred over 4 weeks,
there were an estimated 0.37 attacks
in the TCZ group versus 0.53 in the
placebo group. Negative binomial re-
gression analyses showed that the es-
timated number of fever attacks per 1
week was 0.078 (95% CI, 0.027-0.222)
in the TCZ group and 0.113 (95% ClI,
0.053-0.242) in the placebo group, and
the TCZ-placebo attack rate ratio was
0.691 (95% CI,0.189-2.531). Although
the number of attacks was lower in the
TCZ group than in the placebo group,
the results were not significant (p=0.58).

Secondary outcomes in 24-week,

double-blind phase (NUHOIFMF trial)
Table II shows occurrences of symp-
toms accompanying attacks, the time
between fever attacks, and the dura-
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Table I. Baseline patient characteristics.

Placebo (n=12)

Tocilizumab (n=11)

Age at enrolment, years

Age at diagnosis, years

Female, n (%)

Height, cm

Body weight, kg

Number of febrile attacks per 24 weeks*?
Duration of febrile attack, hours*

459 (11.0)
419 (13.1)
6 (50)

160.5 (7.4)

609 (12.1)
4.88 (2.57-8.87)
444 (32.9-103)

375 (14.5)
333 (16.0)
8 (73)

1612 (7.5)

54.1 (11.8)
5.14 (2.75-8.31)
553 (38.6-83.6)

Patient global VAS, mm 23.5 (26.3) 37.6 (23.7)
Physician global VAS, mm 35.0 (28.8) 39.2 (29.7)
CRP, mg/L 7.06 (13.5) 11.8 (24.5)
SAA, mg/L 468 (1000) 1140 (3270)
IL-6, ng/L 3.63 (4.88) 12.92 (29.3)
Number of febrile attacks with arthritis per 24 weeks** 1.45 (0.36-4.95) 2.75 (1.60-8.31)
Colchicine intolerance, n (%) 19 2 (18)

Dose of colchicine, mg/day 0.63 (0.68) n=11 0.59 (0.54) n=9
MEFV gene variants*

Exon 10 mutations, total, n (%) 3 (30) 0 (0)
M6941 hetero, n (%) 2 (20) 0 (0)
M6941/E148Q multiple hetero, n (%) 1 (10) 0 (0)

Any other mutations, total, n (%) 6 (60) 6 (86)
E84K hetero, n (%) 2 (20) 0 (0)
E84K/E148Q multiple hetero, n (%) 1 (10) 0 (0)
E148Q hetero, n (%) 2 (20) 4 (57)
P369S/R408Q multiple hetero, n (%) 0 (0) 2 (39)
G304R hetero, n (%) 1 (10) 0 (0)

Data are n/N (%) or mean (SD) unless otherwise noted.

*Median (IQR).

*From 24 weeks before informed consent to the first dosing period.

# Placebo n=10; Tocilizumab n=7.

CRP: C-reactive protein; IL: interleukin; IQR: interquartile range; SAA: serum amyloid A; SD: standard

deviation; VAS: visual analogue scale.

Tocilizumab

patient1 |® .

patient 2

patient 3

patient 4 °

patient 5

patient 6

patient 7

patient 8

patient9

patient 10 *

patient 11

o = fever attack
Week

Placebo

patent1 |—&——@®—08——0—

patient 2

patient 3 *

patient 4 .

patient 5

patient 6

patient 7

patient 8 [e—e—e

patient 9

patient 10

patient 11

patient 12 * . . .

o = fever attack
Week

Fig. 2. Dot plot of fever attacks per patient in the double-blind period in the full analysis set

(NUHO1FMF).

tions of fever attacks. Negative bino-
mial regression analyses revealed that
the estimated number of any accom-
panying symptom during attacks per 1
week was 0.147 in the TCZ group and
0.274 in the placebo group (the TCZ-
placebo rate ratio = 0.538; 95% CI,

0.176-1.644). Abdominal pain, chest
pain, and headache tended to be less
common in the TCZ group, but there
were no significant differences between
the two groups regarding arthritis, the
time between fever attacks, or the du-
ration of fever attacks (Table II). The
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Table II. Secondary outcomes in 24-week, double-blind phase (NUHO1FMF trial).

percentage of patients who entered the
rescue phase was 33.3% in the placebo
group compared to 9.1% in the TCZ
group, according to the Kaplan-Meier
estimate. In the recurrence event data
analysis for fever attack using the strat-
ified counting process approach, there
were significantly fewer attacks dur-
ing the double-blind period in the TCZ
group (hazard ratio = 0.457; 95% ClI,
0.240-0.869).

In the TCZ group, the median serum
CRP level was 0.70 mg/L (range, 0.20—
82 mg/L) at baseline, decreased to 0.20
mg/L (range, 0.2-6.3 mg/L) at 2 weeks
after treatment start, and became nega-
tive (<1.0 mg/L) in all patients (0.20
mg/L; range, 0.20-0.80 mg/L) at 8
weeks. In the placebo group, CRP level
was 2.15 mg/L (range, 0.20-46 mg/L)
at baseline and was 1.65 mg/L (0.20—
3.8 mg/L) at 24 weeks, which was ab-
normal in some patients as those in the
baseline. Similarly, the median serum
SAA level in the TCZ group was 7.5
mg/L (range, 2.5-1100 mg/L) at base-
line, but decreased to 2.7 mg/L (range,
2.5-41 mg/L) at 2 weeks and remained
lower than baseline thereafter. In the
placebo group, the baseline level was
6.6 mg/L (range, 2.5-350 mg/L), but it
was 8.8 mg/L (range, 2.5-170 mg/L) at
2 weeks and 6.3 mg/L (range, 2.5-55
mg/L) at 24 weeks, remaining near the
baseline even after treatment.

At 24 weeks, 2/10 patients (20.0%) in
the TCZ group and 1/12 (8.3%) in the
placebo group achieved FMF50 (29).
The main changes in the FMF50 core
set during the double-blind phase were
improvement from baseline in all items
in the TCZ group at 24 weeks and a
decrease in scores compared to the
placebo group. The amount of change
and percentage change for each item
in the FMF core set are shown in Sup-
plementary Table I. The mean change
from baseline in the physician VAS was
not significantly different between two
groups.

The statistics for summary measures of
the SF-36 analysis are shown in Sup-
plementary Figure S1. At 24 weeks, the
TCZ and placebo groups improved by
10 points or more in daily functioning
(physical; 12.5 and 18.8, respectively)
and in body pain (42.0 in the placebo

Clinical and Experimental Rheumatology 2022

Placebo Tocilizumab TCZ-placebo
(n=12) (n=11) rate ratio
Accompanying symptoms, times/week
Any 0.274 (0.128-0.586)  0.147 (0.065-0.334) 0.538 (0.176-1.644)

Abdominal pain

Chest pain 0.076 (0.024-0.242)
Arthritis 0.058 (0.024-0.142)
Headache 0.054 (0.021-0.137)

Time until a fever attack, hours*

Duration of fever attacks, hours* 45 (34-100)

0.058 (0.024-0.140)

794 (580-914)

0.033 (0.014-0.075)
0.016 (0.004-0.067)

0.570 (0.170-1.914)
0.215 (0.034-1.338)
0.055 (0.012-0.243)  0.944 (0.167-5.344)
0.025 (0.009-0.070)  0.456 (0.113—1.842)
907 (323-1019) —
72 (66-110) -

95% CI of estimate. *Median (IQR).

CI: confidence interval; IQR: interquartile range; TCZ: tocilizumab.

Table III. The summary of adverse events.

Tocilizumab Placebo
Case (%) Case (%)

Double blind period n=11 n=12
Adverse event 11 (100) 8 (66.7)
Adbverse event leading to death 0 (0) 0 (0)
Adverse event leading to withdrawal from treatment 1 9.1 0 (0)
Serious adverse event 2 (18.2) 1 (8.3)
Serious adverse event leading to withdrawal from treatment 1 9.1 0 (0.0)
Adverse drug reactions 10 (90.9) 4 (333)
Serious adverse drug reactions 1 9.1 0 (0)
Adverse drug reactions leading to withdrawal from treatment 1 9.1 0 (0)
Rescue period n=1 n=4
Adverse event 1 (100.0) 3 (75.0)
Adverse event leading to death 0 (0) 0 (0)
Adverse event leading to withdrawal from treatment 0 (0) 0 (0)
Serious adverse event 0 (0) 2 (50)
Serious adverse event leading to withdrawal from treatment 0 (0) 0 (0)
Adverse drug reactions 1 (100) 3 (75)
Serious adverse drug reactions 0 (0) 2 (50)
Adverse drug reactions leading to withdrawal from treatment 0 (0) 0 (0)
Tocilizumab treatment period n=11 n=4
Adverse event 11 (100) 3 (75)
Adverse event leading to death 0 (0) 0 (0)
Adverse event leading to withdrawal from treatment 1 (9.1 0 (0)
Serious adverse event 2 (18.2) 2 (50)
Serious adverse event leading to withdrawal from treatment 1 9.1 0 (0)
Adverse drug reactions 10 (90.9) 3 (75)
Serious adverse drug reactions 1 9.1 2 (50)
Adverse drug reactions leading to withdrawal from treatment 1 9.1 0 (0)

group), but there was no difference be-
tween the two groups in other items,
including the summary scale.

Efficacy in 48-week, open-label

phase (NUHO2FMF trial)

In the NUHO1FMEF trial, the TCZ arm
had a mean number of fever attacks
per week (+ SD) during the double-
blind period of 0.093+0.192. The mean
numbers of fever attacks per week
were  0.176+0.266, 0.0898+0.149,
0.079+0.148, and 0.068+0.153 at 4, 12,

24, and 48 weeks, respectively, after the
start of TCZ treatment. These results
suggest that most patients tend to have
fewer fever attacks in the long term. In
the NUHOIFMF trial, the placebo arm
had a mean number of fever attacks per
week during the double-blind period of
0.132+0.204, and the mean numbers of
fever attacks per week after the start
of TCZ were 0.00+0.00, 0.04+0.119,
0.049+0.130, and 0.041+0.088 at 4, 12,
24, and 48 weeks, respectively, sug-
gesting a long-term trend toward fewer
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fever attacks in most patients. The num-
ber of fever attacks tended to decrease
as the duration of TCZ treatment in-
creased.

Similarly, there was a tendency for ac-
companying fever attack symptoms to
be suppressed over time. Supplementa-
ry Table S2 shows the trend of accompa-
nying symptoms in the extension study.
In addition, serum CRP levels became
negative over the long term, and serum
SAA levels remained significantly low-
er than the baseline levels after the start
of TCZ treatment. The trends for serum
CRP, SAA, and physician VAS data af-
ter TCZ administration in all patients
during the double-blind period and the
extension study are shown in Supple-
mentary Figure S2. The baseline for the
TCZ group is the start of the double-
blind period, whereas the baseline for
the placebo group is the transition to
rescue during the double-blind period
or transition to the extension study (at
the first administration of TCZ).

In summary, fever attacks were con-
trolled in most of the patients who re-
ceived long-term TCZ and those who
switched to TCZ, suggesting the effi-
cacy of TCZ in patients with FMF.

Safety

(NUHOIFMF and NUHO2FMF trial)
Table III shows summaries of the ad-
verse events during the double-blind
period, in patients treated with TCZ
during the rescue period, and during
the entire period. The total number of
adverse events during the double-blind
period is shown in Supplementary Ta-
ble III. The major adverse events were
hypofibrinogenemia (8 cases), injec-
tion site reaction (2 cases), and head-
ache (2 cases) in the TCZ group, and
folliculitis and upper respiratory tract
inflammation (2 cases each) in the pla-
cebo group. In the placebo group, there
were 2 cases each of folliculitis and
upper respiratory tract inflammation.
There were no adverse events that led
to death throughout the study period.
The median serum TCZ concentration
increased from 23.80 pg/mL (range,
11.4-48.1 pg/mL) at week 4 to 39.20
pg/mL (range, 21.4-83.9 pg/mL) at
week 24, and the trough concentration
remained around 20 ug/mL after week
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4. No anti-TCZ antibodies were detect-
ed in any patient after the start of TCZ
treatment.

Discussion

In this randomised, double-blind, pla-
cebo-controlled trial, although there
was no statistically significant differ-
ence in the primary endpoint (the num-
ber of fever attacks), the TCZ group
was more effective than the placebo
group in most endpoints. During the
double-blind period, 10 of 13 fever at-
tacks in the TCZ group and 11 of 20
in the placebo group were identified by
week 8, and there was a trend toward
suppression of fever attacks in the TCZ
group compared to the placebo group
as the treatment period increased. This
result may indicate that the attacks ap-
peared before the blood concentration
of TCZ stabilised and the drug effect
was fully exerted. In line with this ob-
servation, the percentage of patients
who entered the rescue phase was
higher in the placebo group compared
to that of the TCZ group. In the placebo
group, there were more patients who
required intervention for increased fe-
ver attacks after week 14. The failure
to validate the effect of TCZ in the
primary endpoint was impacted by the
lower-than-expected estimated number
of fever attacks in the placebo group
(0.113 per week). This was influenced
by the small number of patients, given
that half of the patients in the placebo
group were attack-free.

The results of the subsequent open-label
extension study showed that the num-
bers of fever attacks and accompanying
symptoms, such as pleurisy and perito-
nitis, tended to be generally controlled
in the long term both in patients who
continued to receive TCZ from the pre-
ceding study and in those who switched
to TCZ. Consistent with the results of
this study, there are many reports of ef-
ficacy in the literature, including case
reports of TCZ (19-22, 30, 31).
Currently, IL-1 inhibitors, including
canakinumab, have been shown to be
effective in treating crFMF (32, 33),
but in some cases, they are not effec-
tive enough or cannot be used due to
adverse events. IL-1 inhibitors have
also been shown to be effective against

amyloidosis (34, 35). It has been pro-
posed that IL-6 inhibitors may have a
higher potential to normalise SAA than
other biologic agents (36) and IL-6
inhibitors have been suggested to be
useful in preventing the progression
of amyloidosis and improving amyloid
deposition (21, 37). The present patient
had a low-risk gene variant for devel-
oping amyloidosis, and no patient had
clinical symptoms suggestive of amy-
loidosis on urinalysis or electrocardi-
ography and echocardiography during
the study period. Therefore, amyloid
protein was not evaluated by histologi-
cal examination. The effect of IL-6 in-
hibitors on amyloidosis was not evalu-
ated in this study.

In the double-blind period, 2 serious
adverse events were observed in 2 pa-
tients in the TCZ group (myocarditis,
headache) and 1 in the placebo group
(hypoglycemia). The following is the
detailed history of a case of myocardi-
tis. After 4 weeks of treatment with the
investigational drug, the patient devel-
oped chest pain, mild ST-segment el-
evation at V1-4 on electrocardiogram,
and cardiac enlargement on plain chest
radiograph. Therefore, the patient was
evaluated by cardiac catheterisation.
The catheterisation showed no evi-
dence of infarction and myocarditis was
suspected, so a myocardial biopsy was
performed, which showed neutrophilic
inflammation. The cardiologist sug-
gested systemic administration of ster-
oids for progressive myocarditis. Since
it was difficult to evaluate this study
under moderate doses of steroids, the
investigator decided to discontinue the
study drug. The myocarditis improved
with prednisolone 30 mg oral adminis-
tration, and prednisone was tapered off.
Except for the case of myocarditis, there
was no causal relationship with the in-
vestigational drug, and the patients re-
covered with treatment. Although the
duration of treatment and the numbers
of patients in the prior and continuing
studies are limited, the safety profile of
TCZ in our research is similar to that
in the information available to date (38,
39), and TCZ is considered to be well
tolerated in patients with FMF.

There are several limitations to this
study. First, the sample size was small,
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resulting in low statistical power and
uncertainty in the results. Second, for
patients who did not have fever attacks
during the observation period, it was
assumed that the frequency of fever
attacks would remain low after entry,
and therefore, reconsent for the same
patients should not be allowed. Third,
we should have considered an analysis
in which attacks up to 4-8 weeks, when
blood levels of TCZ were stable, were
not included in the evaluation. Fourth,
the high response to placebo could be
attributed to differences in the baseline
colchicine doses or the number of fever
attacks during 24 weeks prior to study
entry. Fifth, the percentage of Japanese
patients with MEFV exon 10 variants is
lower than those in Western countries
(40-42), and the number of participants
with exon 10 variants was small in
this study. The overall low frequency
of attacks in this study may be due to
the small number of cases with the
pathogenic variants in exon 10, which
reflects the genetic characteristics of
FMF in Japan. Finally, this study in-
cluded cases of late-onset FMF. Stud-
ies have shown that late-onset FMF
patients have different clinical char-
acteristics compared to patients with
early-onset FMF (42, 43), and this het-
erogeneity may have influenced the re-
sults. Despite these limitations, this is
the first double-blind, randomised, pla-
cebo-controlled trial to demonstrate the
long-term efficacy of TCZ in reducing
recurrent fever attacks, and the results
of this study provide useful insight into
the management of FMF.

Conclusions

In conclusion, administration of TCZ
to FMF patients with inadequate or
intolerant responses to colchicine was
suggested to be effective in reduc-
ing the numbers of fever attacks and
accompanying symptoms associated
with FMF, and our results suggested
that TCZ showed stable efficacy even
after long-term administration. Addi-
tionally, no new concerns about safety
have been found. Based on these re-
sults, TCZ may be a useful treatment
option for FMF patients who have had
an inadequate response to existing
therapies.
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