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Abstract. — BACKGROUND: Hemophagocyt-
ic lymphohistiocytosis (HLH), is a potentially fa-
tal hyperinflammatory syndrome characterized
fever, hepatosplenomegaly, and cytopenias. HLH
can be either primary, with a genetic aetiology,
or secondary, associated with malignancies, au-
toimmune diseases, or infections. Among
rheumatic disorders, HLH occurs most frequent-
ly in systemic juvenile idiopathic arthritis.

AIM: To draw attention on this severe syn-
drome that may often go undiagnosed in patient
with rheumatic diseases.

MATERIALS AND METHODS: PubMed search
was performed by combining the terms
(haemophagocytic, haemophagocytosis, hemo-
phagocytosis, hemophagocytic, erythrophagocy-
tosis, macrophage activation syndrome) and
(rheumatic, rheumatologic, arthritis, lupus, Sj6-
gren’s syndrome, scleroderma, polymyositis, der-
matomyositis, polymyalgia rheumatic, mixed con-
nective tissue disease, polychondritis, sarcoido-
sis, polyarteritis nodosa, Henoch-Schdnlein,
serum sickness, wegener’s granulomatosis, giant
cell arteritis, temporal arteritis, Takayasu’s arteri-
tis, Behcget’s syndrome, Kawasaki, Buerger’s).

RESULTS: 117 papers describing 421 patients
were considered. HLH was described in systemic
lupus erythematosus in 94 patients, in Still’s dis-
ease in 37 patients, in rheumatoid arthritis in 13
patients, in systemic juvenile arthritis in 219 pa-
tients, in dermatomyositis in 7 patients, in
Kawasaki disease in 25 patients, in systemic scle-
rosis in 5 patients, in Behcet disease in one pa-
tient, in polyarteritis nodosa in 6 patients, in anky-
losing spondylitis in 2 patients, in mixed connec-
tive tissue disease in one patient, in sarcoidosis
in 5 patients, in Sjégren’s syndrome in 3 patients,
in Wegener's granulomatosis in one patient, and
in unclassifiable disorders in two patients.

CONCLUSIONS: HLH occurring in the course
of rheumatic diseases is an important and often
underdiagnosed clinical entity, which can affect
prognosis.

Key Words:
Hemophagocytic lymphohistiocytosis (HLH),
Zoonoses, Developing countries, Epidemiology, Review.

Introduction

Rheumatic diseases are frequent chronic con-
ditions that impose a great burden to society in
terms of losses in quality of life and cumbersome
dependency'. Although they are considered be-
nign diseases as a whole, some rheumatic dis-
eases may nevertheless be mortal, especially
those characterized by severe inflammation?.

Hemophagocytic lymphohistiocytosis (HLH),
is a potentially fatal hyperinflammatory syn-
drome that is characterized by histiocyte prolifer-
ation and hemophagocytosis. The most typical
presenting signs and symptoms are fever, he-
patosplenomegaly, and cytopenias. Less frequently
observed clinical findings are neurological symp-
toms, lymphadenopathy, edema, skin rash, and
jaundice**. Common laboratory findings include
hypertriglyceridemia, hyperferritinemia, a coagu-
lopathy with hypofibrinogemia, and elevated
aminotransferases®>*. However, HLH should be di-
agnosed using clinical criteria developed by the
Study Group of the Histiocyte Society (Table I)>.
Two forms of the syndrome have been well charac-
terized: a familial HLH and secondary HLH. The
diagnosis of familial HLH requires either a positive
family history of HLH or the presence of genetic
mutations, such as perforin gene mutations’.

The pathogenesis is poorly understood. How-
ever, the strong link between systemic inflam-
matory syndrome response and haemophagocy-
tosis coupled with peripheral T-cell expansion
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Table 1. HLH 2004 Diagnostic criteria (modified from ref.>).

1. A molecular diagnosis consistent with HLH

* Fever
e Splenomegaly

— Platelets < 100.000/ml

— Neutrophils < 1000/ml

Hypertriglyceridemia and/or hypofibrinogenemia:
— Fasting triglycerides = 265 mg/dl

— Fibrinogen < 1.5 g/LL

Low or absent NK-cell activity
Ferritin = 500 pg/l
Soluble CD25 = 2400 U/L

Comments:

aspirates over time may also be helpful

tis (biopsy)

HDL |

The diagnosis of HLH can be established if one of either 1 or 2 below is fulfilled:

2. Diagnostic criteria for HLH are fulfilled (five out of the eight criteria below):

» Cytopenias (affecting = 2 lineages in the peripheral blood):
— Hemoglobin < 90 g/l (in infants < 4 weeks: hemoglobin < 100 g/

Hemophagocytosis in bone marrow or spleen or lymphnodes

1. If hemophagocytic activity is not proven at the time of presentation, further search for hemophagocytic activity is en-
couraged. If the bone marrow specimen is not conclusive, material may be obtained from other organs. Serial marrow

2. The following findings may provide strong supportive evidence for the diagnosis: (1) spinal fluid pleocytosis (mononu-
clear cells) and/or elevated spinal fluid protein, (2) histological picture in the liver resembling chronic persistent hepati-

3. Other abnormal clinical and laboratory findings consistent with the diagnosis are: cerebromeningeal symptoms, lymph
node enlargement, jaundice, edema, skin rash. Hepatic enzyme abnormalities, hypoproteinemia, hyponatremia, VLDL 1,

and deficient natural killer (NK) activity often
found in patients with HLH strongly supports
the hypothesis of a defective regulation in the
inflammatory and immune response®. Thus, as
in infection-associated hyperinflammatory syn-
dromes activation of receptors and cells of the
innate immunity system is likely to play a major
role in HLH*'2,

Secondary HLH, called also macrophage acti-
vation syndrome (MAS), may develop at any age
and can occur during systemic infection, immun-
odeficiency or malignancy*'*. Among rheumatic
disorders, MAS occurs most frequently in sys-
temic juvenile idiopathic arthritis (sJIA). In sJIA,
MAS belongs to the clinical picture of disease
being present in subclinical form in 30-40% of
patients, whereas the overt form occurs in 10-
20%". Moreover, in patients with sJIA, several
mutations possibly related to HLH have been re-
cently reported!®!”. However, application of the
HLH-2004 protocol to MAS/HLH secondary to
sJIA may be imperfect. In fact, the clinical fea-
tures of MAS/HLH secondary to sJIA, may dif-
fer from those seen in other forms of HLH'S.

In addition, in recent years this syndrome has
been increasingly reported in patients with juvenile
systemic lupus erythematosus (SLE)"2*22 Still’s
disease?!'* and other rheumatic disorders®!>*%.

Because HLH is a serious condition that can
follow a rapidly fatal course, its prompt recogni-
tion is imperative®®. The purpose of this system-
atic review is to draw attention on this severe
syndrome that may often go undiagnosed in pa-
tient with rheumatic diseases.

Literature Review

PubMed search of human cases of HLH occurring
during rheumatic diseases was performed by com-
bining the terms (haemophagocytic, haemophagocy-
tosis, hemophagocytosis, hemophagocytic, ery-
throphagocytosis, macrophage activation syndrome)
and (rheumatic, rheumatologic, arthritis, lupus, Sjo-
gren’s syndrome, scleroderma, polymyositis, der-
matomyositis, polymyalgia rheumatic, mixed con-
nective tissue disease, polychondritis, sarcoidosis,
polyarteritis nodosa, Henoch-Schénlein, serum sick-
ness, Wegener’s granulomatosis, giant cell arteritis,
temporal arteritis, Takayasu’s arteritis, Behcet’s syn-
drome, Kawasaki, Buerger’s) for the period January
1990 to August 2012. References were also checked
for relevant articles, including review papers. A study
was considered eligible for inclusion in the systemat-
ic review if it reported data on patients with rheumat-
ic diseases who had microscopic signs of
haemophagocytosis and/or fulfilled the diagnostic
criteria of Study Group of the Histiocyte Society.
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Results

The PubMed search identified 580 papers.
Duplicate publications or paper not reporting
clinical cases were excluded. After scrupulous
analysis, 117 papers describing 421 patients
were further evaluated. These papers have been
categorized on the basis of rheumatic diseases

and are listed in Table II together with a brief
comment. HLH was described in systemic lupus
erythematosus (SLE) (94 patients)!*233157 Still’s
disease (37 patients)?-*>3873 rheumatoid arthritis
(RA) (13 patients)*>7+83 gystemic juvenile arthri-
tis (S-JRA) (219 patients)!32230314884102 dermato-
myositis (7 patients)*!%-1% Kawasaki disease (25
patients)?>#810-123 " gystemic sclerosis (SSc) (5 pa-

Table II. Papers describing cases of HLH in the course of rheumatic diseases.

Systemic
disease

References and note cases

N° parer/

woman, 3 weeks after parturition
Still’s disease

adalimumab, histoplasmosis.

S-JRA

Dermatomyositis

107.1086() year old male.

Kawasaki
disease

SLE PRetrospective study, 15 cases; *Retrospective study, 15 patients; *'retrospecive study, 32 94
14 cases; *’retrospective study, 19 children; *'retrospective, 2 children; 23 cases;
32]8-year old female, lupus mesenteric vasculitis, EBV reactivation;

336 year-old woman; **3antiphospholipid antibodies; *3"21-year-old man, HLH and
SLE simultaneously; $34°58-year-old female, interstitial pneumonia, CMV.
Gancyclovir resolved the pancytopenia, pneumonia, and fever; 41 non-Hodgkin’s
lymphoma; **#%#35-year-old woman, Graves’ disease, parvovirus B19;

4328-year-old woman; “¢38-year-old woman; “EBV lupus nephritis; *%4°44-year-old
woman, corticosteroid and cyclophosphamide, lupus nephritis, CMV colitis;

S9CM V-induced hemophagocytic syndrome and colitis; >'*Successful use of
etanercept; 3>*Successful use of infliximab; >>pregnant patient, preeclampsia cerebral
hemorrhage; 2 cases, one after parturition, the other after abortion; ’33-year-old

8 Adult patient, interstitial pneumonia with pneumomediastinum/recurrent 18 37
pneumothorax; *°49-year-old woman; %°8-year-old child, acute respiratory failure,

coagulopathy ®'after initiation of sulfasalazine; >2 cases; %46-year old woman,

high-dose steroid treatment; “CMYV; %50-year-old female, steroids and antimalarial

drugs; ®six patients, one death due to pneumonia, one etanercept; >'retrospective

study 4 cases; ZPretrospective study 4 cases; 7-%after initiation of etanercep;

016-year-old female successful use of etanercept; 7'8 patients, successful use of

infliximab in 2 cases; ?adult, liver transplant recipient; *after initiation of

RA 475 After initiation of infliximab; "after initiation of etanercept; 776-year-old man, 112 13
oral prednisolone and methotrexate; "*leflunomide; 73%8163-year-old female;

retrospecive study 2 cases; Pone case; $2visceral leishmaniasis; 62-year-old

Japanese woman successfully treated with etanercept

8Hypocomplementemia 3 cases; *’retrospective study, '°2 children ¥4 patients; 23 219
864887misdiagnosed as Kawasaki disease; #12 year old female child, fatal; #child

after etanercept; **3°38 children; °''3 children; °>939 children, etanercept

potentially useful for obtaining remission in children not responding to steroids and

cyclosporin A; *13-month-old boy; *five children; *'4 children; "Occult MAS

in patients who undergo BMA; %7 cases in retrospective study; 3'retrospective,

18 children; *’hepatitis A- report of 2 cases; ***after initiation of etanercept;

Wsuccessfully treated with etanercept; '°1successfully treated with anakinra.

183Central nervous system lesions and review eight literature cases of dermatomyositis 7 7
and HLH; ?*17-year-old woman, fatal dermatomyositis with anti-Mi2 antibodies;

1041057 years old boy, plasmapheresis; '“platelet-specific hemophagocytosis;

109253 _year-old girl with incomplete Kawasaki disease; ''°6-year-old boy; 17 25
Hretrospective study 7 cases; !'218-month-old child, respiratory failure, fatal;

31152 cases; 1%4811autoimmune hemolytic anemia; ''*32-month-old

Japanese boy; 12 cases; 12°14-year-old boy; ?!1225-year-old girl, response to

gamma-globulin therapy, ischemic colitis; '?*infant of 7 weeks after clinical

response to treatment, suddenly died from a myocardial infarction at 11 weeks.

Table Continued
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Table Il (Continued). Papers describing cases of HLH in the course of rheumatic diseases.

Systemic N° parer/
disease References and note cases
SSc 2 After initiation of etanercept; **MPO-ANCA positive vasculitis; *'retrospecive 5 5

study 1 case; '»33-year-old woman, etoposide; 2632-year-old woman
Behcet disease ¥43-year-old man, EBV 1 1
Polyarteritis 273-year-old woman, EBV reactivation; ?'retrospecive study 2 cases; 4 6
nodosa retrospective, 2 children'®
Ankylosing 128 Ankylosing spondylitis, infliximab; '°42-year-old woman 2 2
spondylitis
Mixed 2IRetrospecive study 1 case; 1 1
connective
tissue disease
Sarcoidosis 2IRetrospecive study 1 case; **!3142-year-old Indian patient with a 7-year-history, 5 5
of sarcoidosis miliary tuberculosis, steroid, fatal; 1*>!**chronic steroid treatment,
Histoplasma capsulatum
Sjogren’s 2IRetrospecive study 1 case; **one case; Pone case 3 3
syndrome
Wegener’s 2 Azathioprine, prednisone, disseminated infection with herpes simplex virus-1. 1 1
granulomatosis
Unclassifiable 3IRetrospective, 2 children 1 2
disorders

RA = Rheumatoid arthritis; SLE = Systemic lupus erythematosus; S-JRA = Systemic juvenile arthritis; SSc = Systemic sclerosis.

tients)?!26 124126/ Behcet disease (one patient)*’, pol-
yarteritis nodosa (6 patients)?!?831:127 ankylosing
spondylitis (2 patients)'?!?°, mixed connective tis-
sue disease (one patient)?!, sarcoidosis (5 pa-
pers)’1130133 " Siseren’s syndrome (3 patients)!23134,
Wegener’s granulomatosis (one patient)”, and un-
classifiable disorders (two patients)?!.

Active infection was clearly reported in 16
cases of HLH: (4 CMV#049:5064 " 4 FRV?27:28.3247
one HSV-1%, one parvovirus B19*%, two hepatitis
A%, one miliary tubercolosis!?, 2 histoplasmo-
sis”>133, one visceral leishmaniasis®’>. An active
infection triggered or was a concause of HLH in
5/94 cases of SLE, 2/37 cases of Still’s disease,
1/13 cases of RA, 1/1 case of Behcet disease, 1/2
cases of polyarteritis nodosa, 2/5 of sarcoidosis,
and 1/1 case of Wegener’s granulomatosis.

In 20 cases HLH might have been triggered by
immunosuppressive treatment of the rheumatic
condition, including adalimumab’?, inflix-
imab74,75,128, etanercept26’66’68’69’76’83’89’98’99, lefluno-
mide’8, sulfasalazine®!, azathioprine®’, methotrex-
ate’”’. Other possible triggers/cofactors were non-
Hodgkin’s lymphoma*!, and antimalarial drugs®.

Of note, in 18 cases biologicals were used for
HLH treatment including infliximab in three cas-
es>* etanercept in 13 cases’'9270931% and anakinra
in two cases!*1%2,

Among SLE patients, HLH occurred in 2 cas-
es after parturition, in 1 case after abortion and in
1 pregnant patient causing preeclampsia and
cerebral hemorrhage7.

Discussion

Secondary HLH is a rare but potentially fatal
condition associated with infections, transplanta-
tion, cancers, and treatment of a variety of condi-
tions including cancer and HIV/AIDS. Infections
are the most common. Our Medline search iden-
tified 421 well-documented cases of HLH occur-
ring in the course of rheumatic diseases.

Our review suggests that secondary HLH is more
common than previously recognized, and demon-
strates how HLH can complicate the course of not
only S-JRA, with which it may be constitutively as-
sociated, but also of virtually any rheumatic dis-
ease. Parodi et al. proposed new diagnostic guide-
lines for juvenile SLE indicating that bone marrow
aspiration for evidence of macrophage hemophago-
cytosis may be required in doubtful cases™.

HLH should be recognized as a severe, poten-
tially life-threatening complication of rheumatic
diseases. Since HLH has a mortality rate of 8% to
22%3', early diagnosis and immediate treatment
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are crucial. In patients with systemic-onset JRA or
SLE, HLH needs to be differentiated from an acute
exacerbation of the underlying disease through
clinical and laboratory findings. Diagnosis of HLH
in systemic-onset JRA and SLE is compounded by
the fact that some of the typical features, such as
fever, splenomegaly, and anemia, are also seen in
active systemic-onset JRA and during acute exac-
erbation of SLE. Other important conditions to
consider in differential diagnosis include infections
and adverse effects of medications.

A number of triggers have been related to the
development of HLH, including viral infectious
agents, in particular EBV and CMYV, bacteria,
parasites (leishmaniasis), fungi, and also medica-
tions, such as methotrexate, sulfasalazine, and
anti-TNF-a (etanercept, infliximab)'35-142, How-
ever, HLH may occur without any identifiable
precipitating factor. Although the cause of the
HLH is unknown, dysregulation of macrophage-
lymphocyte interactions with subsequent increas-
es in the levels of both T-cell-derived and
macrophage- derived cytokines, particularly
TNF-a, interleukin (IL)-1, IL-6, interferon gam-
ma (IFN-y), soluble IL-2 receptor (sIL-2R), and
soluble TNF receptors (sTNFRs), could be in-
volved in this syndrome'*. Such dysregulation
leads to an intense systemic inflammatory reac-
tion. Our data shown that S-JRA and SLE pre-
dominated among the rheumatic disease compli-
cated by HLH. In patients with S-JRA it was pro-
posed that severely reduced expression of per-
forin on CD8 T cells and natural killer (NK)
cells, abnormal granzyme B expression, and low
NK cell activity are linked with increased inci-
dence of HLH!**. SLE is an immunologically
mediated disease; therefore either an immune
complex-mediated or an autoantibody-mediated
mechanism could participate in the pathogenesis
of MAS. Other evidence suggests that cytokines,
including IL-1b, IL-2, IFN-y, IL-6, M-CSF
(macrophage colony-stimulating factor), and
TNF-a., play important roles in the pathogenesis
of MAS associated with SLE, systemic sclerosis
with vasculitis, and Kawasaki disease:!18:124145,

Although an abnormal immunoregulation of T
cells resulting in hypercytokinemia has been pro-
posed to contribute to the pathogenesis of HLH,
the type of cytokine involved could depend on the
underlying disease. Recently, other abnormalities
have been demonstrated, including extensive ex-
pression of the hemoglobin scavenger receptor
(CD163) in an SLE patient with HLH and a severe
IL-18/ IL-18BP imbalance in HLH secondary to

1418

other conditions. Expression of CD163 and deter-
mination of serum levels of soluble CD163 have
been found to be useful clinical markers of HLH
and other disorders associated with overwhelming
macrophage activity*>!*¢ while IL-18/IL-18BP im-
balance may result in Th-1 lymphocyte and
macrophage activation, which escapes control by
NK-cell cytotoxicity and may allow for secondary
HLH in patients with underlying diseases'#"15.

Our data showed 20 cases in which HLH ap-
peared triggered by anti-TNF-a treatment, it is a
paradox, in fact as TNF-a seems to have a piv-
otal role in HLH and the use of inhibitors of
TNF-a to treat this syndrome has been pro-
posed!®* (notably, we found 18 cases in which
biological were used in the treatment of HLH).

It is possible that immunosuppression induced
by anti-TNF-a treatment may favor the occurrence
of serious infections leading, in turn, to HLH.

Furthermore, it should stressed that the identi-
fication of hemophagocytosis in bone marrow as-
pirate (BMA) represents only one of 5/8 criteria
needed for the diagnosis of HLH. Gupta et al'¥’
pointed out that the number of hemophagocytosis
at initial BMA is often low and variable, con-
firming that a BMA lacking hemophagocytosis
does not rule out the diagnosis of HLH. Further-
more, a diagnosis of primary HLH should always
be excluded. In fact, with improved molecular di-
agnostics it is recognized that cases of adult on-
set HLH that had previously been considered
secondary may represent a primary HLH with
underlying mutation in the PFR1 gene!%!5!,

Treatment of HLH in patients with rheumatic
diseases has not been standardized yet, but it
commonly includes a variety of agents such as
corticosteroids, cyclosporine A, intravenous im-
munoglobulins, etoposide, cyclophosphamide,
anti-TNF-a, methotrexate, G-CSF (granulocyte
colony-stimulating factor), and in some cases
plasmaphereis. Infectious causes should be treat-
ed promptly along with administering supportive
care. Treatment should be started without delay,
yet it should be kept in mind that the use of im-
munosuppression may further delay the diagno-
sis and definitive treatment

Conclusions

HLH occurring in the course of rheumatic dis-
eases is an important and often underdiagnosed
clinical entity, which can affect prognosis. Physi-
cians must keep the symptoms of HLH in mind,



Haemophagocytic syndrome in rheumatic patients. A systematic review

particularly because it is difficult to distinguish
HLH symptoms from those of several rheumatic
disease. A triggering infective cause should be al-
ways accurately searched and antinfective treat-
ment started in the case of active infection.

10)

11)

References

LozA E, ABasoLo L, Jover JA, CARMONA L. Burden of
disease across chronic diseases: a health survey
that measured prevalence, function, and quality of
life. J Rheumatol 2008; 35: 159-165.

GABREEL SE, MicHAUD K. Epidemiological studies in
incidence, prevalence, mortality, and comorbidity
of the rheumatic diseases. Arthritis Res Ther
2009; 11: 229.

ARICO M, JANKA G, FISCHER A, HENTER JI, BLANCHE S,
EULNDER G, MARTINETTI M, Rusca MP Hemophagocytic
lymphohistiocytosis. Report of 122 children from the
International Registry. FHL Study Group of the Histi-
ocyte Society. Leukemia 1996; 10: 197-203.

Janka GE. Familial hemophagocytic lymphohistio-
cytosis. Eur J Pediatr 1983; 140: 221-230.

GuPTA S, WEmzmaN S. Primary and secondary he-
mophagocytic lymphohistiocytosis: clinical fea-
tures, pathogenesis and therapy. Expert Rev Clin
Immunol 2010; 6: 137-154.

HENTER JI, HORNE A, ARICO M, EGELER RM, FiLiPOVICH
AH, IMAsHUKU S, LapiscH S, McCLaIN K, WEBB D,
Winiarski J, Janka G. HLH-2004: Diagnostic and
therapeutic guidelines for hemophagocytic lym-
phohistiocytosis. Pediatr Blood Cancer 2007; 48:
124-131.

HenTer JI. Biology and treatment of familial hemo-
phagocytic lymphohistiocytosis: importance of
perforin in lymphocyte-mediated cytotoxicity and
triggering of apoptosis. Med Pediatr Oncol 2002;
38: 305-309.

Komp DM, BuckLey PJ, McNAMARA J, VAN HOFF J.
Soluble interleukin-2 receptor in hemophagocytic
histiocytoses: searching for markers of disease
activity. Pediatr Hematol Oncol 1989; 6: 253-264.

Bionpo C, MALARA A, CosSTA A, SIGNORINO G,
CArDILE F, MiDIRI A, GALBO R, PAPASERGI S, DOMINA
M, PuGLIESE M, TeTl G, MANcuso G, BENINATI C.
Recognition of fungal RNA by TLR7 has a
nonredundant role in host defense against ex-
perimental candidiasis. Eur J Immunol 2012;
doi: 10.1002/eji.201242532.

CARDACI A, PAPASERGI S, MIDIRI A, MANCUsSO G, Dowmi-
NA M, CAriccio VL, MANDANICI F, GALBO R, LO PAssoO
C, PernNICE I, DoNnaTO R Rical S, Bionbo C, Ten G, Fe-
uct F BeninaTi C. Protective activity of Streptococ-
cus pneumoniae Spr1875 protein fragments iden-
tified using a phage displayed genomic library.
PLoS One 2012; 7: e36588.

CostA A, GUPTA R, SIGNORINO G, MALARA A, CARDILE F,

Bionpo C, MiDiRl A, GALBO R, TRIEU-CUOT P PAPASERGI
S, Ten G, HENNEKE P MANcuso G, GOLENBOCK DT,

12)

13)

14)

15)

16)

17)

18)

19)

20)

21)

22)

BenINATI C. Activation of the NLRP3 inflamma-
some by group B streptococci. J Immunol 2011;
188: 1953-1960.

Bionbo C, SIGNORINO G, CostA A, MiDIRI A, GERACE
E, GALBO R, BELLANTONI A, MALARA A, BENINATI C, TETI
G, Mancuso G. Recognition of yeast nucleic acids
triggers a host-protective type | interferon re-
sponse. Eur J Immunol 2011; 41: 1969-1979.

RISDALL RJ, BRUNNING RD, HERNANDEZ JI, GORDON
DH. Bacteria-associated hemophagocytic syn-
drome. Cancer 1984; 54: 2968-2972.

JANKA G, IMASHUKU S, ELINDER G, SCHNEIDER M, HEN-
TerR JI. Infection- and malignancy-associated he-
mophagocytic syndromes. Secondary hemo-
phagocytic lymphohistiocytosis. Hematol Oncol
Clin North Am 1998; 12: 435-444.

BEHRENS EM, BEUKELMAN T, PAESSLER M, CrRoN RQ.
Occult macrophage activation syndrome in pa-
tients with systemic juvenile idiopathic arthritis. J
Rheumatol 2007; 34: 1133-1138.

VASTERT SJ, VAN WuK R, D'UrRBANO LE, DE VOOGHT
KM, DE JAGER W, RAVELLI A, MAGNI-MANZONI S, INSALA-
co A, Cortis E, VAN SOLINGE WW, PrRAKkeN BJ, Wulf-
fraat NM, de Benedetti F, Kuis W. Mutations in the
perforin gene can be linked to macrophage acti-
vation syndrome in patients with systemic onset
juvenile idiopathic arthritis. Rheumatology (Ox-
ford) 2010; 49: 441-449.

YANAGIMACHI M, GoTto H, MivaMAE T, KADOTA K, IMA-
GAWA T, Morl M, SATO H, YANAGISAWA R, KANEKO T,
MorRITA S, IsHIl E, YokoTA S. Association of IRF5
polymorphisms with susceptibility to hemophago-
cytic lymphobhistiocytosis in children. J Clin Im-
munol 2011; 31: 946-951.

RAVELLI A, GRoM AA, BEHRENS EM, CroN RQ.
Macrophage activation syndrome as part of sys-
temic juvenile idiopathic arthritis: diagnosis, ge-
netics, pathophysiology and treatment. Genes Im-
mun 2012; 13: 289-298.

LamBoTTE O, KHELLAF M, HARMOUCHE H, BADER-MEUNIER
B, MANCERON V., GouJARD C, AMOURA Z, GODEAU B,
PieTTe JC, DELFRAISSY JF. Characteristics and long-term
outcome of 15 episodes of systemic lupus erythe-
matosus-associated hemophagocytic syndrome.
Medicine (Baltimore) 2006; 85: 169-182.

Kim JM, Kwok SK, Ju JH, Kim HY, Park SH. Reactive
hemophagocytic syndrome in adult Korean pa-
tients with systemic lupus erythematosus: a case-
control study and literature review. J Rheumatol
2012; 39: 86-93.

DHOTE R, SiMON J, PAPO T, DETOURNAY B, SAILLER L, AN-
DRE MH, DupPonD JL, LARROCHE C, PIETTE AM, MECHEN-
sTock D, Ziza JM, ARLAUD J, LABUSSIERE AS, DESVAUX A,
BATY V, BLANCHE P ScHAEFFER A, PIETTE JC, GUILLEVIN L,
BoissoNNAs A, CHRISTOFOROV B. Reactive hemo-
phagocytic syndrome in adult systemic disease: re-
port of twenty-six cases and literature review. Arthri-
tis Rheum 2003; 49: 633-639.

BENNETT TD, FLucHeL M, HEersH AO, HAvywArD KN,
HEersH AL, BROGAN TV, SRIVASTAVA R, STONE BL, Kor-
GENSKI EK, MUNDORFF MB, CAsPER TC, BRATTON SL.

1419



M. Atteritano, A. David, G. Bagnato, C. Beninati, A. Frisina, C. laria, G. Bagnato, A. Cascio

23)

24)

25)

26)

27)

28)

29)

30)

31)

32)

33)

34)

Macrophage activation syndrome in children with
systemic lupus erythematosus and juvenile idio-
pathic arthritis. Arthritis Rheum 2012.

SUN XH, ZHENG WJ, ZHANG W, ZHAoO Y. [A clinical
analysis of hemophagocytic syndrome in autoim-
mune diseases]. Zhonghua Nei Ke Za Zhi; 49:
836-840.

MADAULE S, PorTe L, CoureT B, ArLeT-Suau E. Fatal
haemophagocytic syndrome in the course of der-
matomyositis with anti-Mi2 antibodies. Rheuma-
tology (Oxford) 2000; 39: 1157-1158.

SUResH N, SANKAR J. Macrophage activation syn-
drome: a rare complication of incomplete
Kawasaki disease. Ann Trop Paediatr 2010; 30:
61-64.

STERBA G, STERBA Y, STEMPEL C, BLANK J, AZOR E,
Gowmez L. Macrophage activation syndrome in-
duced by etanercept in a patient with systemic
sclerosis. Isr Med Assoc J 2010; 12: 443-445.

Lee SH, Kim SD, Kim SH, Kim HR, OH EJ, YooN CH,
Kim HY, Park SH. EBV-associated haemophagocyt-
ic syndrome in a patient with Behcet's disease.
Scand J Rheumatol 2005; 34: 320-323.

HAYAKAWA |, SHIRASAKI F, IKEDA H, OisHI N, HASEGAWA
M, Sato S, TAKeHARA K. Reactive hemophagocytic
syndrome in a patient with polyarteritis nodosa
associated with Epstein-Barr virus reactivation.
Rheumatol Int 2006; 26: 573-576.

CusINt A, GUNTHARD HF, Stussi G, ScHwARz U, FEHR T,
GRUETER E, MEERBACH A, BOSSART W, SCHAER DJ, RuDI-
GER A. Hemophagocytic syndrome caused by pri-
mary herpes simplex virus 1 infection: report of a
first case. Infection 2010; 38: 423-426.

PAroDI A, DAVI S, PRINGE AB, PisTorRIO A, RUPERTO N,
MAGNI-MANZONI S, MIETTUNEN P BADER-MEUNIER B, Es-
PADA G, STERBA G, OzEN S, WRIGHT D, MAGALHAES CS,
KHUBCHANDANI R, MicHELS H, Woo P IGLEsIAs A, Gu-
SEINOVA D, BRAcAGLIA C, HAYWARD K, WOUTERs C,
GRrROM A, VIVARELLI M, FISCHER A, BREDA L, MARTINI A,
RaveLLl A. Macrophage activation syndrome in ju-
venile systemic lupus erythematosus: a multina-
tional multicenter study of thirty-eight patients.
Arthritis Rheum 2009; 60: 3388-3399.

STEPHAN JL, KONE-PAUT I, GALAMBRUN C, Mouy R, BAD-
ER-MEUNIER B, PRIEUR AM. Reactive haemophagocyt-
ic syndrome in children with inflammatory disor-
ders. A retrospective study of 24 patients.
Rheumatology (Oxford) 2001; 40: 1285-1292.

MoonN SJ, Kwok SK, PARk KS, Kim WU, PArRK SH, Kim
HY. Simultaneous presentation of hemophagocyt-
ic syndrome and mesenteric vasculitis in a patient
with systemic lupus erythematosus. Mod
Rheumatol 2011; 21: 330-333.

BoteLHO C, FERRER F FrRANCISCO L, MAIA P MENDES T,
CARREIRA A. Acute lupus hemophagocytic syn-
drome: report of a case. Nefrologia 2009; 30: 247-
251.

MAEsSHIMA E, KoBAvasHI T, MUNE M, YukawA S. Sys-
temic lupus erythematosus with haemophagocy-
tosis and severe liver disorder. Ann Rheum Dis
2002; 61: 753-754.

1420

35)

36)

37)

38)

39)

40)

41)

42)

43)

44)

45)

46)

47)

NAwWATA M, Suzuki J, IKeEDA K, ANDO S, KOIKE M, SEKI-
GAWA |, IbDA N, WADA R, MATsumoTto M, OsHimI K,
HasHimoto H. Haemophagocytic syndrome in a
systemic lupus erythematosus patient with an-
tiphospholipid antibodies. Rheumatology (Oxford)
2001; 40: 828-829.

CARVALHEIRAS G, ANJO D, MENDONCA T, VVASCONCELOS
C, FARINHA F. Hemophagocytic syndrome as one
of the main primary manifestations in acute sys-
temic lupus erythematosus--case report and liter-
ature review. Lupus 2010; 19: 756-761.

TAKkI H, SHINODA K, Hounokl H, OGAWA R, HAYASHI R,
SuGivama E, Toge K. Presenting manifestations of
hemophagocytic syndrome in a male patient with
systemic lupus erythematosus. Rheumatol Int
2010; 30: 387-388.

Koseto M, Murakami A, TATEKAWA T, Fuin T, Suzuki T.
[Hemophagocytic syndrome in a patient with sys-
temic lupus erythematosus]. Nihon Naika Gakkai
Zasshi 2001; 90: 696-698.

TAKAHASHI K, KUMAKURA S, ISHIKURA H, MURAKAWA Y,
YAmAucH! Y, KoBavasHi S. Reactive hemophagocyto-
sis in systemic lupus erythematosus. Intern Med
1998; 37: 550-553.

TANAKA Y, SEO R, NAGAal Y, Morl M, Tocami K, Fuirma
H, KUrRATA M, MATSUSHITA A, MAEDA A, NAGAI K,
Kotani H, TAkaHAsHI T. Systemic lupus erythemato-
sus complicated by cytomegalovirus-induced he-
mophagocytic syndrome and pneumonia. Nihon
Rinsho Meneki Gakkai Kaishi 2008; 31: 71-75.

JErRemiC |, DorDEVIC-KONTIC S, NikoLiCc M, SEFIK-BUKILI-
cA M, Vusasinovic-STUPAR N, BoNac-NikoLic B. Sys-
temic lupus erythematosus progressing to non-
Hodgkin's lymphoma complicated by fatal hemo-
phagocytic syndrome: case report. Acta Derma-
tovenerol Croat 2012; 20: 21-26.

McCanN LJ, HassoN N, PikingToN CA. Macrophage
activation syndrome as an early presentation of
Lupus. J Rheumatol 2006; 33: 438-440.

OkADA M, Suzuki K, HIDAKA T, SHINOHARA T, KATAHARA-
DA K, MATsumoTo M, TAKADA K, OHsuzu F. Hemo-
phagocytic syndrome in systemic lupus erythe-
matosus. Intern Med 2001; 40: 1263-1264.

Sakal H, OtsuBo S, Miura T, lizuka H. Hemophago-
cytic syndrome presenting with a facial erythema
in a patient with systemic lupus erythematosus. J
Am Acad Dermatol 2007; 57: S111-114.

RomANOU V, HATzINIKOLAOU P MAVRAGANI KI, MELETIS
J, VaiorouLos G. Lupus erythematosus complicat-
ed by hemophagocytic syndrome. J Clin Rheuma-
tol 2006; 12: 301-303.

HAGIWARA K, SAWANOBORI M, NAKAGAWA Y, SATO T, AKIYA-
mA O, TAKEMURA T. Reactive hemophagocytic syn-
drome in a case of systemic lupus erythematosus
that was diagnosed by detection of hemophagocy-
tosing macrophages in peripheral blood smears.
Mod Rheumatol 2006; 16: 169-171.

IsoME M, Suzuki J, TAKAHASHI A, MUural H, NOozAwA R,
Suzuki S, Kawasaki Y, Suzuki H. Epstein-Barr virus-
associated hemophagocytic syndrome in a pa-
tient with lupus nephritis. Pediatr Nephrol 2005;
20: 226-228.



Haemophagocytic syndrome in rheumatic patients. A systematic review

48)

49)

50)

51)

52)

53)

54)

55)

56)

57)

58)

59)

60)

AvCIN T, Tse SM, SCHNEIDER R, NGAN B, SILVERMAN
ED. Macrophage activation syndrome as the pre-
senting manifestation of rheumatic diseases in
childhood. J Pediatr 2006; 148: 683-686.

SAKAMOTO O, ANDO M, YOSHIMATSU S, KoHROGI H,
SuGga M. Systemic lupus erythematosus compli-
cated by cytomegalovirus-induced hemophago-
cytic syndrome and colitis. Intern Med 2002; 41:
151-155.

EGucHi K. Systemic lupus erythematosus compli-
cated by cytomegalovirus-induced hemophago-
cytic syndrome and colitis. Intern Med 2002; 41:
77-78.

KikucH H, YAamamoto T, AsAko K, TAKAYAMA M, SHI-
RASAKI R, ONoO Y. Etanercept for the treatment of in-
tractable hemophagocytic syndrome with sys-
temic lupus erythematosus. Mod Rheumatol
2011; 22: 308-311.

TakaHAsHI N, NANIwA T, BANNO S. Successful use of
etanercept in the treatment of acute lupus hemo-
phagocytic syndrome. Mod Rheumatol 2008; 18:
72-75.

IDEGUCHI H, OHNO S, TAkase K, HATTORI H, KIRINO Y,
TAKENO M, IsHIGATsuBO Y. Successful treatment of
refractory lupus-associated haemophagocytic
lymphohistiocytosis with infliximab. Rheumatology
(Oxford) 2007; 46: 1621-1622.

HenzaN T, NAaGarFull K, TsukamoTo H, Mivamoto T, GON-
DO H, ImasHUKU S, HARADA M. Success with infliximab
in treating refractory hemophagocytic lymphohistio-
cytosis. Am J Hematol 2006; 81: 59-61.

PErRARD L, COSTEDOAT-CHALUMEAU N, LIMAL N, Hot A,
COHEN J, VAUTHIER-BROUZES D, NIESZKOWSKA A, BELMA-
Toug N, PETTE JC. Hemophagocytic syndrome in a
pregnant patient with systemic lupus erythemato-
sus, complicated with preeclampsia and cerebral
hemorrhage. Ann Hematol 2007; 86: 541-544.

QAN J, YANG CD. Hemophagocytic syndrome as
one of main manifestations in untreated systemic
lupus erythematosus: two case reports and litera-
ture review. Clin Rheumatol 2007; 26: 807-810.

YOSHIDA S, TAKEUCHI T, ITami Y, HATA K, WATANABE K,
SHODA T, Kotani T, MAKINO S, HANAFUsA T. Hemo-
phagocytic syndrome as primary manifestation in
a patient with systemic lupus erythematosus after
parturition. Nihon Rinsho Meneki Gakkai Kaishi
2009; 32: 66-70.

Fusi K, KiTaMURA Y, Osual Y, Kovama Y, O1A T. A case
of adult-onset Still's disease complicated by he-
mophagocytic syndrome and interstitial pneumo-
nia with pneumomediastinum/recurrent pneu-
mothorax. Int J Rheum Dis 2012; 15: e60-62.

CoRNET AD, THIELEN N, KRAMER MH, NANAYAKKARA
PW, Kooter AJ. [Adult-onset Still's disease and
haemophagocytic syndrome]. Ned Tijdschr Ge-
neeskd 2010; 154: A2528.

LoPEz-SANCHEZ M, RuBio-Lorez I, OBESO-GONZzALEZ T, TE-
JA-BARBERO JL, SANTIDRIAN-MIGUEL JP PEIRO-CALLIZO E.
[Multi-organ failure as first clinical sign of
macrophage activation syndrome in childhood Still's
disease]. An Pediatr (Barc) 2010; 73: 194-198.

61)

62)

63)

64)

65)

66)

67)

68)

69)

70)

71)

72)

73)

Perez-DE PeEDRO |, MIRANDA-CANDON [, CAMPS-GARCIA
MT, Gomez-HuEeLGAs R. [Hemophagocytic syndrome
in adult Still disease after initiation of sul-
fasalazine]. Rev Clin Esp 2010; 210: 251-252.

BobeMER C, STEPHAN JL, PRIEUR AM, TEILLAC D, CLoup
M, pe ProsT Y. [Hemophagocytic syndrome. 2 cas-
es in children with Still's disease]. Ann Dermatol
Venereol 1991; 118: 810-812.

YEH HM, Liu MF, CHANG KK, Liu SM, CHEN CH.
Adult-onset Still's disease complicated with he-
mophagocytic syndrome. J Formos Med Assoc
2010; 109: 85-88.

AMENOMORI M, MIGITA K, MIYASHITA T, YOSHIDA S, ITO
M, EGucHi K, Ezaki H. Cytomegalovirus-associated
hemophagocytic syndrome in a patient with adult
onset Still's disease. Clin Exp Rheumatol 2005;
23:100-102.

Pamuk ON, PAmuk GE, UsTA U, CakiR N. Hemo-
phagocytic syndrome in one patient with adult-on-
set Still's disease. Presentation with febrile neu-
tropenia. Clin Rheumatol 2007; 26: 797-800.

ARLET JB, LE TH, MARINHO A, AMOURA Z, WECHSLER B,
Paro T, PieTTE JC. Reactive haemophagocytic syn-
drome in adult-onset Still's disease: a report of six
patients and a review of the literature. Ann
Rheum Dis 2006; 65: 1596-1601.

MEHTA BM, HAsHKES PJ, Avery R, DEAL CL. A 21-
year-old man with Still's disease with fever, rash,
and pancytopenia. Arthritis Care Res (Hoboken)
2010; 62: 575-579.

GIANELLA S, SCHAER DJ, ScHwARz U, KURRER M, HEPPN-
ER FL, FEHR J, SEEBACH JD. Retinal microangiopathy
and rapidly fatal cerebral edema in a patient with
adult-onset Still's disease and concurrent
macrophage activation syndrome. Am J Hematol
2008; 83: 424-427.

STERN A, RILEY R, BuckLey L. Worsening of
macrophage activation syndrome in a patient with
adult onset Still's disease after initiation of etaner-
cept therapy. J Clin Rheumatol 2001; 7: 252-256.

MAESHIMA K, IsHIl K, IWAKURA M, AKAMINE M, HAMASAKI
H, ABE I, HARANAKA M, TATSUKAWA H, YOSHIMATSU H.
Adult-onset Still's disease with macrophage acti-
vation syndrome successfully treated with a com-
bination of methotrexate and etanercept. Mod
Rheumatol 2012; 22: 137-141.

Hot A, ToH ML, CopPere B, PERARD L, Maboux MH,
MAUSSERVEY C, DESMURS-CLAVEL H, FFRENCH M, NINET
J. Reactive hemophagocytic syndrome in adult-
onset Still disease: clinical features and long-term
outcome: a case-control study of 8 patients. Medi-
cine (Baltimore) 2010; 89: 37-46.

SATAPATHY SK, ISABEL FIEL M, DEL RIO MARTIN J, ALO-
MAN C, ScHiIANO TD. Hemophagocytic syndrome
occurring in an adult liver transplant recipient
having Still's disease. Hepatol Int 2010; 5: 597-
602.

AGARWAL S, MoODLEY J, AJANI GOEL G, THEIL KS,
MaHmMooD SS, LANG RS. A rare trigger for
macrophage activation syndrome. Rheumatol Int
2011; 31: 405-407.



M. Atteritano, A. David, G. Bagnato, C. Beninati, A. Frisina, C. laria, G. Bagnato, A. Cascio

74)

75)

76)

77)

78)

79)

80)

81)

82)

83)

84)

85)

86)

87)

88)

ODA Y, UrusHIDANI Y, Oor S, ENDOH A, NAKAMURA R,
ApAcHI K, FukusHima H. Hemophagocytic lympho-
histiocytosis in a rheumatoid arthritis patient treat-
ed with infliximab. Intern Med 2012; 51: 655-657.

AOUBA A, DE BANDT M, ASLANGUL E, ATKHEN N, PATRI
B. Haemophagocytic syndrome in a rheumatoid
arthritis patient treated with infliximab. Rheuma-
tology (Oxford) 2003; 42: 800-802.

SANDHU C, CHESNEY A, PiLioTis E, BUCKSTEIN R, KOREN
S. Macrophage activation syndrome after etaner-
cept treatment. J Rheumatol 2007; 34: 241-242.

Tsusol H, IwatA H, NAMPEI A, MATSUSHITA M, SHI K. He-
mophagocytic syndrome in a patient with rheuma-
toid arthritis. Mod Rheumatol 2011; 21: 532-535.

Rica M, Rossi P DE MArRcO G, VARISCO V. MARCHESONI
A. Macrophage activation syndrome after lefluno-
mide treatment in an adult rheumatoid arthritis
patient. Rheumatology (Oxford) 2010; 49: 2001.

NIANG A, DIALLO S, KA MM, Pouye A, Dior S, NDON-
Go S, Dior TM. [Hemophagocytic syndrome com-
plicating adult's seropositive rheumatoid arthritis].
Rev Med Interne 2004; 25: 826-828.

NEeGIsHI M, KasamA T, IwABucHI H, KANEMITSU H, IDE
H. Autoimmune-associated haemophagocytic
syndrome in a patient with rheumatoid arthritis.
Clin Rheumatol 2002; 21: 87-88.

ONisHI R, NamiucHI S. Hemophagocytic syndrome
in a patient with rheumatoid arthritis. Intern Med
1994; 33: 607-611.

MoLto A, MATeo L, LLoveras N, Ouve A, MINGUEZ S.
Visceral leishmaniasis and macrophagic activa-
tion syndrome in a patient with rheumatoid arthri-
tis under treatment with adalimumab. Joint Bone
Spine 2010; 77: 271-273.

ARAKI D, Fuii H, MATSUMURA M, YAMAGISHI M, YACHIE
A, Kawano M. Etanercept-induced lupus accom-
panied by hemophagocytic syndrome. Intern Med
2011; 50: 1843-1848.

GoRreLK M, Torok KS, Kietz DA, HirscH R. Hypocom-
plementemia associated with macrophage activa-
tion syndrome in systemic juvenile idiopathic arthritis
and adult onset still's disease: 3 cases. J Rheuma-
tol 2011; 38: 396-397.

SINGH S, CHANDRAKASAN S, AHLUWALIA J, Surl D,
RAWAT A, AHMED N, DAs R, SACHDEVA MU, VARMA N.
Macrophage activation syndrome in children with
systemic onset juvenile idiopathic arthritis: clinical
experience from northwest India. Rheumatol Int
2012; 32: 881-886.

TrisTANO AG. Macrophage activation syndrome as-
sociated with systemic onset juvenile rheumatoid
arthritis. South Med J 2006; 99: 786-787.

KuMAR S, VAIDYANATHAN B, GAYATHRI S, RAJAM L. Sys-
temic onset juvenile idiopathic arthritis with
macrophage activation syndrome misdiagnosed
as Kawasaki disease: case report and literature
review. Rheumatol Int 2010.

JuNEJA M, JAIN R, MisHrA D. Macrophage activation
syndrome in an inadequately treated patient with
systemic onset juvenile idiopathic arthritis. Kath-
mandu Univ Med J (KUMJ) 2009; 7: 411-413.

1422

89)

90)

91)

92)

93)

94)

95)

96)

97)

98)

99)

100)

101)

102)

SAWAR H, EspiINOzA LR, GEDALIA A. Macrophage ac-
tivation syndrome and etanercept in children
with systemic juvenile rheumatoid arthritis. J
Rheumatol 2004; 31: 623; author reply 623-624.

CUENDE E, VESGA JC, PeErRez LB, ARDANAZ MT,
GUINEA J. Macrophage activation syndrome as
the initial manifestation of systemic onset juve-
nile idiopathic arthritis. Clin Exp Rheumatol
2001; 19: 764-765.

ZENG HS, Xiong XY, WEel YD, WANG HW, Luo XP.
Macrophage activation syndrome in 13 children
with systemic-onset juvenile idiopathic arthritis.
World J Pediatr 2008; 4: 97-101.

ZHAO Y, Cao LF. [A case report of macrophage
activation syndrome complicated by systemic
onset juvenile idiopathic arthritis]. Zhongguo
Dang Dai Er Ke Za Zhi 2007; 9: 610.

CorTis E, INsataco A. Macrophage activation syn-
drome in juvenile idiopathic arthritis. Acta Paedi-
atr Suppl 2006; 95: 38-41.

Hur M, Kim YC, Lee KM, Kim KN. Macrophage ac-
tivation syndrome in a child with systemic juve-
nile rheumatoid arthritis. J Korean Med Sci 2005;
20: 695-698.

Kounami S, YosHIYAMA M, Nakavama K, OkubA M,
OkupA S, Aovaal N, YosHikawa N. Macrophage ac-
tivation syndrome in children with systemic-on-
set juvenile chronic arthritis. Acta Haematol
2005; 113: 124-129.

Sitva CA, Sitva CH, Rosazzi TC, Lomito AP MEN-
DRONI JUNIOR A, JacoB CM, Kiss MH. [Macrophage
activation syndrome associated with systemic ju-
venile idiopathic arthritis]. J Pediatr (Rio J) 2004;
80: 517-522.

Russo RA, ROsENzwEIG SD, Kartsicas MM. Hepatitis A-
associated macrophage activation syndrome in
children with systemic juvenile idiopathic arthritis:
report of 2 cases. J Rheumatol 2008; 35: 166-168.

NADIA EA, CaArvALHO JF BONFA E, LoTito AR SiLvA
CA. Macrophage activation syndrome associated
with etanercept in a child with systemic onset ju-
venile idiopathic arthritis. Isr Med Assoc J 2009;
11: 635-636.

RAMANAN AV, ScHNEIDER R. Macrophage activation
syndrome following initiation of etanercept in a
child with systemic onset juvenile rheumatoid
arthritis. J Rheumatol 2003; 30: 401-403.

PRAHALAD S, BovE KE, DickeNs D, LovelL DJ, Growm
AA. Etanercept in the treatment of macrophage
activation syndrome. J Rheumatol 2001; 28:
2120-2124.

Bruck N, Suttorp M, KaBus M, HEUBNER G, GAHR
M, PessLer F. Rapid and sustained remission of
systemic juvenile idiopathic arthritis-associated
macrophage activation syndrome through treat-
ment with anakinra and corticosteroids. J Clin
Rheumatol 2011; 17: 23-27.

KeLLy A, RamaNAN AV. A case of macrophage acti-
vation syndrome successfully treated with
anakinra. Nat Clin Pract Rheumatol 2008; 4:
615-620.



Haemophagocytic syndrome in rheumatic patients. A systematic review

103)

104)

105)

106)

107)

108)

109)

110)

111)

112)

113)

114)

115)

116)

YAMASHITA H, MATsuki Y, SHImizu A, MocHizuki M,
TakaHASHI Y, Kano T, Mimori A. Hemophagocytic
lymphohistiocytosis complicated by central ner-
vous system lesions in a patient with dermato-
myositis: a case presentation and literature re-
view. Mod Rheumatol 2012.

YASUDA S, Tsutsumi A, NAKABAYASHI T, HORITA T,
IcHikawA K, IEko M, Koike T. Haemophagocytic
syndrome in a patient with dermatomyositis. Br J
Rheumatol 1998; 37: 1357-1358.

Bustos BR, CArRrAsco AC, ToLepo RC. [Plasma-
pheresis for macrophage activation syndrome
and multiorgan failure as first presentation of ju-
venile dermatomyositis]. An Pediatr (Barc); 77:
47-50.

KoBAYAsHI I, YAMADA M, KAWAMURA N, KOBAYASHI R,
OkaNo M, KoBavasHi K. Platelet-specific hemo-
phagocytosis in a patient with juvenile dermato-
myositis. Acta Paediatr 2000; 89: 617-619.

YAIMA N, WAKABAYAsHI K, ODAI T, Isozaki T, MAT-
SUNAWA M, MiwA Y, NEGIsHI M, IDE H, KasamA T.
Clinical features of hemophagocytic syndrome in
patients with dermatomyositis. J Rheumatol
2008; 35: 1838-1841.

SUGIHARA T, IMAI'Y, Sakural T. [Case of hemophago-
cytic syndrome associated with active dermato-
myositis]. Nihon Rinsho Meneki Gakkai Kaishi
2002; 25: 344-350.

NING BT, ZHANG CM, TanGg YM. [Hemophagocytic
lymphohistiocytosis in a patient with Kawasaki
disease]. Zhonghua Er Ke Za Zhi 2010; 48: 543-
544.

AL-EID W, AL-JEFRI A, BAHABRI S, AL-MAYOUF S. Hemo-
phagocytosis complicating Kawasaki disease.
Pediatr Hematol Oncol 2000; 17: 323-329.

LATINO GA, MANLHIOT C, YEUNG RS, CHAHAL N, Mc-
CRINDLE BW. Macrophage activation syndrome in
the acute phase of Kawasaki disease. J Pediatr
Hematol Oncol 2010; 32: 527-531.

CHEN Y, SHANG S, ZHANG C, Liu T, YANG Z, TANG
Y. Hemophagocytic lymphohistiocytosis at ini-
tiation of kawasaki disease and their differen-
tial diagnosis. Pediatr Hematol Oncol 2010;
27:244-249.

CumMINGS C, McCARTHY P VAN HOFF J, PORTER G, JR.
Kawasaki disease associated with reactive he-
mophagocytic lymphohistiocytosis. Pediatr Infect
Dis J 2008; 27: 1116-1118.

HeNDRICks M, PiLLay S, DAvVIDSON A, DE DECKER R,
LAwrRensoN J. Kawasaki disease preceding
haemophagocytic lymphohistiocytosis: chal-
lenges for developing world practitioners. Pediatr
Blood Cancer; 54: 1023-1025.

Hu XFE WanG HW, SHi H. [Macrophage activation
syndrome in 2 cases with Kawasaki disease:
clinical analysis and review of literature].
Zhonghua Er Ke Za Zhi 2006; 44: 833-835.

KANEKO K, TAKAHASHI K, FUJWARA S, MARUYAMA T,
OBINATA K. Kawasaki disease followed by
haemophagocytic syndrome. Eur J Pediatr 1998;
157:610-611.

117)

118)

119)

120)

121)

122)

123)

124)

125)

126)

127)

128)

129)

130)

Liu RH, Liu HL. [Kawasaki disease complicated
by autoimmune hemolytic anemia and
macrophage activation syndrome: a case report].
Zhongguo Dang Dai Er Ke Za Zhi 2009; 11: 778-
779.

OHGA S, OosHIMA A, FukusHiGE J, UebA K. Histio-
cytic haemophagocytosis in a patient with
Kawasaki disease: changes in the hypercytoki-
naemic state. Eur J Pediatr 1995; 154: 539-541.

PalAzzi DL, McClaN KL, Kapan SL. Hemophago-
cytic syndrome after Kawasaki disease. Pediatr
Infect Dis J 2003; 22: 663-666.

SERVEL AC, VINCENTI M, DARRAS JP. LALANDE M,
RopIERE M, FILLERON A. [Intravenous immunoglob-
ulin-resistant Kawasaki disease with hemo-
phagocytosis]. Arch Pediatr 2012; 19: 741-744.

SIMONINI G, PAGNINI [, INNOCENTI L, CALABRI GB, DE
MarTiNO M, CimAz R. Macrophage activation syn-
drome/Hemophagocytic Lymphohistiocytosis
and Kawasaki disease. Pediatr Blood Cancer;
55:592.

THABET F, BELLARA |, TABARKI B, KcHAouU H, SEwmi H,
YacouB M, Essoussi AS. [Ischemic colitis and he-
mophagocytosis complicating Kawasaki dis-
ease]. Arch Pediatr 2004; 11: 226-228.

Titze U, JANKA G, SCHNEIDER EM, PRALL F, HAFFNER
D, CwasseNn CF. Hemophagocytic lymphohistiocy-
tosis and Kawasaki disease: combined manifes-
tation and differential diagnosis. Pediatr Blood
Cancer 2009; 53: 493-495.

KUMAKURA S, ISHIKURA H, KONDO M, MURAKAWA Y,
KosavasHi S. Hemophagocytosis associated with
MPO-ANCA positive vasculitis in systemic scle-
rosis. Clin Exp Rheumatol 2002; 20: 411-414.

KATSUMATA Y, OkamoTOo H, HARIGAI M, OTA S, UESATO
M, TocHImMoTO A, KAWAGUCH! Y, TErAI C, HARA M,
KamaTanl N. [Etoposide ameliorated refractory
hemophagocytic syndrome in a patient with sys-
temic sclerosis]. Ryumachi 2002; 42: 820-826.

TocHiMoTo A, NIsHIMAGI E, KAWAGUCHI Y, KOBASHIGAWA
T, OkamvoTo H, HARIGAI M, Teral C, HARA M, KAMATANI
N. [A case of recurrent hemophagocytic syndrome
complicated with systemic sclerosis: relationship
between disease activity and serum level of IL-18].
Ryumachi 2001; 41: 659-664.

HarroOLD LR, Liu NY. Polyarteritis nodosa present-
ing as pancytopenia: case report and review of
the literature. Rheumatol Int 2008; 28: 1049-
1051.

TrRONCOSO MARINO A, CAMPELO SANCHEZ E, MARTINEZ
Lorez DE CAsTRO N, INARAJA BoBo MT.
Haemophagocytic syndrome and paradoxical re-
action to tuberculostatics after treatment with in-
fliximab. Pharm World Sci 2010; 32: 117-119.

Lou YJ, JIN J, Mal WY. Ankylosing spondylitis pre-
senting with macrophage activation syndrome.
Clin Rheumatol 2007; 26: 1929-1930.

BaLbuint CL, Noris P Loni C, Aiosa C. Hemo-
phagocytic syndrome responding to high-dose
gammaglobulin as presenting feature of sar-
coidosis. Am J Hematol 1997; 54: 88-89.



M. Atteritano, A. David, G. Bagnato, C. Beninati, A. Frisina, C. laria, G. Bagnato, A. Cascio

131)

132)

133)

134)

135)

136)

137)

138)

139)

140)

141)

142)

Lam KY, NG WF, CHAN AC. Miliary tuberculosis
with splenic rupture: a fatal case with hemo-
phagocytic syndrome and possible association
with long standing sarcoidosis. Pathology 1994;
26: 493-496.

OkABE T, SHAH G, MENDOZA V. HIRANI A, BARAM M,
MARIK P What intensivists need to know about
hemophagocytic syndrome: an underrecognized
cause of death in adult intensive care units. J In-
tensive Care Med; 27: 58-64.

PHiLLIPS J, STAszewski H, GARRiSON M. Successful
treatment of secondary hemophagocytic lym-
phohistiocytosis in a patient with disseminated
histoplasmosis. Hematology 2008; 13: 282-285.

BEN DHAOU HMAIDI B, DERBALI F, BOUSSEMA F, KETARI
Jamoussi S, BAILI L, KocHBATI S, CHERIF O, ROKBANI L.
[Hemophagocytic syndrome: report of 4 cases].
Tunis Med 2011; 89: 70-75.

Cascio A, IARIA M, 1ArRIA C. Leishmaniasis and bio-
logic therapies for rheumatologic diseases.
Semin Arthritis Rheum 2010; 40: e3-5.

Cascio A, IARIA C, RUGGERI P. FriEs W. Cy-
tomegalovirus pneumonia in patients with in-
flammatory bowel disease: a systematic review.
Int J Infect Dis 2012; 16: e474-479.

Cascio A, 1ARA C, ANTINORI S. Visceral leishmania-
sis as a cause of anemia in HIV-infected pa-
tients. Clin Infect Dis 2004; 39: 1088-1089.

Cascio A, GIORDANO S, DoNEs P VENEzIA S, IARA C, ZK
INo O. Haemophagocytic syndrome and rickettsial
diseases. J Med Microbiol 2011; 60: 537-542.

Cascio A, TobArRO G, BoNINA L, 1ARIA C. Please, do
not forget secondary hemophagocytic lympho-
histiocytosis in HIV-infected patients. Int J Infect
Dis 2011; 15: e885-886.

DaviD A, 1aRIA C, GIORDANO S, lARIA M, Cascio A.
Secondary hemophagocytic lymphohistiocytosis:
forget me not! Transpl Infect Dis 2012.

lARIA C, LEONARDI MS, BubAa A, Toro ML, Cascio A.
Measles and secondary hemophagocytic lym-
phohistiocytosis. Emerg Infect Dis 2012; 18:
1529a-1529.

Pmint V, Cascio A, ArriGo C, ALTAvILLA G. Visceral
leishmaniasis after alemtuzumab in a patient

143)

144)

145)

146)

147)

148)

149)

150)

151)

with chronic lymphocytic leukaemia. Br J
Haematol 2012; 156: 1.

Osual Y, HARA J, TAGAWA S, TAkAl K, Hosol G, MAT-
SUDA Y, OHTA H, Fuuisaki H, KoBAYAsHI M, SAKATA N,
Kawa-Ha K, OkaDA S, Tawa A. Cytokine production
regulating Th1 and Th2 cytokines in hemo-
phagocytic lymphohistiocytosis. Blood 1997; 89:
4100-4108.

GROM AA, VILLANUEVA J, LEE S, GOLDMUNTZ EA, PAs-
so MH, FiupovicH A. Natural killer cell dysfunction
in patients with systemic-onset juvenile rheuma-
toid arthritis and macrophage activation syn-
drome. J Pediatr 2003; 142: 292-296.

KUMAKURA S, ISHIKURA H, MUNEMASA S, ADACHI T, Mu-
RAKAWA Y, KoBAvasHi S. Adult onset Still’s disease
associated hemophagocytosis. J Rheumatol
1997; 24: 1645-1648.

SCHAER DJ, ScHLEIFFENBAUM B, KURRER M, IMHOF A,
BAcHLI E, FEHR J, MOLLER HJ, MoOEsTRUP SK,
ScHAFFNER A. Soluble hemoglobin-haptoglobin
scavenger receptor CD163 as a lineage-specific
marker in the reactive hemophagocytic syn-
drome. Eur J Haematol 2005; 74: 6-10.

MAzopier K, MARIN V, Novick D, FARNARIER C, Ro-
BITAIL S, SCHLEINITZ N, VEIT V. PAUL P RUBINSTEIN M,
DINARELLO CA, HARLE JR, KAPLANSkI G. Severe im-
balance of IL-18/IL-18BP in patients with sec-
ondary hemophagocytic syndrome. Blood 2005;
106: 3483-3489.

HeNTEeR JI, TonDiNI C, PRITcHARD J. Histiocyte disor-
ders. Crit Rev Oncol Hematol 2004; 50: 157-174.

GuUPTA A, TYRRELL P VALANI R, BENSELER S, WEITZMAN
S, ABDELHALEEM M. The role of the initial bone
marrow aspirate in the diagnosis of hemophago-
cytic lymphohistiocytosis. Pediatr Blood Cancer
2008; 51: 402-404.

FREEMAN HR, RAMANAN AV. Review of
haemophagocytic lymphohistiocytosis. Arch Dis
Child 2011; 96: 688-693.

NAGAFUJI K, NoNAMI A, KUMANO T, KIKUSHIGE Y,
YosHIMOTO G, TAKENAKA K, SHIMODA K, OHGA S, YA-
SUKAWA M, HoRIUCHI H, IsHIl E, HARADA M. Perforin
gene mutations in adult-onset hemophagocytic
lymphohistiocytosis. Haematologica 2007; 92:
978-981.



