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Abstract: Hemophagocytic syndrome (HPS) is a potentially life-

threatening complication of systemic inflammatory disorders. Adult-

onset Still disease (AOSD) is one of the systemic autoimmune diseases

associated with reactive hemophagocytic syndrome (RHS). This study

aimed to evaluate the characteristic findings, predictive factors, and

prognosis of RHS in patients with AOSD.

We retrospectively evaluated 109 patients diagnosed with AOSD

and reviewed their clinical data and laboratory findings, including

the biopsy results of 21 AOSD patients with RHS. Moreover, data

from 17 hemophagocytic lymphohistiocytosis (HLH) patients evaluated

during the same period were compared with those from the RHS

patients.

Twenty-one patients (19.3%) developed RHS during the course of

AOSD, and only 7 patients (6.4%) were confirmed by bone marrow,

liver, or lymph node biopsy. AOSD patients with RHS showed signifi-

cantly higher frequencies of splenomegaly, hepatomegaly, and lym-

phadenopathy than did those without RHS. Moreover, patients with

RHS showed significantly higher relapse rates than those without RHS

(61.9% vs 18.2%, P < 0.001). Possible triggering factors inducing

hemophagocytosis were detected in 16 of 21 RHS patients (76.2%):

disease flare in 12 patients (75%), infection in 3 patients (18.8%), and

drug use in 1 patient (6.3%). AOSD patients with RHS showed higher

frequencies of leukopenia, anemia, thrombocytopenia, hypoalbumine-

mia, hypofibrinogenemia, hypertriglyceridemia, hyperferritinemia, and

elevated lactate dehydrogenase levels than did those without RHS.

Multivariate logistic regression with forward selection procedure

showed that low platelet count (<121,000/mm3), anemia, and hepato-

megaly were independent predictors of RHS. Patients with definite RHS

and those with probable RHS showed comparable results. Although

RHS is a life-threatening complication of AOSD, long-term prognosis

was observed to be similar in patients with and those without RHS.

Compared to RHS patients, HLH patients had poor prognosis, such as

higher death rates (52.9% vs 9.5%, P¼ 0.005).

RHS can be considered when an AOSD patient shows at least 2 of
-Ah Kim, MD, and Chang-Hee Suh, MD, PhD

was better than that of HLH diagnosed by the presence of trilineage

cytopenia at admission.

(Medicine 94(4):e451)

Abbreviations: AOSD = adult-onset Still disease, AUC = area

under the ROC curve, ESR = erythrocyte sedimentation rate, HLH

= hemophagocytic lymphohistiocytosis, HPS = hemophagocytic

syndrome, ICU = intensive care unit, IL = interleukin, LDH =

lactate dehydrogenase, RHS = reactive hemophagocytic syndrome,

ROC = receiver-operating characteristic, SLE = systemic lupus

erythematosus, TNF = tumor necrosis factor.

INTRODUCTION

H emophagocytic syndrome (HPS) is a severe and potentially
life-threatening complication of systemic inflammatory

disorders and is also known as macrophage activation syn-
drome.1–3 Clinically, it is characterized by acute fever, cyto-
penia, lymphadenopathy, hepatosplenomegaly, intravascular
coagulation, and raised serum levels of ferritin, triglycerides,
and liver enzymes. The pathogenesis of this syndrome is
excessive activation and proliferation of T lymphocytes and
macrophages, which lead to phagocytosis of hematopoietic cells
in the bone marrow or other organs of the reticuloendothelial
system with hypersecretion of proinflammatory cytokines,
including interferon-g, interleukin (IL)-1, IL-6, IL-18, and
tumor necrosis factor (TNF)-a.4–6

HPS may be primary (familial) or secondary (reactive) to
autoimmune systemic diseases, malignancies, infections, and
drug use.2,7 The primary type is also called familial hemopha-
gocytic lymphohistiocytosis (HLH) and is developed especially
in childhood. It is revealed that mutations in the perforin gene
related to T-cell cytotoxicity often play a role in the develop-
ment of familial HLH.8 Reactive hemophagocytic syndrome
(RHS) is triggered by various infections, hematologic malig-
nancies, and systemic autoimmune diseases.9,10

Systemic lupus erythematosus (SLE) and adult-onset Still
disease (AOSD) are the main systemic autoimmune diseases
related to RHS.1,11–14 In these autoimmune diseases, RHS can
occur with either a disease flare or an active infection from a
complication of immunosuppressive treatment. RHS is known
to be the most severe complication of systemic-onset juvenile
idiopathic arthritis or Still disease, but this complication has
been poorly studied in AOSD.15–17 RHS and AOSD share
several clinical characteristics and laboratory findings including
fever, lymphadenopathy, hepatosplenomegaly, elevated liver
enzyme levels, and hyperferritinemia, and these conditions
cannot be easily distinguished from each other.18–20 However,
dies on AOSD related to RHS have been
efore, the inducing factors, course, treat-
RHS in AOSD are not yet clearly known.
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It is suggested that RHS in AOSD is more common than has
been previously recognized in the literature and has probably
been underdiagnosed in several cases.13,18,20

In our study, we reviewed clinical data including labora-
tory findings, course, treatments, and prognosis in 21 AOSD
patients with RHS and compared these data with those from 88
AOSD patients without RHS and 17 HLH patients without
AOSD, who were evaluated during the same period. Moreover,
we compared 7 definite RHS patients with biopsy-proven
hemophagocytosis with 14 probable RHS patients without that.
This study aimed to evaluate the characteristic findings, pre-
dictive factors, and prognosis of RHS in AOSD patients.

MATERIALS AND METHODS
We retrospectively evaluated 109 patients who had AOSD

and were treated at the Department of Rheumatology, Ajou
University Hospital, between 1996 and 2013. The patients were
diagnosed with AOSD according to the Yamaguchi criteria,
after exclusion of infectious, hematologic, and autoimmune
diseases.25 This study was approved by the institutional review
board of our hospital.

All patients underwent laboratory tests including complete
blood count, erythrocyte sedimentation rate (ESR), C-reactive
protein (CRP), ferritin, lactate dehydrogenase (LDH), fibrino-
gen, and triglyceride levels, liver function tests, and urinalysis.
Moreover, patients with cytopenia or fever of unknown origin
underwent bone marrow, liver, or lymph node biopsy. Clinical
characteristics including age, gender, length of follow-up,
clinical features, treatments, outcomes, potential triggering
factors for RHS, and complications were evaluated using a
standardized form. Furthermore, systemic disease score was
evaluated using the method described by Pouchot et al,26 in
which a score from 0 to 12 is assigned, and 1 point is added for
each of the following manifestations: fever, typical rash, pleur-
itis, pneumonia, pericarditis, hepatomegaly, or abnormal liver
function tests, splenomegaly, lymphadenopathy, leukocytosis
�15,000/mm2, sore throat, myalgia, and abdominal pain.

Of the AOSD patients, 21 (19.3%) were diagnosed with
RHS. Seven RHS patients (6.4%) were confirmed by bone
marrow, liver, or lymph node biopsy; however, 14 patients
(12.8%) without biopsy-proven hemophagocytosis were con-
sidered to have probable RHS. Probable RHS was characterized
by the following 3 criteria: high fever with unexplained pro-
gressive cytopenia affecting at least 2 cell lineages, occurrence
of RHS during the course of AOSD in spite of proper treatment,
and exclusion of malignancy-associated RHS.18 Three patients
with infection at the time of RHS were not excluded because
infection can trigger RHS in AOSD patients. Furthermore, we
examined 17 HLH patients without autoimmune disease during
the same period and compared these with the RHS patients.

All data were expressed as mean� standard deviation, and
a value of P < 0.05 was considered statistically significant.
Prognostic factors and responses to medication were assessed
using a x2 test or Fisher exact test and independent sample t test
or Mann–Whitney U test wherever appropriate. The cutoff
values, sensitivity, specificity, and area under the receiver-
operating characteristic (ROC) curve for significantly different
laboratory and clinical variables were calculated by ROC
analysis, and odds ratios (ORs) for RHS were evaluated by
univariate analysis. Finally, multivariate logistic regression with
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forward selection procedure was performed for significant
variables identified by univariate analysis. The Kaplan–Meier
method was used to report survival curves and estimate the
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mean survival and the 95% confidence intervals (CIs). To assess
the differences in survival between the 2 groups (AOSD with
RHS vs AOSD without RHS and AOSD with RHS vs HLH), log
rank test, and Cox proportional hazard model was applied. The
statistic analyses were performed using IBM SPSS 20.0 (SPSS
Inc, Chicago, IL), and the Kaplan–Meier graph was created
using R version 2.13.0 (R Foundation for Statistical Computing,
Vienna, Austria).

RESULTS

Clinical Findings in AOSD Patients With RHS
In this study, 130 patients were reviewed retrospectively,

of which 21 patients were excluded because they did not meet
the Yamaguchi criteria or were confirmed to have other auto-
immune diseases such as SLE. Finally, 109 AOSD patients
were evaluated.

Table 1 shows the clinical characteristics and frequency of
clinical features in AOSD patients according to RHS diagnosis.
Twenty-one patients (19.3%) developed RHS during the course
of AOSD, and only 7 patients were confirmed by bone marrow,
liver, or lymph node biopsy. There were no significant differ-
ences in age at diagnosis, gender, and follow-up period in
AOSD patients, according to RHS diagnosis. Among RHS
patients, 15 patients (71.4%) showed hemophagocytic features
within 1 month after AOSD diagnosis. Compared with AOSD
patients without RHS, patients with RHS showed significantly
higher frequencies of splenomegaly, hepatomegaly, and lym-
phadenopathy, but lower incidences of sore throat. No differ-
ence in Pouchot score was observed between patients with and
without RHS (5.0� 1.6 vs 5.2� 1.7).

Overall, patients with RHS showed higher frequencies of
intensive care unit (ICU) admission and relapse than did those
without RHS, but only relapse frequency was significantly
higher (61.9% vs 18.2%, P < 0.001). The survival of AOSD
patients with RHS was not different with those without RHS
(hazard ratio [HR] 7.48, 95% CI [0.52–107.38], P¼ 0.1389)
(Figure 1). Nearly all AOSD patients received corticosteroids,
irrespective of RHS. Most RHS patients mainly received oral
steroids, and only 2 patients received intravenous steroids
because they could not receive oral steroids and pulse doses
were necessary. Methotrexate was the most commonly used
disease-modifying antirheumatic drug as a steroid-sparing
agent, although other disease-modifying antirheumatic drugs
including azathioprine, hydroxychloroquine, sulfasalazine, and
leflunomide were used. In some patients, intravenous immu-
noglobulin and anti-TNF agents were used with systemic
steroids. There was no difference in the use of immunosup-
pressive treatments in AOSD patients according to RHS, except
for the more common use of azathioprine in those with RHS.
Nonsteroidal anti-inflammatory drugs (NSAIDs) were less
commonly used in AOSD patients with RHS, whereas anti-
biotics were more commonly used.

Possible triggering factors inducing hemophagocytosis
were detected in 16 of 21 RHS patients (76.2%). Active disease
flares were reported in 12 patients (75%), infection in 3 patients
(18.8%), and suspicious drug use (antibiotics) in 1 patient
(6.3%). Two patients developed acute pharyngitis and 1 patient
developed acute pyelonephritis. Five patients (23.8%) with no
suspected triggering factors showed bilineage or trilineage
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cytopenia without any flare symptoms, signs of infection,
and suspicious drug use. However, 2 of 5 RHS patients with
no triggering factors died despite ICU management, whereas all

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.



TABLE 1. Clinical Characteristics in AOSD Patients According to RHS

AOSD
Without

RHS (n¼ 88)

AOSD With
RHS

(n¼ 21) P Value

AOSD With
Probable

RHS (n¼ 14)

AOSD With
Definite

RHS (n¼ 7) P Value

Age at diagnosis, y 38.9� 13.8 45.9� 19.3 0.13 38.2� 16.1 61.1� 16.5 0.006
Female 65 (73.9) 14 (66.7) 0.59 11 (78.6) 3 (42.9) 0.12
Follow-up period, mo 24.2� 31.1 18.8� 28.5 0.47 24.7� 33.4 6.9� 5.5 0.18
AOSD duration before RHS, mo — 1.5� 2.2 — 1.6� 2.7 1.3� 1.2 0.77
Symptoms

Fever 86 (97.7) 21 (100) 1.0 14 (100) 7 (100) 1.0
Arthralgia 82 (93.2) 18 (85.7) 0.37 11 (78.6) 7 (100) 0.52
Skin rash 74 (84.1) 14 (66.7) 0.12 10 (71.4) 4 (57.1) 0.64
Sore throat 38 (56.8) 6 (28.6) 0.03 4 (28.6) 2 (28.6) 1.0
Splenomegaly 17 (19.3) 11 (52.4) 0.004 5 (35.7) 2 (28.6) 0.18
Hepatomegaly 11 (12.5) 7 (33.3) 0.04 5 (35.7) 2 (28.6) 1.0
Lymphadenopathy 24 (27.3) 11 (52.4) 0.04 8 (57.1) 3 (42.9) 0.66
Serositis 10 (11.4) 3 (14.3) 0.7 2 (14.3) 1 (14.3) 1.0
Pneumonitis 4 (4.5) 0 (0) 1.0 0 (0) 0 (0) 1.0

Pouchot score 5.2� 1.7 5.0� 1.6 0.36 5.2� 1.7 4.6� 1.4 0.46
RHS onset within 1 mo after Dx — 15 (71.4) — 9 (64.3) 6 (85.7) 0.19
Trigger factor — 16 (76.2) — 11 (78.6) 5 (71.4) 0.87

Active flare — 12 (75.0) — 8 (72.7) 4 (80.0) 0.65
Infection — 3 (18.8) — 2 (18.2) 1 (20.0) 0.75
Drug — 1 (6.3) — 1 (9.1) 0 (0) 0.69

Progress
ICU admission 5 (5.7) 4 (19.0) 0.068 2 (14.3) 2 (28.6) 0.53
Relapse 16 (18.2) 13 (61.9) <0.001 10 (71.4) 3 (42.9) 0.35
Death 3 (3.4) 2 (9.5) 0.094 2 (14.3) 0 (0) 0.53

Treatment
NSAIDs 77 (87.5) 14 (66.7) 0.043 11 (78.6) 3 (42.9) 0.64
Steroids 84 (95.5) 20 (95.2) 1.0 13 (92.9) 7 (100) 1.0
Azathioprine 9 (10.2) 6 (28.6) 0.039 2 (14.3) 4 (57.1) 0.12
Methotrexate 42 (47.7) 9 (42.9) 0.809 8 (57.1) 1 (14.3) 0.16
IVIG 18 (20.5) 8 (38.1) 0.097 6 (42.9) 2 (28.6) 0.66
Anti-TNF agents 7 (8.0) 1 (4.8) 1.0 1 (7.1) 0 (0) 1.0
Antibiotics 1 (1.1) 6 (28.6) <0.001 3 (21.4) 3 (42.9) 1.0

re u
tum
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RHS patients with triggering factors recovered. AOSD patients
with definite RHS and those with probable RHS showed no
differences in clinical characteristics, except age at diagnosis,
which was higher in patients with definite RHS.

Biopsy Findings in AOSD Patients With RHS
Biopsies were conducted to evaluate the cause of bilineage

or trilineage cytopenia or fever of unknown origin. Eighteen
patients with RHS (85.7%) and only 7 patients without RHS
(6.8%) underwent biopsies (Table 2). Bone marrow biopsy
(100%) was most commonly conducted, followed by liver
biopsy (38.9%) and lymph node biopsy (27.8%) in RHS
patients. All patients with definite RHS showed hemophago-
cytosis on biopsy, whereas patients with probable RHS showed
normal findings (27.3%) or reactive changes (72.7%). Seven
AOSD patients without RHS and with leukocytosis underwent
biopsy to exclude hematologic malignancies such as myelo-

AOSD¼ adult-onset Still disease, Dx¼ diagnosis, ICU¼ intensive ca
inflammatory drugs, RHS¼ reactive hemophagocytic syndrome, TNF¼
proliferative disease. The results were normal (57.1%) or
showed reactive changes (42.9%). Reactive plasmacytosis
was observed in most cases of reactive changes.

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
Laboratory Findings in AOSD Patients With RHS
White blood cell count and platelet count, hemoglobin,

albumin, and fibrinogen levels were significantly lower in
AOSD patients with RHS than in those without RHS
(Table 3). However, ferritin, LDH, and triglyceride levels were
significantly higher in patients with RHS. AOSD patients with
definite RHS and those with probable RHS showed about the
same laboratory findings. Frequencies of abnormal laboratory
findings were higher in AOSD patients with RHS than in those
without RHS (Table 4). In particular, RHS patients showed
higher frequencies of leukopenia, anemia, thrombocytopenia,
hypoalbuminemia, hypofibrinogenemia, hypertriglyceridemia,
and elevated LDH levels. Patients with RHS showed signifi-
cantly higher frequencies of ferritin levels >5000 ng/mL than
did those without RHS (61.9% vs 31.8%, P¼ 0.01).

ROC Curve Analysis in AOSD Patients With RHS

nit, IVIG¼ intravenous immunoglobulin, NSAIDs¼ nonsteroidal anti-
or necrosis factor.
The cutoff values, sensitivity, specificity, and area under
the ROC curve (AUC) for significantly different laboratory and
clinical variables were calculated by ROC analysis, and ORs for

www.md-journal.com | 3
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FIGURE 1. Kaplan–Meier estimates of overall survival in AOSD
without RHS, and AOSD with RHS and HLH. The AOSD without
RHS patients had a longer median overall survival than the AOSD
with RHS patients (P value 0.0387 by log-rank test), and AOSD
with RHS patients had a longer median overall survival than HLH
patients (P value 0.0392 by log-rank test). The HR of RHS was 7.48
(95% CI, 0.52–107.38; P¼0.1389) and the HR of HLH compared
with AOSD with RHS was 6.37 (95% CI, 1.15–35.22; P¼0.0339).
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RHS were evaluated by univariate analysis (Table 5). Among
the variables, low platelet count with a cutoff value of
<121,000/mm3 showed the best sensitivity (96.6%), specificity
(95.2%), and AUC value (0.98) as an independent factor, and
hypertriglyceridemia (>170 mg/dL) and hypofibrinogenemia
(<493 mg/dL) had 100% specificity. To determine predictors of
RHS, multivariate logistic regression with forward selection
procedure was used for the 9 significant variables identified by
univariate analysis. Low platelet count, anemia, and hepato-
megaly were found to be significantly independent predictors of

AOSD¼ adult-onset Still disease, CI¼ confidence interval, HLH¼
hemophagocytic lymphohistiocytosis, HR¼hazard ratio, RHS¼
reactive hemophagocytic syndrome.
RHS (Table 6). AOSD patients showing at least 2 of the 3
above-mentioned findings had the best AUC value (0.87) for
RHS diagnosis.

TABLE 2. Biopsy Findings in AOSD Patients According to RHS

AOSD Without
RHS (n¼ 88)

AOSD With
RHS (n¼ 21

Numbers of biopsy 7 (6.8) 18 (85.7)
Location of biopsy

Bone marrow 7/7 (100) 18/18 (100)
Liver 0 (0) 7/18 (38.9)
Lymph node 0 (0) 5/18 (27.8)

Results of biopsy
Normal 4/7 (57.1) 3/18 (16.7)
Hemophagocytosis 0 (0) 7/18 (38.9)
Reactive change 3/7 (42.9) 8/18 (44.4)

AOSD¼ adult-onset Still disease, RHS¼ reactive hemophagocytic synd
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Comparison Between AOSD Patients With RHS
and HLH Patients

Twenty-one RHS patients were compared with 17 HLH
patients evaluated during the same period (Table 7). The
frequencies of hematologic manifestations including hepato-
megaly (76.5% vs 33.3%, P¼ 0.01), lymphadenopathy (100%
vs 52.4%, P¼ 0.001), and pneumonitis (41.2% vs 0%,
P¼ 0.002) were significantly higher in HLH patients than in
RHS patients. Overall, HLH patients had poor prognosis, such
as higher ICU admission and death rates (52.9% vs 9.5%,
P¼ 0.005). The mortality of HLH was significantly higher than
AOSD patients with RHS (HR 6.37, 95% CI [1.15–35.22],
P¼ 0.0339) (Figure 1). However, the frequencies of arthralgia,
anemia, and elevated ESR were higher in RHS patients. Treat-
ments were different in RHS and HLH patients. Higher fre-
quency of methotrexate use was observed in RHS patients than
in HLH patients (42.9% vs 0%). However, compared with RHS
patients, 9 HLH patients had higher rates of etoposide and
cyclosporine use (52.9% vs 0%), and 17 HLH patients had
higher rates of antibiotic use (100% vs 28.6%). NSAID use was
higher in RHS patients than in HLH patients (66.7% vs 23.5%),
but this difference was not significant (P¼ 0.1). Steroids were
used in almost all HLH (94.1%) and RHS (95.2%) patients.

DISCUSSION
HPS may be primary (HLH) or secondary (RHS) to

infection, malignancies, and drug use.1–3 Moreover, RHS
may occur in autoimmune systemic inflammatory diseases such
as juvenile idiopathic arthritis, SLE, and AOSD.11–17 Macro-
phage activation is one of the important clinicopathological
findings in AOSD.27 RHS and AOSD manifest similar clinical
features such as fever, hepatosplenomegaly, elevated liver
enzyme levels, and hyperferritinemia.19 Above all, the presence
of cytopenia in at least 2 cell lineages is a distinguished feature
of RHS.18

The most important immunological abnormality in
primary or secondary HPS is impaired cytotoxic function.4–6

Defective cytotoxicity may result in incomplete pathogen
destruction and persistent macrophage activation.28–30 Persist-
ent macrophage activation may result in high levels of various
cytokines including interferon-g, TNF-a, IL-1, IL-6, IL-8, and

Medicine � Volume 94, Number 4, January 2015
IL-18, and ferritin production. Persistent macrophage activation
in AOSD may lead to RHS after disease flare up or exposure to
triggering factors such as infection or use of suspicious drugs

)
AOSD With Probable

RHS (n¼ 14)
AOSD With Definite

RHS (n¼ 7)

11 (78.6) 7 (100)

11/11 (100) 7/7 (100)
4/11 (36.4) 3/7 (42.9)
4/11 (36.4) 1/7 (14.3)

3/11 (27.3) 0 (0)
0 (0) 7/7 (100)

8/11 (72.7) 0 (0)

rome.

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.



TABLE 3. Laboratory Findings in AOSD Patients According to RHS

AOSD
Without

RHS (n¼ 88)

AOSD
With

RHS (n¼ 21) P Value

AOSD With
Probable

RHS (n¼ 14)

AOSD With
Definite

RHS (n¼ 7) P Value

WBC, �103/mm3 13.6� 6.6 3.9� 3.2 <0.001 3.7� 2.9 4.6� 3.8 0.67
Hemoglobin, g/dL 11.8� 1.4 9.4� 1.7 <0.001 9.5� 2.1 9.4� 0.7 0.86
Platelet, �103/mm3 291� 110 87� 43 <0.001 85� 51 91� 24 0.80
ESR, mm/h 65.7� 32.7 56.4� 32.8 0.25 60.2� 35.2 48.1� 28.9 0.44
CRP, mg/dL 11.3� 9.6 13.4� 9.6 0.37 13.6� 9.6 12.8� 10.6 0.90
AST, U/L 101� 121 121� 100 0.25 116� 89 131� 126 0.59
ALT, U/L 106� 164 79� 76 0.47 83� 85 72� 58 0.51
Albumin, mg/dL 3.7� 0.6 3.3� 0.6 0.02 3.2� 0.6 3.6� 0.7 0.22
Bilirubin, mg/dL 0.6� 0.6 1.0� 1.2 0.15 1.3� 1.4 0.6� 0.3 0.10
Ferritin, �103 ng/mL 4.6� 5.7 15.3� 22.0 0.04 9.3� 10.9 18.5� 27.6 0.29
LDH, U/L 461� 302 977� 652 0.002 688� 421 1101� 740 0.17
Fibrinogen, mg/dL 509� 254 325� 166 0.02 485� 99 370� 75 0.13
Triglyceride, mg/dL 120� 50 328� 243 0.04 547� 443 397� 451 0.72

seas
HS
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such as methotrexate, hydroxychloroquine, and anti-TNF
agents.3,30,31

In the present study, the most common triggering factor
was disease flare (57.1%), followed by infection (14.3%) and
suspicious drug use (4.8%), and no specific triggering factor
was noted in 23.8% of the cases. RHS patients without trigger-
ing factors showed higher death rates than those with triggering
factors, and this may be explained that disease flare, infection,
or suspicious drug use can be managed by immunosuppressive
treatment, antibiotic therapy, or stopping the offending drug,

ALT¼ alanine aminotransferase, AOSD¼ adult-onset Still di
ESR¼ erythrocyte sedimentation rate, LDH¼ lactate dehydrogenase, R
respectively. Therefore, AOSD patients with bilineage or trili-
neage cytopenia and without a triggering factor require more
careful attention.

TABLE 4. Frequencies of Abnormal Laboratory Findings in Patien

AOSD
Without

RHS (n¼ 88)

AOSD W
RHS

(n¼ 21

Leukopenia (<3400/mm3) 2 (2.3) 14 (66.7
Anemia (<10.0 g/dL) 7 (8.0) 17 (80.9
Thrombocytopenia (<100,000/mm3) 1 (1.1) 19 (90.5
Elevated ESR (>25 mm/h) 79 (89.8) 18 (85.7
Elevated CRP (>0.8 mg/dL) 81 (92.0) 21 (100
Elevated AST (>40 U/L) 57 (64.8) 18 (85.7
Elevated ALT (>41 U/L) 52 (59.1) 11 (52.4
Hypoalbuminemia (<3.5 mg/dL) 34 (38.6) 14 (66.7
Hyperbilirubinemia (>1.2 mg/dL) 5 (5.7) 3 (14.3)
Hyperferritinemia
>150 ng/mL 78 (88.6) 21 (100
>1000 ng/mL 59 (67.0) 16 (76.2
>5000 ng/mL 28 (31.8) 13 (61.9

Elevated LDH (>200 U/L) 29 (32.9) 19 (90.5
Hypofibrinogenemia (<150 mg/dL) 1/26 (3.4) 5/13 (42.
Hypertriglyceridemia (>180 mg/dL) 4/23 (17.4) 5/7 (71.4

ALT¼ alanine aminotransferase, AOSD¼ adult-onset Still diseas
ESR¼ erythrocyte sedimentation rate, LDH¼ lactate dehydrogenase, RHS

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
Although HPS is characterized by macrophage activation
with hemophagocytosis, very few studies have focused on
macrophage activation in HPS patients. Phenotypic markers
expressed by macrophages in a small number of primary HPS
patients comprise complement receptors (CD11b, CD21, CD35,
and CD36) and activation markers (CD25 and CD30), whereas
those from secondary HPS patients and healthy controls do not
have these.32 Therefore, study of macrophage subpopulations
such as classic (M1) or type-2-activated macrophages is import-
ant to determine the cause of HPS in patients.33

e, AST¼ aspartate aminotransferase, CRP¼C-reactive protein,
¼ reactive hemophagocytic syndrome, WBC¼white blood cell count.
In a retrospective study of 50 patients with AOSD, 6
patients (12%) were reported to have RHS, of which 1 patient
died.20 Another retrospective study of 26 AOSD patients

ts According to RHS

ith

) P Value

AOSD With
Probable

RHS (n¼ 14)

AOSD With
Definite

RHS (n¼ 7) P Value

) <0.001 8 (57.1) 6 (85.7) 1.0
) <0.001 10 (71.4) 7 (100) 0.26
) <0.001 14 (100) 5 (71.4) 0.25
) 0.82 12 (85.7) 6 (85.7) 0.57
) 0.73 14 (100) 7 (100) 1.0
) 0.45 11 (78.6) 7 (100) 0.52
) 0.64 8 (57.1) 3 (42.9) 0.66
) <0.001 9 (64.3) 5 (71.4) 1.0

0.32 3 (21.4) 0 (0) 0.26

) 0.54 14 (100) 7 (100) 1.0
) 0.60 10 (71.4) 6 85.7) 0.62
) 0.01 8 (57.1) 5 (71.4) 0.66
) <0.001 12 (85.7) 7 (100) 1.0
9) 0.01 5 (35.7) 4 (57.1) 1.0
) 0.01 4 (28.6) 4 (57.1) 0.47

e, AST¼ aspartate aminotransferase, CRP¼C-reactive protein,
¼ reactive hemophagocytic syndrome.
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TABLE 5. Sensitivity and Specificity of Clinical and Laboratory Findings for Diagnosis of RHS

Clinical Findings Cutoff Sensitivity Specificity AUC (95% CI) OR (95% CI) P Value

WBC, �103/mm3 <4310 95.5 76.2 0.94 (0.87–1.00) 0.99 (0.99–1.00) <0.001
Hemoglobin, g/dL <10.0 92.0 81.0 0.86 (0.75–0.97) 0.35 (0.22–0.55) <0.001
Platelet, �103/mm3 <121 96.6 95.2 0.98 (0.94–1.00) 0.96 (0.93–0.98) <0.001
Albumin, mg/dL <3.4 52.4 80.7 0.67 (0.53–0.80) 4.59 (1.68–12.57) 0.003
Ferritin, mg/dL >357 69.2 67.1 0.69 (0.55–0.82) 1.00 (1.00–1.00) 0.008
LDH, U/L >518 81.3 72.7 0.73 (0.56–0.89) 1.00 (1.00–1.00) 0.02
Fibrinogen, mg/dL <493 42.9 100 0.57 (0.23–0.91) 1.00 (0.99–1.06) 0.86
Triglyceride, mg/dL >206 66.7 100 0.93 (0.79–1.00) 1.03 (0.99–1.06) 0.07
Splenomegaly 69.3 61.9 0.67 (0.53–0.80) 0.37 (0.16–0.86) 0.02
Lymphadenopathy 52.4 72.7 0.63 (0.49–0.76) 2.93 (1.11–7.79) 0.03
Hepatomegaly 33.3 87.5 0.60 (0.46–0.75) 3.50 (1.16–10.57) 0.03

lac
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showed that 3 patients (11.5%) developed RHS and 1 patient
died because of uncontrolled infection.14 A recent retrospective
case–control study showed that 8 (15.3%) of 52 AOSD patients
developed RHS, and RHS was the first manifestation of AOSD
in 7 patients.18

In our study, 21 (19.3%) of 109 AOSD patients developed
RHS, and 4 patients were treated in the ICU, of which 2 patients
died. Among them, 15 patients (71.4%) were confirmed to have
RHS within 1 month after AOSD diagnosis. These findings
reveal that most RHS may occur at the very beginning during
the course of AOSD, even if a simultaneous diagnosis of AOSD
and RHS is common. Moreover, it was reported that 63.2% of
SLE patients were diagnosed with macrophage activation
within 1 month after SLE diagnosis.34

We compared the clinical and laboratory findings of
definite RHS patients confirmed by biopsy and probable
RHS patients. The probable RHS patients may have a milder
form of the disease, which may not have been detected by
biopsy, or these patients may not have true HPS. Our data show
that definite RHS and probable RHS patients showed almost
similar clinical characteristics and laboratory findings. It has
been reported that histological confirmation of hemophagocy-
tosis is not always required for HLH diagnosis.19,35,36 Our data
also support that RHS in AOSD can be diagnosed without bone
marrow, liver, or lymph node biopsy-proven hemophagocytosis

AUC¼ area under the ROC curve, CI¼ confidence interval, LDH¼
syndrome, WBC¼white blood cell count.
if there is sufficient clinical proof of hemophagocytosis.
Laboratory findings helped to differentiate RHS patients

from patients without RHS, whereas clinical findings were

TABLE 6. Parameters for the Diagnosis of RHS by Multivariate
Logistic Regression Analysis

95% CI

Parameter P value Odds ratio Lower Upper

Low platelet count
(<121 � 103/mm3)

0.003 1.062 1.02 1.1

Anemia (<10.0 g/dL) 0.026 3.378 1.16 9.8
Hepatomegaly 0.029 1000 2.11 1

CI¼ confidence interval, RHS¼ reactive hemophagocytic syndrome.

6 | www.md-journal.com
rather nonspecific. The clinical findings showed that frequen-
cies of hepatomegaly, splenomegaly, and lymphadenopathy
were higher in RHS patients. Moreover, the frequency of
abnormal complete blood count results including leukopenia,
anemia, and thrombocytopenia was higher in RHS patients.
Above all, low platelet count (<121,000/mm3) produced the
best AUC (0.98) with the highest combined sensitivity (96.6%)
and specificity (95.2%) as an independent predictor of RHS.
Multiple logistic regression analysis showed that only low
platelet count, anemia, and hepatomegaly were significant
predictors of RHS. In particular, AOSD patients showing at
least 2 of the 3 above-mentioned findings could be diagnosed as
RHS with the best AUC value (0.87). Of 21 RHS patients,
16 (76.2%) presented with leukocytosis (>10,000/mm3) at
admission, and within 1 month, they developed cytopenia in
at least 2 lineages including leukopenia. Only 5 RHS patients
(23.8%) presented with leukopenia and thrombocytopenia at
admission, and they showed worse prognosis than the RHS
patients presenting with leukocytosis at admission. However, 13
of 17 HLH patients (76.5%) presented with pancytopenia at
admission, whereas no HLH patient presented with leukocy-
tosis. It has been suggested that a low ESR is an important sign
for distinguishing between RHS and other inflammatory dis-
orders.16 However, in the present study, neither ESR nor CRP
showed significant differences according to the presence of
RHS in AOSD patients.

The treatment guidelines for RHS in AOSD have not been
established.1 For juvenile idiopathic arthritis-associated RHS,
the main treatment is the administration of high-dose steroids.1–

3 However, refractory cases of RHS have been reported despite
the application of the high-dose steroid treatment.17,20–22 Con-
flicting results have been reported with the administration of
high-dose intravenous immunoglobulins, cyclosporin, cyclo-
phosphamide, plasma exchange, etoposide, and anti-TNF
agents.1–3,37–39 In Japanese patients with systemic autoimmune
disease and RHS, high-dose steroid monotherapy was given in
26 cases, being effective in 12 (46%), and 10 out of 15 patients
resistant to steroids were administered cyclosporin, cyclopho-
sphamide, or tacrolimus, leading to remission in 80%.14

In our study, cyclosporin, cyclophosphamide, and etopo-
side were not used because steroid monotherapy was effective

tate dehydrogenase, OR¼ odds ratio, RHS¼ reactive hemophagocytic
in 16 of 20 RHS patients (80%). Methotrexate (42.9%) and
azathioprine (28.6%) were used as steroid-sparing agents, and
intravenous immunoglobulin (38.1%) was administered for the

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.



TABLE 7. Comparison of Clinical Characteristics Between AOSD Patients With RHS and HLH Patients

AOSD With RHS (n¼ 21) HLH (n¼ 17) P Value

Age at diagnosis 45.9� 19.3 42.8� 11.9 0.55
Female 14 (66.7) 11 (64.7) 1.0
Follow-up period 18.8� 28.5 9.7� 12.4 0.23
Symptoms

Fever 21 (100) 17 (100) 1.0
Arthralgia 18 (85.7) 8 (47.1) 0.02
Skin rash 14 (66.7) 12 (70.6) 1.0
Sore throat 6 (28.6) 5 (29.4) 1.0
Splenomegaly 11 (52.4) 13 (76.5) 0.18
Hepatomegaly 7 (33.3) 13 (76.5) 0.01
Lymphadenopathy 11 (52.4) 17 (100) 0.001
Serositis 3 (14.3) 6 (35.3) 0.25
Pneumonitis 0 (0) 7 (41.2) 0.002

Progress
ICU admission 2 (9.5) 9 (52.9) 0.005
Relapse 13 (61.9) 6 (35.3) 0.33
Death 2 (9.5) 9 (52.9) 0.005

Leukopenia (<3400/mm3) 14 (66.7) 11 (64.7) 1.0
Anemia (<10.0 g/dL) 17 (80.9) 8 (47.1) 0.04
Thrombocytopenia (<100,000/mm3) 18 (85.7) 13 (76.5) 0.68
Elevated ESR (>25 mm/h) 17 (80.9) 5 (29.4) 0.003
Elevated CRP(>0.8 mg/dL) 21 (100) 14 (82.4) 0.08
Elevated AST (>40 U/L) 18 (85.7) 15 (88.2) 1.0
Elevated ALT (>41 U/L) 11 (52.4) 13 (76.5) 0.18
Hypoalbuminemia (<3.5 mg/dL) 13 (61.9) 8 (47.1) 0.74
Hyperbilirubinemia (>1.2 mg/dL) 3 (14.3) 6 (35.3) 0.25
Hyperferritinemia (>150 ng/mL) 21 (100) 14 (82.4) 0.08
Hyperferritinemia (>1000 ng/mL) 16 (76.2) 14 (82.4) 0.71
Hyperferritinemia (>5000 ng/mL) 13 (61.9) 6 (35.3) 0.19
Elevated LDH (>200 U/L) 14 (66.7) 13 (76.5) 1.0
Hypofibrinogenemia (<150 mg/dL) 0/5 (0) 2/8 (25) 0.49
Hypertriglyceridemia (>180 mg/dL) 4/6 (66.7) 4/7 (57.1) 1.0
Treatment

NSAIDs 14 (66.7) 4 (23.5) 0.1
Steroids 20 (95.2) 16 (94.1) 1.0
Azathioprine 6 (28.6) 0 (0) <0.001
Methotrexate 9 (42.9) 0 (0) <0.001
IVIG 8 (38.1) 3 (17.6) 0.45
Anti-TNF agents 1 (4.8) 0 (0) 1.0
Cyclosporine 0 (0) 9 (52.9) <0.001
Etoposide 0 (0) 9 (52.9) <0.001
Antibiotics 6 (28.6) 17 (100) 0.008

ALT¼ alanine aminotransferase, AOSD¼ adult-onset Still disease, AST¼ aspartate aminotransferase, CRP¼C-reactive protein,
ESR¼ erythrocyte sedimentation rate, HLH¼ hemophagocytic lymphohistiocytosis, ICU¼ intensive care unit, IVIG¼ intravenous immunoglobulin,

y dr
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rapid correction of severe thrombocytopenia (<50,000/mm3).
On the basis of the increase in serum TNF-a levels in RHS
patients, anti-TNF agents can be used for the treatment of
AOSD patients with RHS.38,39 In the present study, etanercept
was used in 1 patient because of steroid resistance, and the
patient recovered without any side effects. However, cyclos-
porine, etoposide, and high-dose steroids were used as the main
chemotherapy agents in HLH patients (47.1%). Furthermore,

LDH¼ lactate dehydrogenase, NSAIDs¼ nonsteroidal anti-inflammator
factor.
more than half of the HLH patients (52.9%) died although
aggressive chemotherapy and prophylactic antibiotics were
used.

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
Our study has several potential limitations. Data were
collected retrospectively; therefore, some data may be missing
and some laboratory findings were not available in few patients.
Moreover, a potential bias may exist because all the clinical and
laboratory data were collected from a single center. However,
our study has the largest sample size to date and included 2
control groups such as AOSD patients without RHS and HLH
patients without systemic autoimmune diseases.

ugs, RHS¼ reactive hemophagocytic syndrome, TNF¼ tumor necrosis
In conclusion, RHS can be considered when an AOSD
patient shows at least 2 of the following 3 findings: low platelet
count (<121,000/mm3), anemia, and hepatomegaly. Diagnostic
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confirmation by biopsy may not be essential if typical clinical
and laboratory findings of RHS are reported. Although RHS is a
life-threatening complication of AOSD, long-term prognosis is
found to be similar in AOSD patients with and without RHS.
Moreover, prognosis of HLH diagnosed by the presence of
trilineage cytopenia at admission is worse than that of RHS.
Further studies in larger populations are required to confirm our
results on the diagnosis of RHS in AOSD patients.
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