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ABSTRACT

Macrophage activation syndrome (MAS) is a secondary
form of haemophagocytic lymphohistiocytosis (HLH).
MAS-HLH is an underrecognised and life-threatening
condition associated with a heterogeneous group
of diseases including connective tissue disease and

inflammatory disorders. Here, we report three cases
of adult patients with MAS-HLH triggered by different
entities, including systemic lupus erythematosus, Griscelli
syndrome type 2, and Adult onset Still’s disease.

BACKGROUND

Macrophage activation syndrome (MAS), a secondary form
of haemophagocytic lymphohistiocytosis (HLH), is an
underrecognised and life-threatening condition associated
with a heterogeneous group of diseases including
connective tissue diseases (CTD), cancer, infections, and
exposure to drugs.!

Figure 1. (A) HE staining, 400x magnification. Liver biopsy of patient 1 with haemophagocytosis (arrows).
(B) HE staining, 200x magnification. Bone marrow biopsy of patient 3 with haemophagocytosis (arrows).

HE = Haemotoxylin and eosin
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Table 1. Virological tests

Case 1
Viral pathogens
Cytomegalovirus PCR Negative
Ebstein-barr virus PCR Negative
Human immunodefiency virus serology Negative

Hepatitis A serology Negative (all)
Heptitis B-C-E PCR

Parvovirus-B19 serology ND

Human herpes virus type 6 and 8 PCR ND

Varicella zoster PCR ND

ND = not determined.

Both MAS and HLH are characterised by inappropriate
survival of histiocytes, cytotoxic CD8+ T cells, and
macrophages, leading to a massive cytokine release,
hyperinflammatory state and haemophagocytosis.>3
Clinically, patients with MAS-HLH present with persistent
tever, hepatosplenomegaly, cytopenia, hyperferritinaemia,
coagulation disorders, elevated inflammatory markers
(C-reactive protein (CRP) and soluble interleukin-2 receptor
(sIL2R)), hypertriglyceridaemia, and histopathological
evidence of haemophagocytosis and multi-organ failure.4

Recognition of MAS-HLH may be challenging since
clinical features can mimic other conditions such as sepsis,
shock, and underlying active systemic disease> MAS-HLH
occurs more frequently in children than in adults, however,
reporting in adults is increasing.’

Despite several studies reported on MAS-HLH and its
association with different triggers and underlying diseases,
the mortality remains high with rates of up to 80%,
possibly also due to diagnostic delay.*®7 In this report, we
describe three adult cases with different presentations
of MAS-HLH and their clinical features and outcomes,
aiming at improving early identification and treatment of
MAS-HLH.

Case1

A 4o-year-old female with a previous history of mild
subacute cutaneous lupus erythematosus (SCLE) for the
past 16 years, presented with fever, malaise, photosen-
sitivity, and SCLE flare. Treatment with prednisone
60 mg daily initially resulted in improvement of cutaneous
lesions. However, the patient developed jaundice and
laboratory tests revealed deteriorated cholestatic liver tests
with elevated transaminases, as well as haemolytic anemia
(11 g/dl), thrombocytopenia (86 cells/ul), leucopenia (3600
cells/ul), and hyperferritinaemia (807 ng/ml). Physical

Case 2 Case 3

Negative Negative
Negative Negative
Negative Negative

Negative (all) Negative (B and C)

Negative ND
Negative ND
Negative ND

examination revealed a fever of up to 40°C and diffuse
macular erythematous rash. Autoantibody, viral screens,
blood and urine cultures were negative (table 1).
Abdominal ultrasound examination showed hepatosple-
nomegaly without biliairy obstruction. A skin biopsy
revelaed erythema multiform, however, SCLE flare could
not be ruled out. The liver biopsy was initially interpreted
as drug-induced liver injury.

During follow-up, her clinical condition worsened with
respiratory insufficiency, progressive haemogram, and
liver test disturbances (see table 2 for maximum values).
The patient was admitted to the intensive care unit
(ICU). Progressive loss of renal function with concurrent
haematuria and proteinuria developed. Complement 3 and
4 levels were decreased. Revision of the liver biopsy showed
signs of haemophagocytosis (figure 1). Bone marrow biopsy
revealed neither malignant cells nor haemophagocytosis.
Renal biopsy showed acute tubulus injury and bile cast
nephropathy.

A diagnosis of MAS-HLH secondary (19 days after initial
presentation) to SLE was established and treatment with
ciclosporin and pulse methylprednisolone was initiated.
Ciclosporin was discontinued due to nephrotoxic effects
and treatment with anakinra was started. After initiation of
anakinra, liver tests improved and ferritin levels decreased.
However, the patient remained respiratory insufficient
with progressive renal failure. Synchronising therapy with
plasmapheresis, rituximab, and cyclophosphamide was
started for treatment of the underlying severe SLE and
anakinra was discontinued. Due to subsequent insufficient
control of inflammation, therapy was switched to the
HLH-2004 protocol. Yet due to several complications,
treatment with etoposide was discontinued and anakinra
was started again without any clinical response.
The patient died within seven weeks after admission.

Khairoun et al. Exceptional presentations of haemophagocytic lymphohistiocytosis

APRIL 2020, VOL. 78, NO. 3

137



The Netherlands Journal of Medicine

Table 2. Patient Characteristics with MAS-HLH (minimum and maximum values)

Case 1
Clinical features
Sex F
Age (years) 40
Fever = 38.5°C Yes
Splenomegaly Yes
Haemophagocytosis Liver
Underlying disorder SLE
Laboratory
Haemoglobulin g/dl 4.0
Platelets cells/pl 6000
Neutrophills cells/pl <500
Ferritin ng/ml 48810
sIL2R pg/ml 43900
Triglycerides mg/dl 778
Fibrinogen mg/dl 280
NK-cell activity Normal
FHL genetic screen ND
CRP mg/l 147
LDH U/l 2695
Autoantibodies
ANA Positive

(anti SSa/SSb/ RNP)
anti-dsDNA Negative
ANCA (PR3 and MPO) Negative
anti-AMA Negative
anti-SMA Negative
RF IgM ND
ACPA ND

Case 2 Case 3
M M

26 63

Yes Yes
Yes

Bone marrow Bone marrow

GS type 2 Flare of AOSD and erysipelas
6.1 7.6
28000 77000
<500 <500
17156 48238
50294 ND

407 ND

280 ND
Normal ND
RAB27A ND

230 330
2360 1847
Negative Negative
Negative Negative
Negative Negative
Negative ND
Negative ND
Negative Negative
ND Negative

ACPA = anti—citrullinated protein antibody; AMA = anti-mitochondrial antibody; ANA = anti-nuclear antibody; ANCA = anti-neutrophil cytoplasmic
antibody; anti-dsDNA = anti-double stranded DNA; AOSD = Adult-onset Still’s disease; CRP = C-reactive protein; F = female; FHL = aamilial
haemophagocytic lymphohistiocytosis; GS = Griscelli syndrome; IgM = immunoglobulin M; LDH = lactate dehydrogenase; M = male; ND = not
determined; NK = natural killer; RF = rheumatoid factors; sIL-2R = soluble interleukin-2 receptor; SMA = smooth muscle antibody

Case 2

A 26-year-old male, originally from Eritrea, presented
with a right-sided peripheral facial nerve palsy suspected
for Bell’s palsy after a cold and a tick bite. Treatment with
prednisone was started. Two days after the first visit, the
patient experienced numbness, tingling, and progressive
muscle weakness of the lower limbs, resulting in left-sided
foot drop. A presumed diagnosis of Guillan-Barre

Syndrome was made and intravenous immunoglobulins
(IVIG) were started. He showed initial improvement after
the first cycle of IVIG therapy. However, 14 days later,
he developed a left-sided facial and bilateral abducens
nerve palsy, difficulty with speaking and swallowing,
symmetric paraparesis of the upper and lower limbs,
areflexia, sensibility loss with numbness from the knees
down, and also fever. Electromyography and magnetic
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resonance imaging of the brain were normal. A lumbar tap
(2x) was performed without the presence of infectious or
malignant cells. Based on clinical course, the diagnosis of
polyradiculitis was established and a second IVIG cycle was
started. During follow-up, the patient developed respiratory
insufficiency, bowel complaints, fever (up to 39.5°C),
abnormal liver tests, and decreased haptoglobulin and
pancytopenia were observed (table 2). In addition, soluble
interleukin-2 receptor (sIL2R), ferritin, and triglycerides
levels were raised. Cytotoxic natural killer (NK)-cell
function was normal. Renal function and C-reactive
protein (CRP) were unremarkable. Blood, urine, spinal
fluid, and fecal cultures were negative.

Additional imaging diagnostic tests were normal, except
for the splenomegaly (17 cm). Bone marrow biopsy revealed
haemophagocytosis and hyperinfiltration of T cells, and
the patient fulfilled the criteria for MAS-HLH. Treatment
with dexamethasone was started as initial treatment for
MAS-HLH. Etoposide was considered at this time, but
withheld due to concern of ongoing infection. Although
some improvement in pancytopenia was observed, the
patient suddenly went into cardiopulmonary arrest and
was resuscitated. Despite achieving spontaneous cardiac
output, post-anoxic coma developed with a poor prognosis.
The patient died approximately seven weeks after his first
presentation, despite initiation of etoposide treatment after
resuscitation.

Interestingly, post-mortem, a genetic test revealed a
homozygote RAB27A mutation. This mutation lead to
Griscelli syndrome (GS) type 2, a rare autosomal recessive
disorder, which is associated familial/primary HLH.
Additional tests on the bone marrow biopsy also revealed
an abnormal T-cell population, potentially compatible with
T-cell malignancy.

Case 3

A 63-year-old male presented with a two-year history of
uveitis anterior, thrombophlebitis, episcleritis, arthritis,
auricular perichondritis, pharyngitis and otitis, as well as
macular skin lesions and livid macular lesions on the lower
extremities. He had developed relapsing and remitting
fevers, and neutrophilic dermatosis (Sweet syndrome).
PET scan showed flurodeoxyglucose (FDG)-positive
consolidations within the lung parenchyma, reactive
mediastinal lymphadenopathy, and splenomegaly with
diffuse increased uptake in bone marrow with reactive
findings on bone marrow biopsy. Repeated infections were
ruled out by bronchoalveolar lavage. Intially considered
as aspecific inflammatory syndrome, the patient was
treated with different disease-modufying anti-rheumatic
drugs and prednisone, but tapering of prednisone was
followed by disease flares with fever, and eventually skin
rash; pancytopenia; raised inflammatory markers (CRP
8.9 mg/dl and erythrocyte sedimentation rate 64 mm/hr),

ferritin (up to 2040 ng/ml), and sIL2R (6025 U/ml) levels.
He had normal triglycerides, and liver and renal function
most compatible with AOSD with concurrent flare of Sweet
syndrome. Anakinra was administered, but due to severe
injection-site reactions this was switched to canakinumab
and with disease control and the patient was dismissed.
In the meantime, myelodysplastic syndrome type EB-1
(excess blast-1) was considered based on revised bone
marrow examination and he was referred for consideration
for an allogeneic stem cell transplant.

However, 10 weeks later, the patient presented at the
emergency department with bullous skin lesions on the
left lower leg, a fever of up to 38.5°C, high CRP (14 mg/dl),
normocytic anaemia (93 g/l), leucocytosis (15300 cells/ul),
and a normal platelet count. The patient was diagnosed
with erysipelas and intravenous antibiotic was initiated.
Blood cultures revealed gram-positive bacteria and
Pseudomonas species were cultured from the skin lesion.
Nevertheless, progressive necrosis developed in the left
foot. The patient was transferred to the intensive care unit
because of haemodynamic instability. Despite surgery, the
patient’s condition deteriorated with a fever of up to 41°C
with progressive pancytopenia and abnormal liver tests
(AST 1155 U/l). Moreover, ferritin levels were elevated,
yet sIL2R and triglycerides were not tested (table 2).
Septic shock was assumed as clinical condition, and only
by the time of ongoing deterioration, was MAS-HLH
considered provoked by a flare of AOSD due to infection.
The patient died within 10 days after admission to the
hospital. Post-mortem analysis of bone marrow showed
an increase in the number of macrophages and focal
haemophagocytosis (figure 1), consistent with MAS-HLH.

DISCUSSION

Here we present three adult patients with MAS-HLH with
various active underlying diseases, which illustrate the
different faces of MAS-HLH. The clinical and laboratory
features in all our patients met the requirements for
MAS-HLH according to the HLH-2004 guidelines,
yet concurred with delayed treatment. Measurent of
serum ferritin early in disease course and monitoring
for dynamics is inexpensive and may be instrumental in
earlier recognition of MAS-HLH.?

Although MAS-HLH is well-recognised in paediatric
systemic juvenile idopathic arthritis (sJIA), more data
on exceptional presentation of MAS-HLH in other CTD/
inflammatory diseases in adulthood is useful. The current
fatal case series described in our study aims to increase
awareness of clinical features and outcome of these
exceptional presentations of MAS-HLH in SLE, GS
syndrome type 2 with possibly lymphoma and infection-
induced AOSD flare.
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Macrophage activation syndrome secondary to SLE
is rare and the reported prevalence ranges between
0.9 and 4.6%.39' Recognition of MAS-HLH in SLE
patients is challenging, since it can mimic SLE flare, with
delay in initiating appropriate treatment. The presence
of unexplained fever, pancytopenia, liver dysfunction,
jaundice, and high lactate dehydrogenase and ferritin levels
unresponsive to immunosuppressive therapy should raise
the suspicion for MAS-HLH.***> Gavand et al. reported
MAS occurring in more than half of their cohort after SLE
diagnosis was made with a median delay of 106 months
(range 49-177)." Therefore, the presentation of MAS in
our patient at 192 months was relatively late. Indeed, our
patient with SLE also presented with these symptoms
as first manifestation of MAS-HLH, which was not
recognised as such initially, with consequent admission to
ICU and delay in treatment. High mortality rates (10-20%)
are reported in case series of patients with MAS in studies
among SLE patients .35

Our second patient, presented with neurological symptoms
as manifestation of primary HLH. Central nervous system
involvement has been reported in 30% of patients with
MAS-HLH. In the current case, HLH was associated
with GS type 2, which is a rare and fatal autosomal
recessive disorder, due to homozygous pathogenic
mutations in the RAB27A genes GS type 2 is associated
with impaired pigmentation, primary immunodeficiency
due to dysfunction of cytotoxic T cells and NK cells, with
subsequent susceptibility to repeated infections and HLH,
leading to death without haematopoetic cell transplantation.
This patient did not suffer from albinism, which has been
described in four patients with the same mutation.™ Also,
similar to our patient, late onset presentation of disease
has been reported before, yet is very rare, and may
contribute to late recognition of the syndrome. Our patient
had normal NK-cell function, unlike the other patients
with the same mutation. An explanation for this may be
due to somatic reversion leading to selective outgrowth of
particular cell subsets, which has been reported in T-cell
subsets in, for example, X-linked severe combined immune
deficiency,’® dedicator of cytokinesis 8 deficiency,” and
Wiskott-Aldrich syndrome,™ all autosomal recessive primary
immunodeficiencies. Interestingly, post-mortem analysis
of the bone marrow also revealed an abnormal T-cell
population suggestive of a T-cell malignancy. An association
between T-cell malignancies and MAS-HLH has been
reported in the literature, in particular, with cutaneous
T-cell lymphoma and T/NK-cell lymphomas.* To the best of
our knowledge, there is no correlation reported between GS
type 2 and T-cell malignancy.

The third patient had a MAS-HLH associated with
infection and a flare of a therapy refractory AOSD all

probably due to underlying myelodysplastic syndrome,
despite lack of characteristic somatic mutations. Patients
with AOSD may experience different life-threatening
MAS,
thrombocytopenia purpura, pulmonary hypertension, and
diffuse alveolar haemorrhage.>> MAS as a complication of
AOSD is reported in 10-25% of adult patients. MAS occurs
primarily during the onset of AOSD, but can also develop

complications, including thrombotic

during the course or a flare-up of AOSD.2°

Different cytokines are reported to play a role in the
pathogenesis of MAS-HLH, however, the involvement
of interleukin (IL)-1 seems to play a central role in the
pathogenesis, highlighted by the excellent clinical
responses to IL-1 blockade in recent studies in sJIA
and AOSD-related MAS. Recent observations suggest
that initiation of anakinra early in the disease course
may improve outcomes of MAS without significant side
effects.+*"> Furthermore, IL-1 blockade was associated
with less mortality and complications (e.g., sepsis,
malignancy) compared to the conventional treatment for
MAS without masking clinical and biological features of
underlying disease.>>s

In addition, a clinical trial is pending on the role of early
treatment with IL-1 blockade in patients (both children and
adults) with MAS-HLH from the group of Chatman et al.
Interestingly, the Food and Drug Administration recently
approved the use of emapalumab, an interferon gamma
blocking antibody (IFNvy), for the treatment of primary and
secondary HLH. Several animal and human studies have
reported on elevated IFNy in MAS-HLH. International
phase 2/3 clinical trials are currently ongoing investigating
the efficacy, safety, and long-term outcomes in paediatric
patients diagnosed with primary HLH and secondary
HLH associated with SJIA. Development of more targeted
therapeutic options for patients with MAS-HLH may be
lifesaving and have fewer side effects and toxicity than the
conventional treatment protocol (HLH-2004).2%%

CONCLUSION

MAS-HLH is a potentially fatal complication in a
heterogeneous group of underlying diseases, ranging from
CTD or infectious disease to haematological conditions.
Awareness and early treatment is warranted when
diagnosis is suspected.

DISCLOSURE

HL attended advisory boards and received speakers fees
from Novartis and Sobi.

Khairoun et al. Exceptional presentations of haemophagocytic lymphohistiocytosis

APRIL 2020, VOL. 78, NO. 3

140



The Netherlands Journal of Medicine

REFERENCES

Sterba G, Sterba Y, Iglesias A. Macrophage activation syndrome in adults
with rheumatic disease Revista Colombiana de Reumatologia 2016;23:69.

Carter SJ, Tattersall RS, Ramanan AV. Macrophage activation syndrome
in adults: recent advances in pathophysiology, diagnosis and treatment.
Rheumatology (Oxford). 2018.

Dall'Ara F, Cavazzana |, Frassi M, et al. Macrophage activation syndrome
in adult systemic lupus erythematosus: report of seven adult cases from
a single Italian rheumatology center. Reumatismo. 2018;70:100-5.

Kumar B, Aleem S, Saleh H, Petts |, Ballas ZK. A Personalized Diagnostic
and Treatment Approach for Macrophage Activation Syndrome and
Secondary Hemophagocytic Lymphobhistiocytosis in Adults. ] Clin
Immunol. 2017;37:638-43.

Sefsafi Z, Hasbaoui BE, Kili A, Agadr A, Khattab M. Macrophage activation
syndrome associated with griscelli syndrome type 2: case report and
review of literature. Pan Afr Med |. 2018;29:75.

Schram AM, Berliner N. How | treat hemophagocytic lymphohistiocytosis
in the adult patient. Blood. 2015;125:2908-14.

Ramos-Casals M, Brito-Zeron P, Lopez-Guillermo A, Khamashta MA,
Bosch X. Adult haemophagocytic syndrome. Lancet. 2014;383:1503-16.

Basu S, Maji B, Barman S, Ghosh A. Hyperferritinemia in
Hemophagocytic Lymphohistiocytosis: A Single Institution Experience
in Pediatric Patients. Indian | Clin Biochem. 2018;33:108-12.

Lenert A, Yao Q. Macrophage activation syndrome complicating adult
onset Still's disease: A single center case series and comparison with
literature. Semin Arthritis Rheum. 2016;45:711-6.

. LiuAC, Yang Y, Li MT, et al. Macrophage activation syndrome in systemic

lupus erythematosus: a multicenter, case-control study in China. Clin
Rheumatol. 2018;37:93-100.

Gavand PE, Serio |, Arnaud L, Costedoat-Chalumeau N, Carvelli ], Dossier
A, et al. Clinical spectrum and therapeutic management of systemic lupus
erythematosus-associated macrophage activation syndrome: A study of
103 episodes in 89 adult patients. Autoimmun Rev. 2017;16:743-9.

. Granata G, Didona D, Stifano G, Feola A, Granata M. Macrophage

Activation Syndrome as Onset of Systemic Lupus Erythematosus: A Case
Report and a Review of the Literature. Case Rep Med. 2015;2015:294041.

Borgia RE, Gerstein M, Levy DM, Silverman ED, Hiraki LT. Features,
Treatment, and Outcomes of Macrophage Activation Syndrome in
Childhood-Onset Systemic Lupus Erythematosus. Arthritis Rheumatol.
2018;70:616-24.

. Netter P, Chan SK, Banerjee PP, et al. A novel Rab27a mutation binds

melanophilin, but not Munci3-4, causing immunodeficiency without
albinism. J Allergy Clin Immunol. 2016;138:599-601.

20.

21.

22.

23.

24.

25.

26.

27.

Henkes M, Finke |, Warnatz K, Ammann S, Stadt UZ, Janka G,
Brugger W. Late-onset hemophagocytic lymphohistiocytosis (HLH)
in an adult female with Griscelli syndrome type 2 (GS2). Ann Hematol.
2015;94:1057-60.

. Kuijpers TW, van Leeuwen EM, Barendregt BH, et al. A reversion

of an IL2RG mutation in combined immunodeficiency providing
competitive advantage to the majority of CD8+ T cells. Haematologica.
2013;98:1030-8.

Kienzler AK, van Schouwenburg PA, Taylor |, et al. Hypomorphic function
and somatic reversion of DOCK8 cause combined immunodeficiency
without hyper-IgE. Clin Immunol. 2016;163:17-21.

. Wada T, Schurman SH, Otsu M, Garabedian EK, Ochs HD, Nelson DL,

Candotti F. Somatic mosaicism in Wiskott--Aldrich syndrome suggests in
vivo reversion by a DNA slippage mechanism. Proc Natl Acad Sci U S A.
2001;98:8697-702.

. Kwok G, Loong F, Wong CS, Leung RY, Shek TW, Kwong YL. Macrophage

activation syndrome leading to fatality in subcutaneous panniculitis-like
T cell ymphoma. Ann Hematol. 2014;93:873-5.

Ruscitti P, Cipriani P, Ciccia F, et al. Prognostic factors of macrophage
activation syndrome, at the time of diagnosis, in adult patients affected
by autoimmune disease: Analysis of 41 cases collected in 2 rheumatologic
centers. Autoimmun Rev. 2017;16:16-21.

Boom V, Anton |, Lahdenne P, et al. Evidence-based diagnosis and
treatment of macrophage activation syndrome in systemic juvenile
idiopathic arthritis. Pediatr Rheumatol Online J. 2015;13:55.

Miettunen PM, Narendran A, Jayanthan A, Behrens EM, Cron RQ.
Successful treatment of severe paediatric rheumatic disease-associated
macrophage activation syndrome with interleukin-1 inhibition following
conventional immunosuppressive therapy: case series with 12 patients.
Rheumatology (Oxford). 2011;50:417-9.

Sonmez HE, Demir S, Bilginer Y, Ozen S. Anakinra treatment in
macrophage activation syndrome: a single center experience and systemic
review of literature. Clin Rheumatol. 2018.

Shakoory B, Carcillo JA, Chatham WW, et al. Interleukin-1 Receptor
Blockade Is Associated With Reduced Mortality in Sepsis Patients With
Features of Macrophage Activation Syndrome: Reanalysis of a Prior Phase
111 Trial. Crit Care Med. 2016;44:275-81.

van de Veerdonk FL, Gresnigt MS, Verweij PE, Netea MG. Personalized
medicine in influenza: a bridge too far or the near future? Curr Opin Pulm
Med. 2017;23:237-40.

Jordan MB. Emergence of Targeted Therapy for Hemophagocytic
Lymphohistiocytosis. The Hematologist ASH News and Reports. 2018;15.

Kaplon H, Reichert JM. Antibodies to watch in 2018. MAbs.
2018;10:183-203.

Khairoun et al. Exceptional presentations of haemophagocytic lymphohistiocytosis

APRIL 2020, VOL. 78, NO. 3

141



