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Clinical characteristics
and treatment of elderly onset
adult-onset Still’s disease
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Adult-onset Still's disease (AOSD)—a systemic inflammatory disease—often occurs at a young

age. Recently, elderly onset patient proportion has been increasing; however, data are limited. To
evaluate the characteristics of elderly patients with AOSD in a multicenter cohort, we retrospectively
analyzed 62 patients with AOSD at five hospitals during April 2008-December 2020. Patients were
divided into two groups according to age at disease onset: younger-onset (< 64 years) and elderly
onset (= 65 years). Clinical symptoms, complications, laboratory findings, treatment, and outcomes
were compared. Twenty-six (41.9%) patients developed AOSD at age = 65 years. The elderly onset
group had a lower frequency of sore throat (53.8% vs. 86.1%), higher frequency of pleuritis (46.2% vs.
16.7%), and higher complication rates of disseminated intravascular coagulation (30.8% vs. 8.3%) and
macrophage activation syndrome (19.2% vs. 2.8%) than the younger onset group. Cytomegalovirus
infections were frequent in elderly onset patients (38.5% vs. 13.9%) but decreased with early
glucocorticoid dose reduction and increased immunosuppressant and tocilizumab use. Elderly AOSD is
not uncommon; these patients have different characteristics than younger-onset patients. Devising a
way to control disease activity quickly while managing infections may be an important goal in elderly
AOSD.

Adult-onset Still’s disease (AOSD) is a systemic inflammatory disease characterized by spiking fever, transient
rash, and polyarthritis'?. Patients with AOSD have various symptoms, such as pharyngitis, lymphadenopathy, and
serositis, and often develop complications, such as disseminated intravascular coagulation (DIC), macrophage
activation syndrome (MAS), and amyloidosis. AOSD has aspects of an autoinflammatory disease in which innate
immunity is predominant and is characterized by neutrophil and macrophage activation®. Increased levels of
inflammatory cytokines, including interleukin (IL)-1{, IL-18, and IL-6 and increased expression of interferon-y
in natural killer cells has been reported in the acute phase of AOSD?. Both genetic and environmental factors,
including various infections, are suggested to be associated with the disease onset®; however, the etiology of this
disease remains unclear.

AOSD mainly affects young people. The age of disease onset is a bimodal peak at ages 15-25 and 36-46 years”®.
In Japan, the proportion of patients with elderly onset AOSD was 0-4.9% before 2000”°. Two studies approxi-
mately 10 years ago revealed an elevated mean age of disease onset'"'?, and the number of reports of patients
with elderly onset AOSD has been gradually increasing'>'%; however, information regarding the clinical features
or treatment of these patients is lacking. With the aging of the population, characteristics of patients with an
elderly onset have been reported in various inflammatory diseases involving innate immunity'*>-'’. The number
of elderly onset patients may also increase in AOSD. The treatment of AOSD have been progressed recently, and
immunosuppressants, including methotrexate or cyclosporine and targeting therapy, such as IL-1 or IL-6 inhibi-
tors, are available in addition to glucocorticoids (GCs)'®. However, various adverse effects, including infections,
easily occur in elderly patients and therefore require proper treatment. Japan has one of the highest aging rates
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worldwide, and this trend is even stronger in regional cities. Understanding the characteristics of patients with
elderly onset AOSD is essential for appropriate management.

This study aimed to examine the clinical characteristics and treatment status of patients with elderly onset
AOSD using a multicenter cohort.

Materials and methods
Patients. We retrospectively analyzed the clinical features and treatment of 62 adult patients with AOSD
who were diagnosed between April 2008 and December 2020 at five hospitals in Nagano prefecture (Shin-
shu University, Saku Central Hospital, Nagano Red Cross Hospital, Shinonoi General Hospital, and Japanese
Red Cross Society Suwa Hospital). AOSD was diagnosed by plural rheumatologists according to Yamaguchi’s
criteria'®. Patients diagnosed with infection, malignancy, or other rheumatic diseases were excluded. Patients
were divided into two groups based on the age at disease onset, the younger-onset group (<65 years) and the
elderly onset group (=65 years). Demographic data, such as age, sex, interval between onset and treatment,
comorbidities, and clinical findings, such as symptoms, organ involvement, severity, complications, and labo-
ratory data at diagnosis were examined. In addition, contents of treatments, infections during treatment, and
outcomes were also examined. Regarding treatment, the number of patients received each treatment, detailed
information of GCs, such as the maximum dose, the number of pulse therapy, the time until the dosage is halved,
and the trends in the treatment status over time were investigated. Disease severity was evaluated using the
Pouchot’s systemic score?’. MAS was diagnosed based on the diagnostic guidelines for hemophagocytic lympho-
histiocytosis-2004%! or the criteria for autoimmune-associated hemophagocytic syndrome??. Infections during
treatment were defined as those requiring prolonged hospitalization or readmission. Relapse was defined as the
condition of being in remission but worsened again and required intensified treatment.

This study was approved by the Institutional Review Board (No. 4529) of the Shinshu University School of
Medicine, Matsumoto, Japan. All methods were carried out in accordance with relevant guidelines and regula-
tions. Informed consent was obtained from all participants.

Statistical analysis. Differences among categorical variables were analyzed using the Chi-squared test.
Continuous variables were evaluated using Student’s ¢-test or the Mann-Whitney U test. Statistical significance
in all analyses was set at p <0.05. Values are expressed as mean * standard deviation or median with interquartile
range.

Compliance with ethical standards. This study was performed in line with the principles of the Declara-
tion of Helsinki. This study was approved by the Institutional Review Board (No. 4529) of the Shinshu University
School of Medicine, Matsumoto, Japan. Informed consent was obtained from all the participants.

Results

A total of 62 patients (42 women and 20 men) were included. The mean age at onset was 57.1+17.6 years.
According to the age at disease onset, 36 (58.1%) and 26 (41.9%) patients were classified into the younger-onset
and elderly onset groups, respectively. The distribution of age at disease onset is shown in Fig. 1. The frequency
of elderly onset AOSD was higher in female patients than in male patients (45.2% vs. 35%), although the differ-
ence was not significant.

Comparisons of the demographic, clinical, and laboratory findings between the two groups are summarized
in Table 1. The male-to-female ratio and the interval between onset and treatment were not significantly different
in both groups. The proportion of patients with comorbidities was higher in the elderly onset group than the
younger-onset group. Comorbidities in the elderly onset group were as follows: hypertension (n=8), dyslipidemia
(n=5), diabetes mellitus (n=4), atrial fibrillation (n=2), and bronchial asthma, pulmonary emphysema, angina
pectoris, and osteoporosis (n=1) (there was some overlapping). Meanwhile, comorbidities in the younger-
onset group were as follows; hypertension (n=3), and dyslipidemia, Crohn’s disease, psoriasis vulgaris, bipolar
disorder, depression, and pregnancy (n=1). Compared to the younger-onset group, the percentage of patients
with sore throat was significantly lower, and that of pleuritis was significantly higher in the elderly onset group.
In contrast, the disease severity (Pouchot’s score) and percentage of patients with fever, arthralgia, skin rash,
lymphadenopathy, splenomegaly, pericarditis, interstitial pneumonitis, abdominal pain, and myalgia were not
significantly different in both groups. Regarding complications, patients in the elderly onset group were signifi-
cantly more likely to have DIC and MAS than those in the younger-onset group. Regarding laboratory findings,
the hemoglobin level was significantly lower, and C-reactive protein level was significantly higher in patients
with elderly onset AOSD than in patients with younger-onset AOSD. Although not significant, patients in the
elderly onset group tended to have a higher neutrophil ratio, erythrocyte sedimentation rate, and ferritin levels
than those in the younger-onset group. Positivity rates for rheumatoid factor and anti-nuclear antibody were
comparable to previous studies'"" and did not differ in both groups.

The treatment and outcomes of the patients are shown in Table 2. Regarding the treatment with glucocorti-
coids (GCs), there were no significant differences in both groups in terms of the maximum dose, pulse therapy
administration, and time until the GC dose was halved. Elderly patients had significantly more infectious epi-
sodes due to cytomegalovirus (CMV) infection than young patients. The causes of infections in the elderly onset
group were Candida (n=2), Escherichia coli (n=1), and Pseudomonas aeruginosa (n=1), whereas the cause of
infections in the younger-onset group were Candida (n=1), malassezia (n=1), and those of unknown origin
(n=2). The frequencies of relapse and mortality were similar in both groups. The trends in the treatment status
over time are shown in Fig. 2. The percentage of elderly onset AOSD patients using oral immunosuppressants or
tocilizumab (TCZ) had increased. Meanwhile, the percentage of patients who received GC pulse therapy more
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Figure 1. Age distribution of patients with adult-onset Still’s disease.

than three times has decreased, and the number of days to GC halving has reduced. Moreover, the frequency of
infection and relapse reduced.

Discussion

In this study, we investigated the clinical features of elderly patients with AOSD from a multicenter cohort. The
results showed that elderly patients had different characteristics compared with younger patients, including
less frequent sore throat, more frequent pleuritis, a higher frequency of severe complications, such as DIC and
MAS, higher levels of inflammatory markers, lower levels of hemoglobin, and higher rates of CMV infections.
The treatment and outcome were not significantly different in both groups; however, in the recent years, the
use of immunosuppressants and TCZ instead of GCs has tended to increase, and infections and relapses have
tended to decrease.

To date, some nationwide epidemiological surveys evaluating the prevalence of AOSD have been conducted
in Japan using questionnaires. Before 2000, the proportion of elderly patients was very low; the first survey in
1988 showed that no patient aged > 66 years developed AOSD?. The second survey in 1994 showed that only six
patients (4.9%) were aged > 65 years at the time of diagnosis'®. The mean age at disease onset in the previous
surveys in 1988 and 1994 was 32.3 and 38.1 years, respectively. A recent survey in 2010-2011 showed an elevated
mean age of onset (46 years), although the proportion of patients with elderly onset AOSD was unknown'!. An
epidemiological study using the Japanese administrative database from 2010 to 2012 demonstrated that the mean
age at onset was 53.1 years, and 32.1% of the patients were older than 66 years'2. In this study, the mean age at
onset was the highest (57.1 years), and the proportion of patients with elderly onset was the largest compared to
previous Japanese studies. Therefore, AOSD is no longer a rare condition in old age.

Few studies have focused on the characteristics of elderly patients with AOSD. Maruyama et al."” recently
examined the age at disease onset in Japanese patients with AOSD and reported several similarities of patients
with elderly onset AOSD with our cohort, including the frequency of sore throat, the frequency of pleuritis and
DIC, and hemoglobin levels. However, there were some differences between these two studies. In our cohort,
there was a high proportion of elderly patients (42% were > 65 years in our study vs. 33% were > 60 years in a
previous study) and complications of MAS. Moreover, the prognosis of elderly patients in our study was similar
to that of younger patients, while poor prognoses of elderly patients were shown in a previous study. Although
the exact reasons for these differences remain unclear, in our study, patients with elderly onset AOSD were treated
more aggressively, with a higher proportion of patients treated with methotrexate or TCZ than in previous stud-
ies. Therefore, adequate treatment, even in older patients, may lead to an improved prognosis.

In our study, elderly patients had higher levels of inflammatory markers and more frequent complications
of pleuritis, DIC, and MAS than younger patients. This is not due to the delay in diagnosis because the interval
between onset and treatment was not different in both groups. Macrophages play important roles in the immune
response to inflammation and contribute to the onset and severity of AOSD?. Regarding the relationship between
aging and macrophages, the nature of macrophages in the adipose tissue shifts to a pro-inflammatory type (M1)
with aging®. Moreover, phagocytosis of apoptotic neutrophils by macrophages is weak in aging mice, making it
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Younger-onset (n=36) <65 years | Elderly onset (n=26)>65 years | p

Demographic features

Female 23 (63.9%) 19 (73.1%) 0.44
Age at onset (years) 445+11.4 74.7+5.4 <0.001
Interval between onset and treatment (months) 1.0 (0.75-1.0) 1.0 (0.25-2.0) 0.67
Having any comorbidities 8(22.2%) 12 (46.2%) 0.046
Clinical symptoms

Fever (=39 °C, lasting 1 week or longer) 36 (100%) 26 (100%) -
Arthralgia (lasting 2 weeks or longer) 33 (91.7%) 23 (88.5%) 0.67
Skin rash 29 (80.6%) 23 (88.5%) 0.40
Typical skin rash 21 (58.3%) 14 (53.8%) 0.72
Sore throat 31 (86.1%) 14 (53.8%) 0.004
Lymphadenopathy 20 (55.6%) 13 (50.0%) 0.66
Splenomegaly 19 (52.8%) 10 (38.5%) 0.26
Pericarditis 5 (13.9%) 2(7.7%) 0.44
Pleuritis 6(16.7%) 12 (46.2%) 0.011
Interstitial pneumonitis 1(2.8%) 2(7.7%) 0.37
Abdominal pain 3(8.3%) 2(7.7%) 0.92
Myalgia 4(11.1%) 4(15.4%) 0.62
Pouchot’s score 5.0 (4.0-6.25) 5.0 (4.0-6.0) 0.54
Complications

DIC 3(8.3%) 8(30.8%) 0.022
Macrophage activation syndrome 1(2.8%) 5(19.2%) 0.03
Amyloidosis 0(0%) 0 (0%) -
Laboratory findings

White blood cells (/mm?) 13,125 (10,115-15,990) 14,765 (10,852-20,070) 0.25
Neutrophils (%) 87.4 (82.7-89.0) 89.0 (84.0-92.6) 0.093
Hemoglobin (g/dl) 11.7 (10.9-12.8) 10.9 (9.9-12.0) 0.031
Platelet (x 10>/mm3) 22.5(15.6-30.6) 26.6 (13.5-37.8) 0.48
ESR (mm/h) 84.0 (26.0-94.0) 88.0 (67.0-107.0) 0.10
CRP (mg/dl) 10.5 (5.8-12.9) 14.9 (9.8-21.1) 0.021
Ferritin (ng/ml) 7187 (1781-16,106) 15,036 (2449-25,746) 0.097
AST (IU/L) 58 (40-85) 62 (46-88) 0.39
ALT (IU/L) 45 (31-98) 40 (22-68) 0.31
Blood urea nitrogen (mg/dl) 12.2 (9.2-16.0) 13.0 (11.0-18.4) 0.18
Creatinine (mg/dl) 0.61 (0.55-0.68) 0.63 (0.48-0.82) 0.98
Triglyceride 162 (114-217) 135 (114-175) 0.37
Fibrinogen 363 (226-474) 417 (168-580) 0.39
Positive RF 4(11.1%) 3 (11.5%) 0.95
Positive ANA 5(13.9%) 4(15.4%) 0.86

Table 1. Clinical features of patients with adult-onset Still's disease by age group. Data are presented as
number (%), mean + standard deviation or median (interquartile range). p <0.05, are represented in bold. DIC
disseminated intravascular coagulation, ESR erythrocyte sedimentation rate, CRP C-reactive protein, AST
aspartate aminotransferase, ALT alanine aminotransferase, RF rheumatoid factor, ANA anti-nuclear antibody.

difficult to resolve inflammation®***. In addition to these immunosenescence associated with dysregulation of
innate immunity, cell senescence, pro-coagulation factors, cell debris, and gut dysbiosis are causes of “inflammag-
ing,” which is defined as chronic low-grade inflammation occurring without infection*?”. When some stimula-
tion is applied to it, inflammation may persist even after the initial stimulation has been removed. Coronavirus
disease 2019 is known to cause cytokine storm in some elderly patients, even though it is less common in younger
patients®. Although it remains unknown why MAS occurs more frequently in patients with elderly onset AOSD,
these inflammaging may result in more prolonged inflammation after disease onset.

CMV infections are common in elderly patients. Jia et al. reported that CMV antibodies are elevated and
CMYV DNA copy number is increased in patients with AOSD, suggesting that CMV may be associated with the
development and exacerbation of AOSD®. In contrast, MAS can be triggered by various infections®, and there
are some case reports of patients with MAS triggered by CMV infections®*2. In our study, MAS was frequent in
elderly patients, and all cases of MAS occurred in the active state of AOSD; however, one patient had a compli-
cation of CMV infection at the development of MAS. Since CMV infections may be a risk factor for worsening
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Younger-onset (n=36) <65 years | Elderly onset (n=26)>65 years | p
Treatment
GCs 35(97.2%) 26 (100%) 0.39
Maximal dose (mg/kg/day) 0.88+0.26 0.93+£0.29 0.47
GCs pulse therapy 26 (72.2%) 20 (76.9%) 0.67
GCs pulse therapy >3 times 7 (19.4%) 7 (26.9%) 0.48
Time until GCs dose was halved (days) | 60.7+25.3 72.8+53.8 0.26
GCs only 11 (30.6%) 12 (46.2%) 0.20
Methotrexate 12 (33.3%) 6 (23.1%) 0.37
Tacrolimus 6(16.7%) 2(7.7%) 0.11
Cyclosporine 13 (36.1%) 12 (46.2%) 0.42
Tocilizumab 8(22.2%) 7 (26.9%) 0.66
Tumor necrosis factor-a inhibitors 1(2.8%) 1(3.8%) 0.81
Plasma exchange 11 (30.6%) 4 (15.4%) 0.16
Infection
Cytomegalovirus 5(13.9%) 10 (38.5%) 0.025
Others 4 (11.1%) 4 (15.4%) 0.62
Relapse 11 (30.6%) 10 (38.5%) 0.51
Death 1(2.8%) 2(7.7%) 0.37

Table 2. Treatment and outcomes of patients with adult-onset Still’s disease by age group. Data are presented
as numbers (%) or mean + standard deviation. p <0.05, are represented in bold. GC glucocorticoid.
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Figure 2. The trend of treatment status over time in patients with elderly onset and younger-onset adult-onset
Still’s disease. GCs glucocorticoids.

AOSD and can lead to the complications of MAS, frequent monitoring and prompt treatment are important to
stabilize the patient’s condition.

As shown in Fig. 2, the predominant treatment for patients with elderly onset AOSD approximately 10 years
ago was GCs, and more than half of them experienced some form of infection. Studies investigating the treatment
of elderly patients with rheumatoid arthritis (RA) have shown that compared to younger patients, initial treat-
ment is less aggressive, and they are less likely to receive anti-tumor necrosis factor-a therapy due to concerns of
adverse events and the assumption of comorbidities®***. However, in elderly patients, a delay in adequate treat-
ment can easily lead to a decline in activities of daily living. Meanwhile, current exposure to GCs, particularly
higher doses, results in the highest risk for serious infection in patients with RA%. Moreover, patients with elderly
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onset AOSD in our study had a higher frequency of comorbidities and most of these are easily deteriorated using
GCs. These findings suggest that elderly patients require adequate treatment with medications other than GCs.
With the elucidation of the pathogenesis, including cytokine profile of patients with AOSD, several established
targeting therapies have been developed. Methotrexate and anti-cytokine therapy, such as IL-1 or IL-6 inhibitors,
showed not only potent anti-inflammatory effects but also GC-sparing effects'®. In our study, we also found that
the treatment of elderly patients with AOSD changed over time. The frequency of using TCZ and immunosup-
pressants increased even in elderly patients, and there is a shift away from GC-dependent therapy in this group.
Regarding TCZ, an available biological agent in Japan, a meta-analysis of AOSD showed excellent efficacy, espe-
cially in refractory patients, and TCZ could reduce the need for GCs*. Moreover, a double-blind, randomized
trial of TCZ for refractory AOSD revealed significant improvement in systemic symptoms®”. IL-1 inhibitors
are also effective for patients with AOSD. Anakinra showed excellent effect for patients with predominantly
systemic symptoms and revealed GC-sparing effect®®. Efficacy and safety of canakinumab are also reported in a
systematic review>. As IL-1 inhibitors are unavailable in Japan because of the off-label use for AOSD, none of
our patients used these agents. However, it is expected that we can use several anti-cytokine therapies, including
IL-1 inhibitors, in the near future. The development of methods to reduce infections must be continued through
the appropriate use of drugs other than GCs, especially for elderly patients with AOSD.

This study has some limitations. First, this study has a retrospective design with a small number of patients.
Second, we did not examine the information of the clinical patterns, such as monocyclic, polycyclic, and chronic
articular, in this study. A nationwide survey including this information is needed in the future. Third, the rates of
infection and relapse may be affected by the differences in follow-up duration; however, since most of the infec-
tious episodes were prolonged hospitalization, the influence is likely to be limited. Fourth, the large proportion
of patients with elderly onset AOSD may be because the study was conducted in Japan, the country with one of
the highest aging rates worldwide. The global population is also aging; therefore, these situations may occur in
every country in the future.

In conclusion, the proportion of elderly patients with AOSD gradually increases. The disease activity of
patients with elderly onset AOSD was similar to that of patients with younger-onset AOSD, and the frequency
of complications, such as DIC and MAS, was high. CMV infections were common in patients with elderly onset
AOSD but had been decreasing in recent years with a shift away from GC-dependent treatment. In elderly
patients with AOSD, the appropriate use of immunosuppressive agents, including cytokine inhibitors, may be
necessary for the rapid control of disease activity and early reduction of GC dose.

Received: 16 November 2021; Accepted: 15 April 2022
Published online: 26 April 2022

References

1. Bywaters, E. G. Still’s disease in the adult. Ann. Rheum. Dis. 30, 121-133. https://doi.org/10.1136/ard.30.2.121 (1971).

2. Gerfaud-Valentin, M., Jamilloux, Y., Iwaz, J. & Séve, P. Adult-onset Still’s disease. Autoimmun. Rev. 13, 708-722. https://doi.org/
10.1016/j.autrev.2014.01.058 (2014).

3. Jamilloux, Y. et al. Pathogenesis of adult-onset Still's disease: new insights from the juvenile counterpart. Immunol. Res. 61, 53-62.
https://doi.org/10.1007/s12026-014-8561-9 (2015).

4. Shimojima, Y. et al. Characteristics of circulating natural killer cells and their interferon-y production in active adult-onset Still
disease. J. Rheumatol. 46, 1268-1276. https://doi.org/10.3899/jrheum.181192 (2019).

5. Ichikawa, T., Shimojima, Y., Kishida, D., Ueno, K. I. & Sekijima, Y. The implication of interferon-y-producing immunocompetent
cells for evaluating disease activity and severity in adult-onset Still’s disease. Int. J. Rheum. Dis. 24, 1176-1185. https://doi.org/10.
1111/1756-185X.14171 (2021).

6. Kadavath, S. & Efthimiou, P. Adult-onset Still's disease-pathogenesis, clinical manifestations, and new treatment options. Ann.
Med. 47, 6-14 (2015).

7. Magadur-Joly, G. et al. Epidemiology of adult Still’s disease: estimate of the incidence by a retrospective study in west France. Ann.
Rheum. Dis. 54, 587-590. https://doi.org/10.1136/ard.54.7.587 (1995).

8. Giacomelli, R., Ruscitti, P. & Shoenfeld, Y. A comprehensive review on adult onset Still's disease. J. Autoimmun. 93, 24-36. https://
doi.org/10.1016/j.jaut.2018.07.018 (2018).

9. Ohta, A. et al. Adult Still's disease: a multicenter survey of Japanese patients. J. Rheumatol. 17, 1058-1063 (1990).

10. Wakai, K. et al. Estimated prevalence and incidence of adult Still’s disease: findings by a nationwide epidemiological survey in
Japan. J. Epidemiol. 7, 221-225. https://doi.org/10.2188/jea.7.221 (1997).

11. Asanuma, Y. E et al. Nationwide epidemiological survey of 169 patients with adult Still's disease in Japan. Mod. Rheumatol. 25,
393-400. https://doi.org/10.3109/14397595.2014.974881 (2015).

12. Sakata, N., Shimizu, S., Hirano, F. & Fushimi, K. Epidemiological study of adult-onset Still’s disease using a Japanese administrative
database. Rheumatol. Int. 36, 1399-1405. https://doi.org/10.1007/s00296-016-3546-8 (2016).

13. Maruyama, A. et al. Clinical features of elderly-onset Adult-onset Still's disease. Mod. Rheumatol. 31, 862-868. https://doi.org/10.
1080/14397595.2020.1829340 (2021).

14. Suda, T. et al. Elderly-onset Still's disease complicated by macrophage activation syndrome: a case report and review of the literature.
Intern. Med. 59, 721-728 (2020).

15. Sungur, G., Hazirolan, D., Hekimoglu, E., Kasim, R. & Duman, S. Late-onset Behcet’s disease: demographic, clinical, and ocular
features. Graefes Arch. Clin. Exp. Ophthalmol. 248, 1325-1330 (2010).

16. Zammarchi, L. et al. Elderly-onset vs adult-onset ulcerative colitis: a different natural history?. BMC Gastroenterol. 20, 147 (2020).

17. Song, E. M. et al. Clinical characteristics and long-term prognosis of elderly-onset Crohn’s disease. Scand. J. Gastroenterol. 53,
417-425 (2018).

18. Feist, E., Mitrovic, S. & Fautrel, B. Mechanisms, biomarkers and targets for adult-onset Still's disease. Nat. Rev. Rheumatol. 14,
603-618 (2018).

19. Yamaguchi, M. et al. Preliminary criteria for classification of adult Still's disease. J. Rheumatol. 19, 424-430 (1992).

20. Pouchot, J. et al. Adult Still's disease: manifestations, disease course, and outcome in 62 patients. Medicine 70, 118-136. https://
doi.org/10.1097/00005792-199103000-00004 (1991).

21. Henter, J. I et al. HLH-2004: diagnostic and therapeutic guidelines for hemophagocytic lymphohistiocytosis. Pediatr. Blood Cancer
48, 124-131. https://doi.org/10.1002/pbc.21039 (2007).

Scientific Reports |

(2022) 12:6787 | https://doi.org/10.1038/s41598-022-10932-3 nature portfolio


https://doi.org/10.1136/ard.30.2.121
https://doi.org/10.1016/j.autrev.2014.01.058
https://doi.org/10.1016/j.autrev.2014.01.058
https://doi.org/10.1007/s12026-014-8561-9
https://doi.org/10.3899/jrheum.181192
https://doi.org/10.1111/1756-185X.14171
https://doi.org/10.1111/1756-185X.14171
https://doi.org/10.1136/ard.54.7.587
https://doi.org/10.1016/j.jaut.2018.07.018
https://doi.org/10.1016/j.jaut.2018.07.018
https://doi.org/10.2188/jea.7.221
https://doi.org/10.3109/14397595.2014.974881
https://doi.org/10.1007/s00296-016-3546-8
https://doi.org/10.1080/14397595.2020.1829340
https://doi.org/10.1080/14397595.2020.1829340
https://doi.org/10.1097/00005792-199103000-00004
https://doi.org/10.1097/00005792-199103000-00004
https://doi.org/10.1002/pbc.21039

www.nature.com/scientificreports/

22. Kumakura, S. et al. Autoimmune-associated hemophagocytic syndrome. Mod. Rheumatol. 14, 205-215. https://doi.org/10.1007/
510165-004-0293-6 (2004).

23. Lumeng, C. N. et al. Aging is associated with an increase in T cells and inflammatory macrophages in visceral adipose tissue. J.
Immunol. 187, 6208-6216. https://doi.org/10.4049/jimmunol.1102188 (2011).

24. Arnardottir, H. H., Dallj, J., Colas, R. A., Shinohara, M. & Serhan, C. N. Aging delays resolution of acute inflammation in mice:
reprogramming the host response with novel nano-proresolving medicines. J. Immunol. 193, 4235-4244. https://doi.org/10.4049/
jimmunol.1401313 (2014).

25. Takahashi, R., Totsuka, S., Ishigami, A., Kobayashi, Y. & Nagata, K. Attenuated phagocytosis of secondary necrotic neutrophils by
macrophages in aged and SMP30 knockout mice. Geriatr. Gerontol. Int. 16, 135-142. https://doi.org/10.1111/ggi.12436 (2016).

26. Minciullo, P. L. et al. Inflammaging and anti-inflammaging: the role of cytokines in extreme longevity. Arch. Immunol. Ther. Exp.
(Warsz) 64, 111-126. https://doi.org/10.1007/s00005-015-0377-3 (2016).

27. Sanada, F. et al. Source of chronic inflammation in aging. Front. Cardiovasc. Med. 5, 12 (2018).

28. Zhao, M. Cytokine storm and immunomodulatory therapy in COVID-19: role of chloroquine and anti-IL-6 monoclonal antibod-
ies. Int. J. Antimicrob. Agents 55, 105982 (2020).

29. Jia, ]. et al. Cytomegalovirus infection may trigger adult-onset Still's disease onset or relapses. Front. Immunol. 10, 898. https://doi.
org/10.3389/fimmu.2019.00898 (2019).

30. Deane, S., Selmi, C., Teuber, S. S. & Gershwin, M. E. Macrophage activation syndrome in autoimmune disease. Int. Arch. Allergy
Immunol. 153, 109-120. https://doi.org/10.1159/000312628 (2010).

31. Amenomori, M. et al. Cytomegalovirus-associated hemophagocytic syndrome in a patient with adult onset Still's disease. Clin.
Exp. Rheumatol. 23, 100-102 (2005).

32. Lau, A., Youn, H., Caricchio, R. & Brent, L. A case of cytomegalovirus-induced hemophagocytic lymphohistiocytosis in a patient
with an underlying rheumatic disease. Cureus 12, e8130. https://doi.org/10.7759/cureus.8130 (2020).

33. Radovits, B. J., Fransen, ], Eijsbouts, A., van Riel, P. L. & Laan, R. E Missed opportunities in the treatment of elderly patients with
rheumatoid arthritis. Rheumatol. (Oxf. Engl.) 48, 906-910. https://doi.org/10.1093/rheumatology/kep129 (2009).

34. Ruban, T. N. et al. The influence of age at disease onset on disease activity and disability: results from the Ontario Best Practices
Research Initiative. Clin. Rheumatol. 35, 759-763. https://doi.org/10.1007/s10067-015-3031-x (2016).

35. Widdifield, J. et al. Serious infections in a population-based cohort of 86,039 seniors with rheumatoid arthritis. Arthritis Care Res.
65, 353-361. https://doi.org/10.1002/acr.21812 (2013).

36. Ma, Y. et al. Efficacy and safety of tocilizumab with inhibition of interleukin-6 in adult-onset Still’s disease: a meta-analysis. Mod.
Rheumatol. 28, 849-857. https://doi.org/10.1080/14397595.2017.1416924 (2018).

37. Kaneko, Y. et al. Tocilizumab in patients with adult-onset Still's disease refractory to glucocorticoid treatment: a randomised,
double-blind, placebo-controlled phase III trial. Ann. Rheum. Dis. 77, 1720-1729. https://doi.org/10.1136/annrheumdis-2018-
213920 (2018).

38. Giampietro, C. et al. Anakinra in adult-onset Still’s disease: long-term treatment in patients resistant to conventional therapy.
Arthritis Care Res. (Hoboken) 65, 822-826 (2013).

39. Cota-Arce, J. M. et al. Efficacy and safety of canakinumab in the treatment of adult-onset Still’s disease: A systematic review. Semin.
Arthritis Rheum. 51, 1282-1290 (2021).

Author contributions

The study conception and design, data collection, and wrote the main manuscript text were performed by
D.K.Clinical management of patient, data collection, and critical review of the manuscript were performed by
TLR.T, S.N,M.M, WI, TN, S.S, KU, N.T, V.S, and Y.S.

Competing interests
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to D.K.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

= License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2022

Scientific Reports |

(2022) 12:6787 | https://doi.org/10.1038/s41598-022-10932-3 nature portfolio


https://doi.org/10.1007/s10165-004-0293-6
https://doi.org/10.1007/s10165-004-0293-6
https://doi.org/10.4049/jimmunol.1102188
https://doi.org/10.4049/jimmunol.1401313
https://doi.org/10.4049/jimmunol.1401313
https://doi.org/10.1111/ggi.12436
https://doi.org/10.1007/s00005-015-0377-3
https://doi.org/10.3389/fimmu.2019.00898
https://doi.org/10.3389/fimmu.2019.00898
https://doi.org/10.1159/000312628
https://doi.org/10.7759/cureus.8130
https://doi.org/10.1093/rheumatology/kep129
https://doi.org/10.1007/s10067-015-3031-x
https://doi.org/10.1002/acr.21812
https://doi.org/10.1080/14397595.2017.1416924
https://doi.org/10.1136/annrheumdis-2018-213920
https://doi.org/10.1136/annrheumdis-2018-213920
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Clinical characteristics and treatment of elderly onset adult-onset Still’s disease
	Materials and methods
	Patients. 
	Statistical analysis. 
	Compliance with ethical standards. 

	Results
	Discussion
	References


