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2009; in females, rates were 8.1% in 1999, 7.1% in 2004, and
6.9% in 2009.'

The proportion of patients with a history of systemic steroid
administration did not change during the study period. With
respect to individual underlying diseases treated by steroid
administration, proportions of patients treated for SLE and
renal transplantation decreased in both genders. In Japan, SLE
patients receiving public financial aid for treatment have been
increasing: there were 47 295 patients in 1999, 52 195 in 2004,
and 57253 in 2009.'> Also, an increase in number of patients
with renal transplantation was shown: 158 patients in 1999,
173 in 2004, and 182 in 2009.1® However, current treatments
for SLE and prevention of rejection after renal transplantation
have improved and provided steroid-sparing options,'’
which are expected to contribute to the significant reduction
in the number of steroid-induced ONFH cases. In contrast, the
number of patients with pulmonary diseases other than asthma
significantly increased. The majority of cases were chronic
obstructive pulmonary disorder (COPD) and interstitial
pneumonia (IP). These findings are consistent with the
increasing trends in COPD and IP documented in Japan.'>?
Most patients admitted with exacerbation of COPD are likely
to be treated with high-dose steroids, although a study has
shown that low doses of steroids are not associated with worse
outcomes.?! Because the treatment for IP has been changing
towards a steroid-sparing regimen,?? a decline in ONFH may
be observed in the future.

The shift in age distribution in this study population might
also influence trends in underlying diseases which needed
steroid administration, especially in females. The average ages
of females with underlying diseases treated with steroids that
showed a significant increase were relatively old: 56 years in
other types of collagen disease; 58 years in pulmonary
disease; and 53 years in skin disease. In contrast, the average
age of females with underlying diseases that showed a
significant decline was relatively young: 37 years in SLE and
37 years in renal transplantation. A similar relationship was
observed in males.

There are several limitations to this study. First, our findings
might be biased because the monitoring system is based solely
on data from university hospitals and highly specialized
hospitals. However, when we compared our findings with the
results of a 2004 nationwide epidemiologic survey in Japan,’
we did not find any substantial differences between the two
studies. The nationwide survey showed a similar distribution
of age at diagnosis to this study and a gender ratio of 1.5,
which was slightly lower than in the present study. In addition,
assessment of potential causative factors in that study found
34% of patients with systemic steroid administration, 47%
with habitual alcohol intake, 4% with both factors, and 15%
with neither factor among males; in females, 76% of patients
had systemic steroid administration, 6% had habitual alcohol
intake, 1% had both factors, and 16% had neither. Because
ONFH is designated as an intractable disease in Japan,

patients are likely to visit or be referred to highly specialized
hospitals, which might mean that similar characteristics are
reported in both the monitoring system and the nationwide
survey. Second, although we collected data on the stage
and type of ONFH, we could not assess trends in these
characteristics due to the revision of their definitions in 2001.
Third, a significant increase in the proportion of patients
with skin disease as an underlying disease treated by steroid
administration in females was demonstrated, but the details of
the disease entity were unknown.

Conclusions

This study confirms that the monitoring system is a useful
method for documenting temporal trends in the characteristics
of ONFH. Main findings include an increase in the number
of patients, a shift to an older age at diagnosis, a decline in
the proportion of patients with SLE and renal transplantation,
and an increase in the proportion of patients with pulmonary
disease (except asthma) as underlying diseases treated by
systemic steroid administration. Because our study was a
descriptive epidemiologic study, further analytical studies are
needed to elucidate the factors associated with these trends.

ONLINE ONLY MATERIALS

eTable 1. Trends in the distribution of demographic data and
assessment of potential causative factors according to gender
in the 11 hospitals between 1997 and 2011.

eTable 2. Trends in the distribution of underlying diseases for
which patients received steroid therapy in the 11 hospitals
between 1997 and 2011 in males.

eTable 3. Trends in the distribution of underlying diseases for
which patients received steroid therapy in the 11 hospitals
between 1997 and 2011 in females.
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APPENDIX

Members of the Study Group (shown in alphabetical order of
affiliation) are as follows: Drs. Takeo Matsuno and Hiroshi
Ito (Asahikawa Medical University); Drs. Shunji Kishida
and Junichi Nakamura (Chiba University); Drs. Yoshihide
Nakamura and Masaki Kishiya (Hirosaki University); Drs.
Yuji Yasunaga and Takuma Yamasaki (Hiroshima University);
Drs. Daisuke Takahashi, Tsuyoshi Asano and Tokifumi
Majima (Hokkaido University); Drs. Setsuro Komiya,
Yasuhiro Ishidou and Yoshiya Arishima (Kagoshima
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University); Dr. Tamon Kabata (Kanazawa University); Drs.
Tadami Matsumoto and Ayumi Kaneuji (Kanazawa Medical
University); Dr. Kenji Ohzono (Kansai Rosai Hospital);
Dr. Moritoshi Itoman (Kitasato University); Drs. Takayuki
Nishiyama and Takaaki Fujishiro (Kobe University); Drs.
Fujio Higuchi and Takahiro Okawa (Kurume University
Medical Center); Drs. Mikihiro Fujioka and Keiichiro
Ueshima (Kyoto Prefectural University of Medicine); Dr.
Goro Motomura (Kyushu University); Dr. Akihiro Sudo
(Mie University); Dr. Etsuo Chosa (Miyazaki University);
Dr. Makoto Osaki (Nagasaki University); Dr. Yukiharu
Hasegawa (Nagoya University); Drs. Naoto Endo and
Kunihiko Tokunaga (Niigata University); Dr. Nobuhiro Kaku
(Oita University); Drs. Takashi Nishii, Takashi Sakai and
Masaki Takao (Osaka University); Drs. Kunio Takaoka,
Hiroaki Nakamura and Hiroyoshi Iwaki (Osaka City
University); Dr. Hidenobu Miki (Osaka National Hospital);
Drs. Takao Hotokebuchi and Masaaki Mawatari (Saga
University); Drs. Setsuo Ninomiya and Hitoshi Taneda
(Saitama Medical School); Dr. Satoshi Nagoya (Sapporo
Medical University); Dr. Hiroyuki Kodaira (Shinshu
University School of Medicine); Dr. Takashi Atsumi (Showa
university Fujigaoka hospital); Dr. Seneki Kobayashi (Suwa
Red Cross Hospital); Drs. Sakae Tanaka and Hideya Ito (The
University of Tokyo); Dr. Kengo Yamamoto (Tokyo Medical
University); Drs. Tetsuya Jinno and Daisuke Koga (Tokyo
Medical and Dental University); Drs. Michiaki Takagi and Kan
Sasaki (Yamagata University); and Drs. Yutaka Inaba and
Naomi Kobayashi (Yokohama City University).

REFERENCES

1. Mont MA, Zywiel MG, Marker DR, McGrath MS, Delanois RE.
The natural history of untreated asymptomatic osteonecrosis of
the femoral head: a systematic literature review. J Bone Joint
Surg Am. 2010;92:2165-70.

2. Yamaguchi R, Yamamoto T, Motomura G, Tkemura S, Iwamoto
Y. Incidence of nontraumatic osteonecrosis of the femoral head
in the Japanese population. Arthritis Rheum. 2011;63:3169-73.

3. Kang JS, Park S, Song JH, Jung YY, Cho MR, Rhyu KH.
Prevalence of osteonecrosis of the femoral head: a nationwide
epidemiologic analysis in Korea. J Arthroplasty. 2009;24:
1178-83.

4. Aoki R, Ohno Y, Tamakoshi A, Kawamura T, Wakai K, Lin YS,
et al. Nationwide epidemiological survey on idiopathic necrosis
of the femoral head in Japan. Annual Report of Research
Committee on Epidemiology of Intractable Diseases in 1995.
Tokyo: Japan Minist. Heal. Welf. Japan; 1996. p. 67-72 (in
Japanese).

5. Fukushima W, Fujioka M, Kubo T, Tamakoshi A, Nagai M,
Hirota Y. Nationwide epidemiologic survey of idiopathic
osteonecrosis of the femoral head. Clin Orthop Relat Res.
2010;468:2715-24.

6. Hirota Y, Hirohata T, Fukuda K, Mori M, Yanagawa H, Ohno Y,
et al. Association of alcohol intake, cigarette smoking, and
occupational status with the risk of idiopathic osteonecrosis of

J Epidemiol 2015

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

....96_.

the femoral head. Am J Epidemiol. 1993;137:530-8.

. Sakaguchi M, Tanaka T, Fukushima W, Kubo T, Hirota Y,

Idiopathic ONF Multicenter Case-Control Study Group. Impact
of oral corticosteroid use for idiopathic osteonecrosis of the
femoral head: a nationwide multicenter case-control study in
Japan. J Orthop Sci. 2010;15:185-91.

. Takahashi S, Fukushima W, Kubo T, Iwamoto Y, Hirota Y,

Nakamura H. Pronounced risk of nontraumatic osteonecrosis of
the femoral head among cigarette smokers who have never used
oral corticosteroids: a multicenter case-control study in Japan.
J Orthop Sci. 2012;17:730-6.

. Matsuo K, Hirohata T, Sugioka Y, lkeda M, Fukuda A.

Influence of alcohol intake, cigarette smoking, and

occupational status on idiopathic osteonecrosis of the femoral
head. Clin Orthop Relat Res. 1988;115-23.

. Sugano N, Kubo T, Takaoka K, Ohzono K, Hotokebuchi T,

Matsumoto T, et al. Diagnostic criteria for non-traumatic
osteonecrosis of the femoral head. J Bone Joint Surg Br. 1999;
81:590-5.

Hasegawa Y, Tkeuchi K, Seki Y, Kanoh T, Matsuoka A.
Incidence of idiopathic osteonecrosis of femoral head in Aich
prefecture. Tokyo: Japan Minist. Heal. Welf. Japan; 2012.
p. 75-7 (in Japanese).

Organisation for Economic Co-operation and Development.
OECD Health Data 2012—Frequently Requested Data
2012. Available from: http://www.oecd.org/els/health-systems/
oecdhealthdata2012-frequentlyrequesteddata. htm.

Statistics  Bureau, Ministry of Internal Affairs and
Communications. Population Estimates. 2012. Available from:
http://www.stat.go.jp/english/index.htm.

Ministry of Health, Labour and Welfare. National Health and
Nutrition Survey. 2012. Available from: http://www.mhlw.go.jp/
bunya/kenkou/kenkou_eiyou_chousa.html.

Japan Intractable Diseases Information Center. The number of
cases of intractable diseases in Japan. 2012. Available from:
http://www.nanbyou.or.jp/entry/1356.

Network JOT. Donors and Transplants Data. Available from:
http://www.jotnw.or.jp/english/data.html.

Houssiau FA, Ginzler EM. Current treatment of lupus nephritis.
Lupus. 2008;17:426-30.

Kumar MS, Heifets M, Moritz MJ, Saeed MI, Khan SM, Fyfe B,
et al. Safety and efficacy of steroid withdrawal two days after
kidney transplantation: analysis of results at three years.
Transplantation. 2006;81:832-9.

Aol M, de Mattos AM, Chung JS, Prather JC, Mittalhenkle A,
Norman DJ. Late steroid withdrawal and cardiovascular events in
kidney transplant recipients. Transplantation. 2008;86:1844-8.
Ministry of Health, Labour and Welfare. Trends in leading
causes of death. Available from: http:/www.mhlw.go.jp/toukei/
list/81-1a.html.

Lindenauer PK, Pekow PS, Lahti MC, Lee Y, Benjamin EM,
Rothberg MB. Association of corticosteroid dose and route
of administration with risk of treatment failure in acute
exacerbation of chronic obstructive pulmonary disease. JAMA.
2010;303:2359-67.

Antin-Ozerkis D, Rubinowitz A, Evans J, Homer RJ, Matthay
RA. Interstitial lung disease in the connective tissue diseases.
Clin Chest Med. 2012;33:123-49.



Original Article

Descriptive Epidemiology of Prion Disease in Japan: 19992012

Yosikazu Nakamaura', Ryusuke Ae', Ichiro Takumi?, Nobuo Sanjo?®,
|| Tetsuyuki Kitamoto*, Masahito Yamada®, and Hidehiro Mizusawa®

J Epidemiol 2015;25(1):8-14
doi-10.2188/jea.JE20140022

(cc)

o

|| 'Department of Public Health, Jichi Medical University, Shimotsuke, Tochigi, Japan

2Department of Neurosurgery, Nippon Medical School Musashi-Kosugi Hospital, Kawasaki, Kanagawa, Japan

*Department of Neurology and Neurological Science, Graduate School, Tokyo Medical and Dental University, Tokyo, Japan

' | “Department of Prion Protein Research, Division of CJD Science and Technology, Tohoku University Graduate School of Medicine, Sendai, Japan
| SDepartment of Neurology and Neurobiology of Aging, Kanazawa University Graduate School of Medical Science, Kanazawa, Japan

| | Received January 24, 2014; accepted June 11, 2014; released online October 4, 2014

Copyright © 2014 Yosikazu Nakamaura et al. This is an open access article distributed under the terms of Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

ABSTRACT

Background: Epidemiologic features of prion diseases in Japan, in particular morbidity and mortality, have not

been clarified.

Methods: Since 1999, the Research Committee has been conducting surveillance of prion diseases, and the
surveillance data were used to assess incident cases of prion diseases. For the observation of fatal cases, vital statistics

were used.

Results: Both incidence and mortality rates of prion diseases increased during the 2000s in Japan. However, this

increase was observed only in relatively old age groups.

Conclusions: The increased number of patients among old age groups might be due to increased recognition of the
diseases. If so, the number of cases should plateau in the near future.

Key words: prion diseases; Creutzfeldt-Jakob syndrome; incidence; mortality; secular trends

INTRODUCTION

In 1996, when the paper indicating the relationship between
bovine spongiform encephalopathy (BSE) and the human
variant Creutzfeldt-Jakob disease (CJD) was published,' full-
scale epidemiologic research for prion diseases, such as CJD,
Gerstmann-Strausslar-Scheinker disease (GSS), and fatal
familial insomnia (FFI), started in Japan.? Since 1999, a
nationwide surveillance system for prion diseases has been
implemented, and patients with prion diseases have been
registered.> The epidemiologic features of prion diseases in
Japan are summarized as follows>?: (1) the annual incidence
rate is about 1 case per 1 million population, which is similar
to the worldwide standard; (2) the incidence rate is highest
among those aged in their 60s and 70s; and (3) CJD associated
with cadaveric dura mater transplantation is more prevalent
in Japan than in other countries.

Over the past decade, the number of patients with prion
diseases has increased in Japan. While the reason for this
increase is unclear, epidemiologists must consider that
increased recognition of the disease may lead to a

subsequent increase in the number of patients. In other
words, whether prevalence has truly increased or whether
some other factors have made the number merely seem
increased should be clarified. Detailed observation of the
epidemiologic features of prion diseases might shed light on
this apparent increase in prevalence.

We conducted this descriptive epidemiologic research with
two purposes: to clarify the recent epidemiologic features of
prion diseases in Japan and to obtain some hints about the
cause of increasing incidence of the diseases in Japan.

METHODS

We used two data sets in this study. One was the registry data
of prion diseases in Japan obtained through the surveillance
system conducted by the Surveillance Committee, which is
financially supported by the Ministry of Health, Labour and
Welfare of the Japanese government.> The system was first
implemented in April 1999. There are several routes to
obtain information about the existence of potential patients
with prion diseases: a mandatory reporting system from

Address for correspondence. Yosikazu Nakamura, MD, MPH, FFPH, Department of Public Health, Jichi Medical University, 3311-1 Yakushiji, Shimotsuke,

Tochigi 329-0498, Japan (e-mail: nakamuyk@jichi.ac.jp).
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physicians, the public-aid-for-treatment system, and clinical
examinations.

First, since 1999, prion diseases have been designated as
reportable diseases by the Prevention of Infectious Discases
and Medical Care for Infectious Patients Act (Act No. 114 of
1998). When a physician diagnoses a patient as having a prion
disease, he or she must report the fact to a local public health
center.

Second, prion diseases are designated as diseases qualifying
for public aid. Patients with one of the designated diseases
receive treatment from a hospital with public aid, and he or
she is not required to pay any fee. The aid is based on a claim
made by the patient or his or her family to a public health
center, so information on the patient is obtained when making
the claim.

Lastly, the Surveillance Committee conducts human prion
protaineous gene analyses at Tohoku University and
cerebrospinal fluid analyses (14-3-3 protein and total tau
protein) at Nagasaki University. Physicians who suspect that a
patient has a prion disease or who want to certify the diagnosis
of a prion disease may send blood or cerebrospinal fluid to
these universities with a patient’s informed consent. The cost
is covered by research funds from the national government,
and the patient and physician are not responsible for paying
any fees.

When the Surveillance Committee obtains information
about a potential patient through one of these three routes,
one of the committee members, who is a neurologist or a
psychiatrist familiar with prion diseases, obtains detailed data
about the patient by meeting the patient if possible or using
hospital records. Based on the obtained data, the Committee
members discuss whether or not the patient has a prion
disease, and patients recognized to have a prion disease are
registered anonymously.

In the present study, we used only data of registered patients
with disease onset from 1999 through 2012. We observed
epidemiologic features of prion diseases in Japan calculated
standardized morbidity rates by prefecture and secular trends
of age-specific incidence rates. As shown in Figure 4, the
2012 data are still incomplete, so patients diagnosed in this
year were excluded in observation of time and place.

We also used data on vital statistics in Japan from
1999 through 2012  (http://www.e-stat.go.jp/SG1/estat/
GL08020101.do? toGL08020101_&tstatCode=000001028897&
requestSender=dsearch). Since 1999, the statistics presented
the numbers of fatal cases with prion diseases (ICD-10th;
A81.0 [Creutzfeldt-Jakob disease] + A81.8 [Other atypical
virus infections of central nervous system]) by prefecture as
an infectious disease as well as the fatal numbers by age and
sex. Therefore, we calculated standardized mortality ratios by
prefecture in addition to age-specific mortality rates in Japan.
For calculating 95% confidence intervals (CIs) of standardized
morbidity and mortality ratios, we used the table presented by
Schoenberg.*

In addition to these analyses, standardized morbidity and
mortality ratios—the former of which were based on the
surveillance data and the latter of which were based on
the wvital statistics—were compared with the number of
neurologists authorized by the Societas Neurologica
Japonoca (http://www.kktcs.co.jp/jsn-senmon/secure/senmon.
aspx) per population by prefecture.

The age-specific population for incidence and mortality
rates by calendar year was that used in vital statistics, while
that for calculation of standardized morbidity and mortality
ratios by prefecture was the census population in 2005.

RESULTS

There were 2026 incident cases of prion diseases (854 males
and 1172 females) from 1999 through 2012 and 2334 fatal
cases (1035 males and 1299 females) from 1999 through 2012
according to vital statistics in Japan. The average annual
incidence rate was 1.09 cases per 1 million population (0.95
for males and 1.22 for females, calculated from 1999 through
2011) and average annual mortality rates were 1.32 per 1
million population (1.20 for males and 1.44 for females).

The results below are described according to the three
major characteristic headings of descriptive epidemiology:
persons, place, and time.’

Persons

Table 1 shows the characteristics of 2026 incident patients
with prion diseases in Japan during the 14 years from 1999
through 2012. The number of patients by age class was largest
in the group aged 70-79 years, followed by those aged 6069
years. Of the 2026 patients with prion diseases, 77% was
sporadic CJD patients.

Place

The standardized morbidity and mortality ratios for each
prefecture are shown in Table 2. The standardized morbidity
ratios ranged from 0.28 (Shiga Prefecture) to 2.15 (Saga
Prefecture), while the ratios for mortality ranged from 0.24
(Tottori Prefecture) to 1.90 (Yamanashi Prefecture). As shown
in Figures 1 and 2, no geographical clustering of prevalent
prefectures was observed. The correlation coefficient between
the morbidity and mortality ratios was 0.53 (95% CI 0.29 to
0.71; Figure 3). We assessed the relationship between the
morbidity and mortality of prion diseases and the number
of neurologists per population because there is a possibility
that shortage of neurological medical services introduces
misdiagnosis of prion diseases. However, the correlation
coefficient between the standardized morbidity ratio and the
number of neurologists was —0.12 (95% CI —0.39 to 0.17),
while that for the standardized mortality ratio was —0.09
(95% CI —0.37 to 0.20). The coefficients for the relationship
between standardized morbidity and mortality ratios and the
number of neurologists per population aged >65 years were

J Epidemiol 2015;25(1):8-14
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Table 1. Demographic characteristics of patients with prion diseases in Japan, 1999-2012
. Familiar prion diseases
Whole patients ~ Sporadic CJD®  Variant CJp  _-0 With dura mater P Unclassified CJD®
transplantaion Familiar CJDP GGS FFI

Total sample 2026 (100) 1550 (77) 1 83 (4) 298 (15) 84 (4) 4 6
Sex

Male 854 (42) 636 (41) 1 35 (42) 136 (46) 41 (49) 3 2

Female 172 (58) 914 (59) 48 (58) 162 (54) 43 (51) 1 4

Total 2026 (100) 1550 (100) 1 83 (100) 298 (100) 84 (100) 4 6
Age at onset (years)

10-19 2 (2) 1 (0)

20-29 8 (0) 5 (6) 1(0) 2 (2

30-39 29 (1) 12 (1) 7 (8) 1(0) 9 (11)

40-49 89 (3) 40 (3) 1 5 (6) 10 (3) 11 (13) 1 1

50-59 304 (15) 212 (14) 20 (24) 30 (10) 40 (48) 2

60-69 613 (30) 498 (32) 25 (30) 70 (23) 18 (21) 1 1

70-79 738 (36) 590 (38) 17 (20) 123 (41) 4 (5) 4

80-89 245 (12) 186 (12) 2 (2) 57 (19)

90-99 14 9 5

Unknown 3 3

Total 2026 (100) 1550 (100) 1 83 (100) 298 (100) 84 (100) 4 6

Mean 67.9 68.7 57.9 70.7 53.8 545

sD 1.1 9.8 16.2 1.4 10.7 6.4

Oldest age 94 94 85 93 75 61

Youngest age 15 30 15 15 22 46

CJD, Creutzfeldt-Jakob disease; FFI, fatal familial insomnia; GSS, Gerstmann-Strausler-Scheinker disease; SD, standard deviation.

Percentages are shown in parentheses. Percentages may not add up to exactly 100% because of rounding.
2Including CJD without prion protein gene analyses.

bIncluding patients without prion protein gene variation but with family histories of CJD.

°Those whose diagnosis has been confirmed as CJD, but whose type of CJD has not been surveyed.

—0.17 (95% CIL: —0.44 to 0.12) and —0.00 (95% CI: —0.29 to
0.29), respectively.

Time

Figure 4 shows the annual incidence and mortality cases by
year. Because the cases of prion diseases in recent years have
not all been discussed by the Committee yet, the numbers of
new cases in recent years (specifically 2012) were small.
Figures 5 and 6 show the age-specific incidence and mortality
rates of prion diseases by year. Although the rates increased
among older subjects, those among younger subjects did not
increase.

DISCUSSION

In the present study, we described the epidemiologic features
of prion diseases in Japan using two data sources—the prion
disease surveillance system and vital statistics—from three
descriptive epidemiologic viewpoints: persons, place, and
time.

The prion disease surveillance system in Japan intends to
collect information when a person receives a prion disease.
The vital statistics comprise the data when the patient dies.
According to the natural history of the disease, which is that
patients with prion diseases die within a few years of disease
onset, the numbers of incident patients and deceased ones

J Epidemiol 2015;25(1):8-14

should be similar, although they were not identical because of
the time lag between onset and death. We recognized 2026
incident cases and 2334 fatal cases in this study for the
observed 14 years. There are several possible explanations for
the difference between the two figures (308 cases). First, as
mentioned before, a time lag exists between onset and death.
Second, the surveillance data were incomplete for recent
calendar years (Figure 4). In addition, discrepancies in
diagnoses may exist between the two databases. Cases in
the surveillance system should be true prion diseases because
their diagnoses were based on the discussion of the
Surveillance Committee, which consists of neurologists,
psychiatrists, and neuropathologists and uses clinical
findings and medical records gathered by the committee
members, gene analyses, and pathological findings including
results of western blot analyses. On the other hand, the vital
statistic data consists of death certificate data for which the
recorded cause underlying death was a prion disease. Because
all physicians are able to create death certificates, some of
these might be cases described by physicians who were not
experts in prion diseases. These points might be the reasons
for the gap between the numbers of incident and fatal cases.
Nonetheless, we consider the validity of the two datasets used
in this study to be quite high and believe that our findings
accurately reflect the true epidemiologic features of prion
diseases in Japan.
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Table 2. Morbidity, mortality, and other variables concerning prion diseases in Japan, by prefecture

Number of

P - NumberRok newly — Crude Standardized Number of CrL.!de Standardized
opulation® newly . incidence rate . . . mortality rate . .
(thousands)  diagnosed diagposed (per million morbidity ratio fatal patients (per million mortality ratio
patients patients population/year) (95% C1) (1999-2012) population/year) (95% C1)
(1999-2011)°
Total 127768 2026 1814 1.09 2334 1.30
Hokkaido 5628 138 124 1.69 1.47 (1.23-1.76) 106 1.35 0.97 (0.80-1.18)
Aomori 1437 19 16 0.86 0.72 (0.41-1.16) 20 0.99 0.69 (0.42-1.07)
lwate 1385 19 19 1.06 0.85 (0.51-1.35) 22 1.13 0.75 (0.47-1.14)
Miyagi 2360 44 43 1.40 1.31 (0.95-1.77) 43 1.30 1.01 (0.73-1.37)
Akita 1146 28 28 1.88 1.40 (0.93-2.03) 32 2.00 1.22 (0.84-1.72)
Yamagata 1216 20 20 1.26 1.00 (0.61-1.54) 18 1.06 0.69 (0.41-1.09)
Fukushima 2091 38 35 1.29 1.10 (0.77-1.53) 36 1.23 0.87 (0.61-1.20)
Ibaraki 2975 18 15 0.39 0.36 (0.20-0.59) 35 0.84 0.66 (0.46-0.91)
Tochigi 2017 16 10 0.38 0.36 (0.17-0.66) 40 1.42 1.11 (0.79-1.51)
Gunma 2024 41 39 1.48 1.33 (0.95-1.82) 36 1.27 0.95 (0.67-1.32)
Saitama 7054 67 60 0.65 0.66 (0.50-0.85) 119 1.20 1.04 (0.86~1.24)
Chiba 6056 97 85 1.08 1.05 (0.84-1.30) 100 1.18 0.97 (0.79-1.19)
Tokyo 12577 166 149 0.91 0.90 (0.76-1.06) 228 1.29 1.08 (0.94-1.23)
Kanagawa 8792 154 134 117 1.19 (1.00-1.42) 153 1.24 1.07 (0.91-1.26)
Niigata 2431 51 49 1.55 1.28 (0.94—1.68) 53 1.56 1.06 (0.79-1.39)
Toyama 1112 12 10 0.69 0.57 (0.27-1.05) 18 1.16 0.79 (0.47-1.25)
Ishikawa 1174 38 35 2.29 2.05 (1.43-2.84) 22 1.34 1.00 (0.63-1.51)
Fukui 822 7 6 0.56 0.48 (0.18-1.05) 7 0.61 0.43 (0.17-0.89)
Yamanashi 885 26 23 2.00 1.77 (1.12-2.65) 32 2.58 1.90 (1.30-2.68)
Nagano 2196 21 19 0.67 0.55 (0.33-0.86) 47 1.53 1.04 (0.77-1.39)
Gifu 2107 38 32 117 1.04 (0.71-1.46) 38 1.29 0.95 (0.68-1.31)
Shizuoka 3792 71 67 1.36 1.22 (0.95-1.55) 86 1.62 1.21 (0.97-1.51)
Aichi 7255 104 94 1.00 1.01 (0.82-1.23) 121 1.19 1.02 (0.85-1.22)
Mie 1867 35 34 1.40 1.23 (0.85-1.72) 41 1.57 1.15 (0.82-1.56)
Shiga 1380 6 5 0.28 0.28 (0.09-0.65) 24 1.24 1.04 (0.67-1.55)
Kyoto 2648 16 14 0.41 0.37 (0.20-0.63) 40 1.08 0.83 (0.59-1.13)
Osaka 8817 109 101 0.88 0.84 (0.68-1.02) 145 117 0.94 (0.80-1.11)
Hyogo 5591 61 54 0.74 0.68 (0.51-0.89) 112 1.43 1.10 (0.91-1.33)
Nara 1421 8 7 0.38 0.34 (0.14-0.70) 22 1.1 0.84 (0.53-1.27)
Wakayama 1036 6 6 0.45 0.36 (0.13-0.78) 14 0.97 0.65 (0.35-1.09)
Tottori 607 6 4 0.51 0.42 (0.11-1.07) 3 0.35 0.24 (0.05-0.70)
Shimane 742 23 21 2.18 1.66 (1.02-2.53) 28 2.69 1.68 (1.12-2.43)
Okayama 1957 32 30 1.18 1.01 (0.68-1.45) 28 1.02 0.73 (0.49-1.08)
Hiroshima 2877 46 41 1.10 0.98 (0.70-1.33) 51 1.27 0.95 (0.71-1.24)
Yamaguchi 1493 35 32 1.65 1.29 (0.88-1.82) 42 2.01 1.30 (0.94-1.76)
Tokushima 810 16 13 1.23 1.00 (0.53-1.70) 9 0.79 0.53 (0.26-1.01)
Kagawa 1012 16 14 1.06 0.89 (0.48-1.49) 20 1.41 0.98 (0.60-1.51)
Ehime 1468 26 25 1.31 1.07 (0.69-1.58) 28 1.36 0.92 (0.61-1.33)
Kochi 796 28 28 2.70 2.10 (1.39~3.04) 23 2.06 1.32 (0.83-1.97)
Fukuoka 5050 120 M 1.69 1.57 (1.30-1.90) 93 1.32 1.03 (0.83-1.26)
Saga 866 29 28 249 2.15 (1.43-3.12) 19 1.57 1.12 (0.68-1.75)
Nagasaki 1479 27 25 1.30 1.08 (0.70-1.60) 34 1.64 1.13 (0.78-1.59)
Kumamoto 1842 20 17 0.71 0.60 (0.35-0.95) 42 1.63 1.13 (0.81-1.52)
Oita 1210 27 26 1.65 1.34 (0.87-1.96) 26 1.54 1.02 (0.67-1.51)
Miyazaki 1153 14 13 0.87 0.72 (0.38-1.23) 22 1.36 0.94 (0.59-1.42)
Kagoshima 1753 32 29 1.27 1.04 (0.70-1.50) 39 1.59 1.07 (0.76-1.46)
Okinawa 1362 25 24 1.36 1.55 (1.00-2.32) 16 0.84 0.81 (0.47-1.32)
Unknown 30 1

Cl, confidence interval.
@Data from 2005 Census.
bPatients whose address was unknown were excluded.
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Different epidemiologic aspects from those of prion
diseases in European countries and North America®’ were
observed in Japan in the present study. The proportion of
patients with acquired CJD among all prion disease patients

J Epidemiol 2015;25(1):8-14

was high. Many of them developed CJD following cadaveric
dura mater transplantation.®'? Currently, we have data of
147 such cases, and detailed epidemiologic features will be
presented in another article. On the other hand, we observed
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Figure 4. Numbers of incident cases of and deaths from
prion diseases in Japan, 1999-2012

only a single case of acquired prion diseases other than dura-
related CID, which was a case of variant CJD in 2005.1314

Although there was no geographical clustering of
prefectures with high incidence rates or mortality rates,
some prefectures presented high rates. For example, both
incidence and mortality rates were high in Yamanashi
prefecture. There have been several articles about familial
clustering of prion diseases in this prefecture.!>™!* Of the 23
patients reported in Yamanashi, 57% (13 cases) had familial
CID, although only 15% of prion disease patients had familial
CID in Japan as a whole, as shown in Table 1.

The numbers of incident and fatal patients increased in
Japan during the last decade, as shown in Figure 4, although
no chronological changes in the number of patients with prion
diseases were observed in European countries.?” The increase
in number of fatal cases was reflected in the increase in
number of incident cases in our study. As shown in Figures 5
and 6, the increases in numbers of incident and fatal cases
were also reflected in the increased number of cases among
the elderly. This phenomenon might be due to the substantial
network of gene and spinal fluid analytic systems in Japan.

The Surveillance Committee has publicized the system not
only to neurologists but also to general physicians. A patient
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Figure 5. Annual incidence rates of prion diseases in
Japan by age
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Figure 6. Annual mortality rates of prion diseases in
Japan by age

with rapidly progressive dementia dying before diagnosis
might be diagnosed with a prion disease through these gene
and/or cerebrospinal fluid analyses. If a physician uses these
systems, the Surveillance Committee is automatically notified
of the existence of a potential patient, starts getting
information about the patient, and discusses whether or
not the patient has a prion disease. Further dissemination of
information about the analytic system might increase the rate
of identification of such patients, particularly among older
patients.

The number of gene analyses conducted at Tohoku
University increased from 132 cases in 1999 to 273 in
2012. Given that relatively young patients (ie, in their 40s or
50s) with rapidly progressing dementia are rare, such patients
are typically referred to specialists in dementia (including
prion diseases), so any issues with recognition have been
negligible. If knowledge of the gene and spinal fluid analyses
system is propagated to all physicians in this country, the issue
of recognition should be diminished even further, and the
chronological increase of the incidence rate should plateau.
However, despite this expected plateau in the near future, the
number of patients may still increase because of the growing
number of old people in Japan.

J Epidemiol 2015;25(1):8-14
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Selection bias and information bias may have affected this
study. The Surveillance Committee has made an effort to
obtain information for all patients with prion diseases in
Japan, but the database is not complete. Similar selection
bias may be present in the vital statistics data as well;
those with prion diseases whose deaths were attributed to
conditions other than prion diseases would not be counted
as prion disease deaths. Information bias may also exist on
the vital statistics data; we were unable to clarify the validity
of the diagnosis on death certificates, whereas diagnoses
obtained through the surveillance system were validated
by the Committee members, including neurologists and
neuropathologists. '

In conclusion, we showed here the epidemiologic features
of prion diseases in Japan. Increased recognition of prion
diseases may account for the observation of chronological
increases in the number of patients with prion diseases,
and the increasing trend of numbers of patients might soon
plateau.

ONLINE ONLY MATERIAL

Abstract in Japanese.
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Sequelae in 145 patients with drug-induced hypersensitivity
syndrome/drug reaction with eosinophilia and systemic
symptoms: Survey conducted by the Asian Research
Committee on Severe Cutaneous Adverse Reactions (ASCAR)
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ABSTRACT

Drug-induced hypersensitivity syndrome/drug reaction with eosinophilia and systemic symptoms (DIHS/DRESS) is
a severe adverse drug reaction caused by specific drug. It is characterized by visceral organ involvement and
reactivation of various human herpesviruses. Although sporadic reporis have documented certain conditions that
appear after the resolution of DIHS/DRESS, litile information is available on sequelae after resolution of DIHS/
DRESS in a large patient population. The Asian Research Commitiee on Severe Cutaneous Adverse Reactions,
comprised of doctors from Japan and Taiwan, conducted a survey on sequelae and deterioration of the underly-
ing disease in patients with DIHS/DRESS. This was achieved by directly interviewing patients who had been fol-
lowed-up by experts or through a questionnaire mailed to patients. Questions were asked about new onset
cardiovascular disease, collagen disease or autoimmune disease, gasirointestinal disease, renal disease, respira-
tory disease, neoplasms, and other diseases such as herpes zoster and diabetes mellitus, as well as deterioration
of the underlying disease. A total of 145 patients were analyzed in this study. The following newly developed dis-
eases after recovery from DIHS/DRESS were observed: Graves’ disease {n = 2), Hashimoto’s disease {n = 3}, pain-
less thyroiditis (n = 2), fulminant type 1 diabetes mellitus (n = 5), and infectious diseases {n = 7). Several DIHS/
DRESS patients with pre-exisiing renal dysfunction required lifelong hemodialysis. DIHS/DRESS is a condition that
increases the risk of new onset of disease. Long-term observation of DIHS/DRESS can provide an opporiunity to
investigate substantial diseases from onset to the full-blown stage. Patients with DIHS/DRESS require careful
long-term follow-up.

Key words: autoimmune thyroiditis, drug reaction with eosinophilia and systemic symptoms, drug-induced
hypersensitivity syndrome, fuliminant type 1 diabetes mellitus, Graves® disease, Hashimoto’s disease.
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INTRODUCTION

Drug-induced hypersensitivity syndrome/drug reaction with
eosinophilia and systemic symptoms (DIHS/DRESS) is a severe
adverse drug reaction caused by specific drugs such as anti-
convulsants and allopurinol. It is characterized by visceral
organ involvement and reactivation of various human herpesvi-
ruses (HHV)."® Sporadic reports have documented the
appearance of newly developed diseases after the resolution
of DIHS/DRESS, such as autoimmune thyroid disease,'®'®
type 1 diabetes mellitus,’*"" sclerodermoid graft-versus-host
disease-like lesions,'® and systemic lupus erythematosus.™ It
is likely that DIHS/DRESS is a risk factor for triggering new
onset of disease. The newly developed diseases could be rec-
ognized as sequelae of DIHS/DRESS. It is also likely that
DIHS/DRESS is a risk factor for deterioration of pre-existing
disease. However, little information is available on sequelae or
deterioration of the underlying disease after resolution of DIHS/
DRESS in a large patient population because of the difficulty of
long-term follow-up after clinical resolution of DIHS/DRESS
and the potential development of sequelae after a disease-free
period of several months to years.?>?" Despite this, it is impor-
tant to clarify the association of DIHS/DRESS with the develop-
ment of sequelae or deterioration of pre-existing disease. To
investigate the link between DIHS/DRESS and the develop-
ment of newly onset disease as suggested by previous reports,
we surveyed patients from a total of 14 institutions in Japan
and Taiwan, and analyzed the presence of sequelae and dete-
rioration of the underlying disease in patients with DIHS/
DRESS. Our findings suggest that late-onset complications,
characteristic sequelae, and deterioration of pre-existing dis-
ease occur in patients with DIHS/DRESS.

PATIENTS AND METHODS

Patients with DIHS/DRESS who were treated in institutions
belonging to the Japanese or the Taiwanese Research Com-
mittee on Severe Cutaneous Adverse Reaction (SCAR)
between 1998 and 2013 were eligible for this study. All patients
satisfied the diagnostic criteria for DIHS proposed by the Japa-
nese SCAR group and/or the criteria for DRESS proposed by
the international Registry of Severe Cutaneous Adverse Reac-
tions.22?® The criteria for DIHS were the presence of a high-
grade fever, widespread maculopapular and/or diffuse ery-
thematous eruption, lymphadenopathy, leukocytosis with atypi-
cal lymphocytosis and/or eosinophilia, liver dysfunction, and
HHV-6 reactivation. Because cases that satisfied the DIHS cri-
teria were recognized as either definite or probable according
to the Registry of Severe Cutaneous Adverse Reactions scor-
ing system for DRESS,?* DIHS and DRESS were recognized as
homogenous conditions. The period of observation and follow-
up of study patients was more than 6 months (range,
6 months-13 years; median, 4.9 years) after the onset of dis-
ease. There were a total of 215 DIHS/DRESS patients who
were treated in participating hospitals. In addition to direct
interviews conducted with the 44 patients who were regularly

© 2015 Japanese Dermatological Association
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followed-up, including those without overt clinical or laboratory
findings, a questionnaire was sent to 171 patients who were
not undergoing regular follow-up (Fig. 1). The questionnaire
asked about cardiovascular disease, collagen disease or auto-
immune disease, gastrointestinal di , ocular di , renal
disease, respiratory disease, tumor/cancer, and other diseases
such as herpes zoster and diabetes mellitus (Table 1).
Responses were obtained from a total of 158 patients. Patients
who had died before initiation of the survey were excluded.
This study was approved by the institutional review board of
each participating institution.

RESULTS

Patient characteristics

The questionnaire response rate was 66.7%. Of the 145 DIHS/
DRESS patients analyzed, 59 were men and 86 were
women. The mean age at onset of DIHS/DRESS was
51.0 + 18.8 years (range, 6-86 years). The culprit drugs were
allopurinol, anticonvulsants (e.g. carbamazepine, phenobarbi-
tal, phenytoin, and zonisamide), antibiotics, mexiletine, and
sulfa agents (e.g. diaphenylsulfone and salazosufapyridine).
The underlying diseases treated by the causative drugs were
arrhythmia, cerebral infarction, colitis, convulsion, encephalitis,
epilepsy, hyperuricemia, immunoglobulin A nephritis, lupus
erythematosus, neuralgia, psychiatric diseases, restless leg
syndrome, rheumatoid arthritis, tonsillitis, and vasculitis. In the
majority of patients, the culprit drug was discontinued when
drug eruption was suspected. The causative drug was identi-
fied by the clinical course or using the lymphocyte transforma-
tion test and/or patch test. Most patients were treated by
systemic corticosteroids, but some patients were managed
with supportive therapy alone for dehydration. A 4-8-week
treatment of oral corticosteroids was required to achieve com-
plete resolution. In three patients, methylprednisolone pulse
therapy (1000 mg/day for 3 days) was administered. One
patient received plasmapheresis because of recurrence after
systemic corticosteroid treatment. Cyclosporine was given to
one patient. Some patients received topical corticosteroids for
symptomatic relief.

Outcomes after DIHS/DRESS

Various newly developed diseases were documented after the
resolution of DIHS/DRESS, including thyroid diseases, diabetes
mellitus, herpes zoster, drug eruption, arthritis, pneumonia,
thrombotic infarction, alopecia, systemic lupus erythematosus,
and vitiligo (Table 2). Among these diseases, thyroid disease
was the most frequent sequela in the present study. Seven of
the 145 patients developed autoimmune thyroiditis after the
onset of DIHS/DRESS. In patients with autoimmune thyroiditis,
two had Graves’ disease, three had Hashimoto’s disease, and
two had painless thyroiditis. Two patients had thyroid dysfunc-
tion without antithyroid antibodies. The age at onset of DIHS/
DRESS was markedly younger in patients with Graves’ disease
{mean age, 30.0 years) than those with Hashimoto’s disease
(mean age, 67.0 years) and painless thyroiditis (mean age,
61.5 years). Five patients were women. Clinical manifestations
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ASCAR
(n=215)
Interview survey Questionnaire survey
(n=44) (n=171)
Respondents
(n= 114)
JSCAR Enrolled cases TSCAR
n=91) (n = 158) (n=167)
Death .| Death
(n=4) (n=9)
JSCAR TSCAR
(n =87, M39:F48) (n =58, M20:F'38)

Analyzed cases
(n=145)

Figure 1. Patient flow diagram. ASCAR, Asian Research Com-
mittee on Severe Cutaneous Adverse Reaction; JSCAR, Japa-
nese Research Commitiee on Severe Cutaneous Adverse
Reaction; TSCAR, Taiwanese Research Committee on Severe
Cutaneous Adverse Reaction.

that led to suspicion of autoimmune thyroiditis were alopecia,
palpitation, and hand tremor in two patients with Graves’ dis-
ease, and general fatigue in one patient with Hashimoto’s dis-
ease. In the other two patients with Hashimoto’s disease, the
diagnosis was based on the results of follow-up laboratory
examinations in the absence of overt clinical symptoms. In two
patients with thyroid dysfunction alone, autoantibodies such as
rheumatoid factor and antinuclear antibodies (ANA) were
detected. The interval between onset of DIHS/DRESS and the
appearance of autoimmune thyroiditis was 2 months to 3 years
(Fig. 2).

Besides autoimmune thyroiditis, other autoimmune diseases
and conditions such as alopecia, arthritis, systemic lupus ery-
thematosus, and vitiigo were detected. Rheumatoid arthritis
appeared with characteristic deformity of the joint more than
10 years after the onset of DIHS/DRESS, which had been man-
aged with supportive therapy alone, and there was no family
history of autoimmune disease. Vitiligo appeared in a female
patient 4.5 months after the onset of DIHS/DRESS. In this
patient, systemic corticosteroids had been given for DIHS/
DRESS, but recurrence occurred after tapering the corticoster-
oids. Therefore, in addition to corticosteroids, cyclosporine
was added.

Fulminant type 1 diabetes mellitus (FT1D) is a major concern
during the follow-up of DIHS/DRESS because the abrupt onset

278

Table 1. Interview questionnaire
Do you suffer from following diseases? Have you suffered from following diseases?
1. Ocular disease
I No
3 Yes: Please tell the name of disease.

(Relation to the drug eruption:{1Possible/{1No )

2. Respiratory discase
1 No
£ Yes: Please tell the name of discase.

(Relation to the drug eruption: [Possible/[1No )

3. Renal discase
J No
£1 Yes: Please tell the name of discase.

(Relation to the drug eruption:C1Possible/(TNo )

4. Gastrointestinal disease
7 No

{J Yes: Please tell the name of disease.

(Relation to the drug cruption:[JPossible/TINo )

5. Cardiovascular disease
3 No

{J Yes: Please tell the name of disease.

(Relation to the drug eruption;{JPossible/{INo )

6. Collagen disease (Ex. Lupus erythematosus)
] No
[} Yes: Please tell the name of discase.

(Relation to the drug eruption:[1Possible /C1No )

7. Tumor/Cancer (Ex. Lymphoma, gastric cancer )

0 No

[ Yes: Please tell the name of discase.

(Relation to the drug cruption:[1Possible/[1No )

8. Other diseases
[J Herpes zoster

Thyroid discase

Drug eruption (Please tell the causative drug.

0
1 Type 1 diabetes mellitus/Type 2 diabetes mellitus
[
]

Others

of FT1D requires prompt intervention. In five patients with
FT1D, the mean age at onset of DIHS/DRESS was 56.6 years
(range, 21.0-84.0 years). No gender difference in the develop-
ment of FT1D was observed in this study. FT1D developed
within 2 months after the onset of DIHS/DRESS in all patients.
The average interval between onset of DIHS/DRESS and the
emergence of FT1D was 42.0 days (Fig. 3). Of these five
patients, one was positive for anti-insulinoma-associated
protein-2. Prompt intervention was initiated in all patients after
the diagnosis of FT1D; therefore, no patients died from FT1D.

© 2015 Japanese Dermatological Association
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Table 2. Newly developed disease

Sequelae of DIHS/DRESS

Newly developed disease Number of patients  Age or mean age {years) Interval’ Published cases
Autoimmune thyroiditis
Graves’ disease 2 (M1:F1) 30.0 2m,9m Chen et al.?°
Hashimoto’s thyroiditis 3 (F) 67.0 6 m-3 yr Ushigome et al.?!
Painless thyroid disease 2 (M1:F1) 61.5 2m,2vyr
Thyroid dysfunction’™ 2 (R 53.0 1m, NA
DM
Fulminant type 1 DM 5 (M3:F2) 56.6 1-2m Chiou et al.'®, Chen et al.2%
Type 2 DM 1(F 64 3m
Herpes zoster 5 (M3:F2) 50.6 2 m-3yr Ushigome et al.?!, Kano et al.?®
Drug eruption 4 (M2:F2) 60.5 2-6 yr Ushigome et al.*"
Arthritis
Reactive arthritis 1(F) 63 3m Morito et al.®s
Rheumatoid arthritis 1(F) ’ 48 10 yr
Arthralgia 1(F) 67 1m
Pneumonia 2 (M) 70.5 8m, 1.5yr Ushigome et al.?!
Thrombotic infarction® 2 (M) 63.5 2m Hashizume et al.?”
Alopecia® 1(F) 45 4m Ushigome et al.?!
Systemic lupus erythematosus™ 1 (M) 36 3.5 yr Aota et al."®
Vitiligo 1(F) 45 45m

"Between the onset of drug-induced hypersensitivity syndrome/drug reaction with eosinophilia and systemic symptoms, and the detection of newly
developed diseases. *Inferior vena cava and cerebral blood vessel, respectively. *No thyroid disease. "After the onset of subacute necrotizing lymph-
adenitis. TThyroid dysfunction cannot be included as autoimmune thyroiditis because it may develop as a prior condition. Therefore, this is in paren-
theses.DM, diabetes mellitus; F, female; M, male; m, month; NA, not available; yr, year.

B Gravey disesse
’ "
% % 1 Hashimoto’s thyroiditis
Painless thyreiditis
4
H H H
] [ [}
P P
l T 1 T T
Onset of 6 month 1 year 2years 3 years 4 years

DINS/BRESS

Figure 2. Detection of autoimmune thyroiditis. DIHS/DRESS,
drug-induced hypersensitivity syndrome/drug reaction with
eosinophilia and systemic symptoms; G, Graves’ disease; H,
Hashimoto’s thyroiditis; P, painless thyroiditis; "Reported by
Chen et al.?° ‘Reported by Ushigome et al.?!

In most patients, DIHS/DRESS was treated with systemic corti-
costeroids.

Several manifestations related to viral reactivations were
detected in this study. Herpes zoster appeared in five patients.
Herpes zoster lesions developed within 3.5 months after the
onset of DIHS/DRESS in three of the five patients; they devel-
oped 3 years after onset in one patient; and the interval was
unclear in the other. Infarction in a cerebral lesion and a limb
was documented in one patient each approximately 2 months
after the onset of DIHS/DRESS. Both patients were diagnosed
with thrombotic infarction, and cytomegalovirus reactivation
was detected in this period in both. Pneumonia was detected
in two patients, and the infectious agent was Cryptococcus in
one patient and undetermined in the other. Some of the cases

© 2015 Japanese Dermatological Association
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Figure 3. Onset of fulminant type 1 diabetes mellitus. DIHS/
DRESS, drug-induced hypersensitivity syndrome/drug reaction
with eosinophilia and systemic symptoms. Anti-insulinoma-
associated protein-2 was detected. ‘Reported by Chiou et al.'®
SReported by Chen et al.?°

described above have been previously described elsewhere.'®"
21,25-27

Alterations in the underlying disease were observed as a
result of the commencement of hemodialysis (HD) in patients
with renal disease, autoimmune hemolytic anemia in a patient
with systemic lupus erythematosus, and resolution of restless
leg syndrome. With respect to deterioration of the underlying
disease, four patients with renal disease required lifelong HD.
The mean age at onset of DIHS/DRESS in these four patients
was 55.0 years (range, 24.0-79.0 years). The causative drugs
of DIHS/DRESS were allopurinol (n = 2) and diaphenylsulfone
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(n = 1); the causative drug was unknown in one patient. The
interval between the onset of DIHS/DRESS and commence-
ment of HD ranged from 0.5 month to 5 years. Even a young
patient with immunoglobulin A nephritis developed irreversible
renal insufficiency after DIHS/DRESS. Autoimmune hemolytic
anemia occurred in a patient with systemic lupus erythemato-
sus. Surprisingly, the recalcitrant symptoms of restless leg syn-
drome disappeared 3 months after the onset of DIHS/DRESS;
DIHS/DRESS had been managed with supportive therapy
alone in this patient (Table 3).

DISCUSSION

The development of sequelae such as autoimmune thyroiditis
and FT1D after several months or years has been described in
many reports.'®'7 However, previous similar studies with a
small sample size may have been affected by sampling bias
and thus might not be representative of the outcome of DIHS/
DRESS. In this study, the relatively larger number of patients
from 14 institutions in two countries provided findings that are
more reliable than those of previous reports. In addition, DIHS/
DRESS was diagnosed by experts on drug reactions in this
study. Therefore, the evaluation of patients was accurate. The
present study revealed that DIHS/DRESS could lead to the
occurrence of various sequelae, many of which may have been
overlooked had the follow-up survey of patients not been per-
formed by dermatologists and other experts. However, this
survey does have a limitation: patients who have a newly
developed disease or who have manifested clinical symptoms
tend to respond to this kind of medical questionnaire. Further-
more, the follow-up intervals of each patient were not defined
in order to obtain short- and long-term sequelae. Therefore,
the diverse differences in observation periods among patients
precluded comparisons between incidences of newly devel-
oped diseases in this survey and those in the general popula-
tion. In addition, family history, detailed laboratory analysis and
viral reactivation, and detailed treatment were not analyzed.

In this study, various newly developed diseases after DIHS/
DRESS were documented. They include autoimmune diseases
and autoimmune-related diseases, FT1D, and infectious dis-

Table 3. Alteration of underlying disease

eases. With regard to autoimmune diseases, six patients (four
from Japan and two from Taiwan) developed autoimmune dis-
eases, such as autoimmune thyroiditis, reactive arthritis, and
systemic lupus erythematosus, after recovery from DIHS/
DRESS;'"?"2% these patients were included in the present
study. In this survey, autoimmune thyroiditis, including Graves’
disease, Hashimoto’s disease and painless thyroiditis, was the
most common disease after recovery from DIHS/DRESS, with
a prevalence of 4.8% (7/145). Together with previous stud-
ies,'0"18 the present results suggest an association between
DIHS/DRESS and the appearance of autoimmune thyroiditis. A
female predominance in patients with autoimmune thyroiditis
after DIHS/DRESS was similar to that observed in the general
population. Graves’ disease was detected in patients who were
younger than those with other autcimmune thyroid diseases
such as Hashimoto’s disease and painless thyroiditis, a trend
similar to that observed in the general population. The interval
between the onset of DIHS/DRESS and autoimmune thyroiditis
ranged from 2 months to 2 years. In view of our previous study
showing that autoantibodies such as antithyroid peroxidase
and antithyroglobulin antibodies were detected without any
clinical manifestations of thyroiditis after the clinical resolution
of DIMHS/DRESS,?! it is likely that the production of antithyroid
antibodies might precede the clinical appearance of autoimmune
thyroiditis in patients with DIHS/DRESS. Considering that auto-
immune thyroiditis, in particular Hashimoto’s disease, has been
frequently linked to genetic background, family history should
have been examined in this survey.

Brown et al. documented the coexistence of autoimmune
thyroiditis and autoimmune FT1D in a patient with DRESS. In
this case, various autoantibodies, including anti-glutamic acid
decarboxylase, antithyroid peroxidase, antithyroglobulin, ANA,
and anti-Sjégren’s syndrome A, were detected.'’ Therefore,
the possibility of overlapping autoimmune diseases was raised.
In addition, a recent report described the concurrent develop-
ment of FT1D and Hashimoto’s disease at the onset of DIHS/
DRESS, characterized by the presence of antithyroglobulin
antibodies, ANA, and anti-Sjogren’s syndrome A antibodies
with the absence of glutamic acid decarboxylase and islet cell
antibodies.?® In the present study, a case of rheumatoid arthri-

Age or mean

Alteration of underlying disease Underlying disease Number of patient (M:F) age (years) Interval® Published cases
Onset
Autoimmune hemolytic SLE 1(F) 35 2m Chen et al.?°
anemia
Deterioration
Induction of hemodialysis CRI 2 (M1:F1) 65.5 0.5m, 2.5 yr Chen et al.?°
IgA nephritis 1 (M) 24 5yr
Renal disease 1A 65 1yr
Resolution
Symptoms Restless leg syndrome 1 (M) 72 3m

"Between the onset of drug-induced hypersensitivity syndrome/drug reaction with eosinophilia and systemic symptoms, and alteration of underlying
disease. CRI, chronic renal insufficiency; IgA, immunoglobulin A; m, month; SLE, systemic lupus erythematosus; yr, year.
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tis was seen. In this patient, the appearance of autoimmune
antibodies, such as antithyroid peroxidase, antithyroglobulin
antibodies, and ANA, was observed without any clinical symp-
toms 3 years after the onset of DIHS/DRESS, and bone defor-
mity developed 10 years later, after the disappearance of
these antithyroid antibodies. These findings indicate that sev-
eral autoimmune diseases can occur concurrently or sequen-
tially in patients with DIHS/DRESS.

It is unclear why autoimmune diseases develop in patients
with DIHS/DRESS. Considering the viral involvement in the
development of autoimmune diseases, several articles have
reported that herpesvirus infections might contribute to the
occurrence of autoimmune thyroiditis. Descamps suggested a
possible association between HHV-6 reactivation and autoim-
mune thyroid disease because the presence of HHV-6 in the
thyroid was significantly higher in Hashimoto’s thyroiditis than
in controls.2° Based on the observed discrepancy between the
viral reactivation period and the onset of autoimmune thyroid-
itis, the host immune response may also play a pivotal role in
the appearance of autoimmune thyroid disease. From an
immunological perspective, our previous study showed that the
number of fully functional CD4*CD25"FoxP3* regulatory T
(Treg) cells is markedly increased in the acute stage of DIHS/
DRESS compared with other drug reactions, which contributed
to viral reactivation. These Treg cells lost their ability to inhibit
cytokine production and proliferation of effector T cells, which
coincided with their contraction upon clinical resolution of
DIHS/DRESS.*3%%! This functional defect of Treg cells might
be responsible for the emergence of autoimmunity. In addition,
it is likely that drug eruption in four patients after recovery from
DIHS/DRESS might be associated with this functional defect of
Treg cells.

FT1D is a subtype of diabetes mellitus characterized by an
abrupt onset, absence of islet-related autoantibodies, and
nearly complete destruction of pancreatic f-cells. FT1D and
autoimmune type 1 diabetes mellitus have been linked to
DIHS/DRESS."""*'7 In particular, many articles reported that
FT1D can occur in association with DIHS/DRESS.'" 1417
Although one patient had islet cell antibodies in the present
study, all diagnosed cases had features that were compatible
with FT1D. In this current survey, the prevalence of FT1D was
3.45% (5/145). Previous reports and our present results
strongly suggest that DIHS/DRESS could trigger the develop-
ment of FT1D. The mean interval between the onset of DIHS/
DRESS and FT1D was 42.0 days in the present study. This
interval was comparable with the finding of an interval of
39.9 days in a previous article.” Although we are unable to
provide a satisfactory explanation for the development of
FT1D, a strong association between HLA-B62 and FT1D in
Japanese patients with mexiletine-induced DIHS/DRESS has
been demonstrated.!” Based on this finding, it is worthwhile to
investigate the contribution of genetic susceptibility to the
development of FT1D on a large scale, including in Taiwanese
patients with DIHS/DRESS. Factors that predict the develop-
ment of FT1D were not found in this study.

Infectious diseases such as herpes zoster and cryptococcal
pneumonia were observed after the resolution of DIHS/

© 2015 Japanese Dermatological Association
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DRESS.2"?6 Accumulating evidence suggests that various her-
pesviruses reactivate during the course of DIHS/DRESS, but
varicella zoster virus reactivations have rarely been reported
during the course of the disease. Because herpes zoster is fre-
quently observed without any relationship to the underlying dis-
ease, it is very difficult to determine whether there is any
association between herpes zoster and the preceding DIHS/
DRESS. However, considering that two patients developed
herpes zoster after dose reduction of systemic corticoster-
oids,?® herpes zoster is likely one of the manifestations of
immune reconstruction inflammatory syndrome in the setting of
DIHS/DRESS.*? The occurrence of cryptococcal pneumonia
might also be regarded as a manifestation of the immune
reconstruction syndrome in this setting. Interestingly, two
patients had thrombotic infarction at the same time, approxi-
mately 2 months after the onset of DIHS/DRESS.?” Given that
reactivation of cytomegalovirus was detected at this time and
the characteristic intranuclear inclusion body of cytomegalovi-
rus is frequently observed in endothelial cells,® it is likely that
the onset of thrombotic disease in the two patients was not
coincidental but might have been caused by cytomegalovirus
reactivation. It seems that these conditions might have been
overlooked in previous cases of DIHS/DRESS.

Four patients with pre-existing renal dysfunction due to
chronic renal insufficiency and immunoglobulin A nephritis
required HD within 5 years after the onset of DIHS/DRESS.
Although it is extremely difficult to determine whether deterio-
ration was related to the prior occurrence of DIHS/DRESS,
DIHS/DRESS could increase the risk of progression to renal
failure in the setting of prior renal function disturbance. Further
special attention needs to be given to this possibility.

In conclusion, our results indicate that DIHS/DRESS might
contribute to the new onset of diseases after recovery from
DIHS/DRESS. DIHS/DRESS is a condition that provides an
invaluable opportunity to observe newly developed disease
from their initiation to the full-blown stage. Patients with DIHS/
DRESS require careful long-term follow-up.
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ABSTRACT

The Committee for Guidelines for the Management of Pemphigus was organized as one element of the Japanese
Dermatological Association (JDA) and the Ministry of Health, Labour, and Welfare (MHLW) Research Project on
Measures for Research Commitiee for Intractable Skin Disease. Pemphigus has been defined as a group of
intractable autoimmune blistering diseases caused by anti-desmoglein 1 and/or anti-desmoglein 3 IgG autoanti-
bodies by the MHLW. The diagnosis of this condition and the criteria for assessing its severity are based on
suggestions from the MHLW Research Group. The clinical practice guidelines presented here are those that
are currently recommended in Japan. However, symptoms and complications can vary widely among individual
pemphigus patients, so not all therapies will be required to be in complete agreement with these guidelines.

Epidemiology
According to the Ministry of Health, Labor and Welfare (MHLW)

Key words: autoantibody, desmoglein, diagnosis, therapy.
INTRODUCTION
Definitions

Pemphigus is defined as a group of autoimmune blistering
diseases that cause lesions in the skin and mucous mem-
branes. From a histopathological perspective, the epidermis
undergoes acantholysis, in which the cell-cell adhesion
between adjacent keratinocytes are impaired, resulting in the
formation of blisters. From an immunological perspective,
pemphigus is characterized by the in vivo deposition of immu-
noglobulin (Ig)G on cell surfaces of keratinocytes in the epider-
mis, or of the detection of such autoantibodies in the
circulation. The pemphigus antigen is desmoglein (Dsg), a
cadherin-type cell-cell adhesion molecule found in desmo-
somes.

Pemphigus can be broadly classified into three major
forms: (i) pemphigus vulgaris; (i) pemphigus foliaceus; and (jii)
others. The other known forms include paraneoplastic
pemphigus; pemphigus vegetans, which is a subtype of
pemphigus vulgaris; pemphigus erythematosus or
Senear-Usher syndrome, which is a subtype of pemphigus
foliaceus;  herpetiform  pemphigus; and  drug-induced
pemphigus.

Research Project on Measures for Intractable Diseases, appli-
cations for public financial aid for treatment were received from
3504 pemphigus patients in 2004 and 4085 pemphigus
patients in 2007. The MHLW has a registration system of
intractable diseases including pemphigus. We obtained the
2004 clinical database from the MHLW, which contained 2503
patients with pemphigus (input rate, 71%).

The sex ratio of the patients (male : female) was 1:1.5, mak-
ing the condition slightly more common in women. The disease
most frequently afflicted patients in the 60-69-year age group.
Disease onset of pemphigus was peak in those aged 50-
59 years. The most common disease type was pemphigus
vulgaris (65%), followed by pemphigus foliaceus (23%),
pemphigus erythematosus (6%), pemphigus vegetans (2%)
and unknown disease type (4%). These conditions were classi-
fied as mild (74%), moderate (20.4%) or severe (5.0%), using
Severity Criteria | from the MHLW Research Group for Rare
Intractable Skin Diseases (Table 2). New applicants made up
10% of all applicants, and the ratio of relatively severe cases
was higher among these new applicants (mild, 34.2%; moder-
ate, 45.2%; severe, 20.6%) than among all patients.
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Pathophysiology

The basic pathophysiology of blister formation in pemphigus is
the inhibition of adhesive function of Dsg by IgG autoantibod-
ies, which leads to the loss of cell-cell adhesion of keratino-
cytes with resultant blister formation. The pemphigus vulgaris
antigen is Dsg3, and the pemphigus foliaceus antigen is Dsg1.
Pemphigus vulgaris can be further classified as mucosal-domi-
nant or mucocutaneous. Ordinarily, only anti-Dsg3 IgG antibod-
ies are detected in mucosal-dominant pemphigus vulgaris,
while both anti-Dsg3 and anti-Dsgl IgG antibodies are
detected in mucocutaneous pemphigus vulgaris. Only anti-
Dsgl 1gG antibedies are detected in pemphigus foliaceus,

The diversity of blister formation sites in pemphigus is
explained by the Dsg compensation theory, which suggests
that intercellular adhesion is compensated when two or more
types of Dsg isoform are expressed in the same cell. Within
the epidermis, Dsg3 is strongly expressed in the lower epider-
mis, and particularly in the basal and parabasal cell layers.
Dsgl is expressed in all layers of the epidermis, and particu-
larly strongly expressed in the upper layers. However, within
the oral mucosa or esophagus Dsg3 is strongly expressed in
the whole epithelial layer and Dsgl is weakly expressed in all
layers except for the basal cell layer. In pemphigus foliaceus,
where only anti-Dsg1 IgG antibody is found in the serum, in
the skin, blisters are induced in the upper layer of the epider-
mis where there is no Dsg3-mediated compensation for the
adhesive function. However, Dsg3 is strongly expressed in all
layers of the mucosa, so Dsg3 compensates for the Dsgl
interference with the adhesion function. As a result, no appar-
ent erosions develop in oral mucosa. In mucosal-dominant
pemphigus vulgaris, where only anti-Dsg3 antibodies are found
in the serum, Dsg1 is expressed in all layers of the epidermis.
Thus, Dsgl compensates for antibody-mediated inhibition of
the Dsg3 adhesion function. Blisters do not form, or they form
only locally in the skin. In oral mucosa, in contrast, Dsg1 is
expressed in low levels and cannot compensate for the lost
Dsg3 adhesion function, so erosions are formed. Similarly, in
cases of mucocutaneous pemphigus vulgaris, the serum con-
tains anti-Dsg1 antibody as well as anti-Dsg3 antibody, so
function is inhibited both for Dsg3 and for Dsg1. In this condi-
tion, blisters and erosions can develop extensively in both the
skin and the mucosa.

Regarding the mechanisms of blister formation in pemphi-
gus, at least two theories are well accepted. One is the direct
inhibition of Dsg adhesion or steric hindrance by IgG autoanti-
bodies. The other is the involvement of intracellular signal
transduction induced by IgG binding to Dsg. Phosphorylation
of Dsg or anchoring proteins causes Dsg internalization into
the cells from the surface of the cell membranes, which leads
to reduced levels of Dsg on the cell membrane.

Paraneoplastic pemphigus is an autoimmune skin condition
in which 1gG autoantibodies to Dsg and plakin molecules are
present. This disease is associated with a malignant or benign
neoplasm (generally, a lymphoproliferative disorder) that is
characterized by serious mucosal lesions, primarily erosive,
and a variety of skin lesions. Characteristically, not only
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humoral immunity but also cellular immunity is involved in dam-
age to the mucosal epithelium as well as to the skin.

Clinical symptoms and histopathological findings

Pemphigus vulgaris. This is the most common form of pem-
phigus. The most characteristic clinical findings in pemphigus
vulgaris are painful refractory erosions and ulcers in the oral
mucosa. Initial symptoms generally involve the oral mucosa,
and in severe cases can lead to insufficient food intake. In
addition to the oral mucosa, this form of pemphigus can also
affect the stratified squamous epithelium in areas such as the
lips, pharynx, larynx, esophagus, eyelid conjunctiva and
vagina. In approximately half of patients, the condition is not
limited to the oral mucosa, but also involves the skin, with the
development of flaccid bullae and erosions. The blisters rup-
ture easily, and produce erosion of the overlying epidermis that
is attached to the perimeter of the blister. Such erosions are
often painful, and adjoining erosions tend to coalesce to form
a large eroded surface. The most frequent sites for blistering
are the head, axilla, inguinal area, upper back and buttocks,
where pressure is applied, and this condition spreads readily.
Even in areas that appear normal, if pressure is applied, the
skin may be detached to reveal erosion (Nikolsky’s sign). Pem-
phigus vulgaris can be divided into two categories based on
the clinical symptoms: () mucosal-dominant type in which
mucosal lesions are the primary symptom, and skin blisters
and erosions may be localized if present; and (i) mucocutane-
ous cases in which there is widespread involvement of both
the mucous membrane and the skin.

Biopsy specimens should be obtained from new vesicles or
margins of vesicles. The cell-cell adhesion of keratinocytes is
lost, and the blister formation is seen between basal and para-
basal layers as suprabasilar acantholysis. Within the vesicles,
acantholytic cells can be seen. The attachment is damaged
between the basal cells and their neighboring cells, but the
connection to the basement membrane is retained, resulting in
what is termed a “row of tombstones” appearance.

Pemphigus foliaceus. Clinically, this condition is characterized
by scaly crusted erosion, often on an erythematous base on
the skin. The erythema is most commonly seen as small red
spots, up to the size of a fingernail plate. Rarely, the erythema
extends over a large local area and becomes erythroderma.
Seborrheic regions such as the head, face, chest and back are
most frequently affected. Pemphigus foliaceus almost never
produces mucosal lesions in areas such as the oral cavity.
Nikolsky’s sign can aiso be detected.

The cell-cell adhesion of keratinocytes is lost, and blister
formation can be noted in the upper layer of the epidermis,
from the subcorneal layer to the granular layer. Blisters must
be checked carefully, because the acantholytic cells are not
numerous within the blisters, and can be easily missed.

Paraneoplastic pemphigus. The most common clinical symp-
tom of this condition is the presence of refractory
lesions within the oral cavity. Paraneoplastic pemphigus is
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