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Abstract: Adult-onset Still's disease (AOSD) is a rare systemic inflammatory disorder. Diagnosis can take a
long time, especially in the presence of confounding factors, and it is, at least in part, of exclusion. AOSD is
generally mild, however a small percentage of patients can develop a fearsome as well potentially fatal
complication, the macrophage activation syndrome (MAS), which is also referred to as hemophagocytic
lymphohistocytosis (HLH). This condition is correlated with a cytokine storm production and
monocyte/macrophage overactivation, and typically occurs with rash, pyrexia, pancytopenia,
hepatosplenomegaly and systemic involvement. Exitus occurs in approximately 10% of cases. The Histiocyte
Society, which is a nonprofit organization committed to improving the lives of patients with histiocytic
disorders, currently suggests etoposide in combination with dexamethasone for the treatment of HLH/MAS,
although a multidisciplinary collaboration using the resources and expertise of several specialists (e.g.
rheumatologist, infectiologist, critical care medicine specialist) is always recommended. Hereby we propose
the detailed description of the clinical case of a previously healthy young woman in which MAS was the
dramatic onset manifestation of AOSD and whose diagnosis posed a real clinical challenge.

Keywords: adult-onset Still's disease; macrophage activation syndrome; hemophagocytic lymphohistiocytosis;
autoimmunity; autoinflammatory diseases; immune system; inflammation; steroids; fever of unknown origin;
monocytes/macrophages

1. Introduction

Adult-onset Still's disease (AOSD) is a complex autoimmune inflammatory disease of unknown
etiology. It is a rare condition (annual incidence of 0.16 per 1,000,000 people), with a variable
spectrum of signs/symptoms at onset which can mimic other inflammatory or infectious conditions
[1]. AODS usually affects young people, without gender preference, and presents with two peaks at
20 and 40 years of age, even if cases have been described in elderly subjects. In any case, a presentation
of the disease in subjects over 70 years of age does not exclude the diagnosis, but makes it highly
unlikely [2]. Diagnosis is not always easy, and involves a process of exclusion: diagnostic delays
typically depend on when it is considered in the differential diagnosis. During this process, the
clinician can be supported by various sets of diagnostic criteria, amongst which Yamaguchi's are
currently the most widely used, as detailed in Table 1 [3].

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.
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Table 1. Yamaguchi criteria for diagnosing adult-onset Still's disease (AOSD) [3].

Major criteria

Fever > 39°C, lasting > 1 week

Arthralgias or arthritis lasting >2 weeks

Typical salmon-pink nonpruritic skin rash

Peripheral blood leukocytosis > 10,000/pL, with granulocytes > 80%

Minor criteria

Pharyngodynia

Lymphadenopathy

Hepatomegaly and/or splenomegaly

Abnormal liver function tests

Negative tests for rheumatoid factor (RF) and antinuclear antibodies (ANA)

Suggested exclusion criteria:

Infections (especially sepsis and infectious mononucleosis)

Malignancies (especially malignant lymphoma)

Other rheumatic diseases (especially polyarteritis nodosa and rheumatoid vasculitis with
extraarticular features)

The text continues here.

Looking more closely at the aforementioned classification, it can be seen that the clinical
elements of AOSD include signs/symptoms (such as fever, arthralgia, rash, pharyngodynia,
splenomegaly, lymphadenopathy) and alterations in laboratory tests (such as leukocytosis,
neutrophilia, increased hepatic cytolysis indices) that are shared by numerous other rheumatological,
infectious or neoplastic conditions. As a matter of fact, the classification criteria require the exclusion
of such conditions. In other words, this algorithm guides and supports the diagnostic process only
when it has already been considered by the treating physician.

The disease generally presents in a mild and self-limiting way, but sometimes it is more
tumultuous from the very beginning or it rapidly evolves into fearsome complications. A possible
uncommon but severe complication of AOSD is the macrophage activation syndrome (MAS), which
is a form of hemophagocytic lymphohistiocytosis (HLH) occurring in the course of an
immunorheumatological disease. As reported from some retrospective studies, between 6 and 19%
of AOSD patients evolve into MAS [4,5]. MAS tends to arise after a certain period of illness and it is
very rare that it can present at the onset of Still's disease. The decisive diagnostic element is biopsy,
with special reference to the presence of differentiated histiocytes engaged in the phagocytosis of
hematopoietic elements of the red series. From a clinical point of view, HLH suspicion should arise
on the basis of constitutional symptoms with or without high fever and some not-so-specific
laboratory alterations, such as anemia associated with thrombocytopenia/leukopenia, a gap between
ferritin (very high) and erythrocyte sedimentation rate (not so high), and elevated triglyceride levels
with normal or low fibrinogen in the blood (Table 2) [6-9].

Table 2. Main diagnostic (clinical, laboratory and histopathologic) criteria for hemophagocytic
lymphohistocytosis (HLH) [6,8]. Diagnosis is generally made when 5 of the following 9 criteria used
in the HLH-2004 trial are met, but some authors consider the following modified criteria sufficient: 3
of 4 clinical findings (HLH-2004 criteria 1 to 3 and hepatitis) plus abnormality of 1 of 4 immune
markers (HLH-2004 criteria 5 to 8) 1 [8,9].

Fever > 38.5°C, lasting >1 week

Splenomegaly (=3 cm from the costal arch)

Cytopenias (22 of 3 hematopoietic lines involved in the absence of myelodysplasia)?
Hypertriglyceridemia3

Hypofibrinogemia*

Hemophagocytosis on specimens from bone marrow, spleen, or lymph nodes in the
absence of malignancy

oSG W
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7. Ferritin >500 pg/L3
8. Low/absent NK cell activity®
9. Soluble CD25 (Interleukin-2 receptor alpha) and/or CXCL9 elevation

! further laboratory and radiographic abnormalities in other organ systems not used in the HLH-2004 trial may

include: liver function and coagulation abnormalities (including bleeding manifestations); neurologic
abnormalities (such as seizures, mental status changes and ataxia); respiratory abnormalities (including acute
respiratory distress syndrome); severe hypotension requiring the administration of one or more vasopressors;
renal dysfunction with or without hyponatremia (including renal failure requiring dialysis); skin manifestations
(including rashes, erythroderma, edema, petechiae, and purpura); clinical features of Kawasaki disease
(including conjunctivitis, red lips and cervical lymphadenopathy) [7]. 2 hemoglobin <9 g/dL; platelets <100
x10%/L; absolute neutrophil count <1.0 x10°/L. 3 fasting triglycerides > 265 mg/dL. 4 < 150 mg/dL. 5 > 500 ng/mL
(but a ferritin > 3000 ng/mL has a better specificity and positive predictive value). ¢ two standard deviations
above age-adjusted laboratory-specific normal values

The text continues here.

The prognosis of MAS is variable, and strictly depends on the diagnostic delay: usually, when
recognized early or presenting with a mild severity, it resolves rather quickly. However, cases with
poor prognosis leading to death have also been reported. In any case, therefore, for all the above
considerations it should always be considered as a serious manifestation that must be treated
aggressively. The Histiocyte Society has recommended the use of etoposide (VP-16) in combination
with dexamethasone for the treatment of various forms of HLH, including HLH secondary to
autoimmunity, since 1994 [6,10-12]. A valid alternative is represented by anakinra (a recombinant
human interleukin-1 receptor antagonist), especially by the intravenous route (4 times a day)
interspersed with boluses of high-dose methylprednisolone [13].

Here, a case is reported of MAS secondary to AODS (hereafter referred to as AOSD-MAS) in a
previously healthy patient which responded to the aforementioned therapies with corticosteroids
(CS) and etoposide. In our opinion, this is a paradigmatic example of how coexisting medical
diagnoses may condition the judgment of the treating physicians, possibly leading to potentially very
dangerous underestimations of problems. This case is, therefore, suitable for educational purposes
for doctors who, often, do not have a specialization or at least a specific interest in the care of
rheumatological patients.

2. Case presentation

The patient was a 34-year-old woman with a history of cigarette smoking and bronchial asthma
who presented to the emergency department for persistent fever over 39°C lasting for one week,
associated with general malaise, pharyngodynia and cervical lymphadenopathy. Four days before
hospital admission the patient started a home therapy with amoxicillin 1 g three times a day (t.i.d)
and non-steroidal anti-inflammatory drugs (NSAIDs), but obtained an inadequate control of body
temperature, which never fell below 38.5°C. She also reported headaches and skin rashes which
tended to be migratory and transient. The complete timeline of her clinical case is presented in Figure
1.
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Figure 1. Timeline with relevant data from the clinical history.

The text continues here.

The patient was admitted to the Infectious Diseases Department. At clinical examination, she
was a severely ill febrile subject with physical weakness and anorexia as the main associated
constitutional symptoms; she complained of headache and diffuse arthralgias to knees, wrists and
ankles. Salmon-pink nonpruritic skin rashes were evident on the trunk and extremities during fever
episodes; cervical lymph nodes, liver and spleen were palpable. Her main initial blood tests, showing
a severe inflammatory state, are represented in Table 3.

Table 3. Main patient laboratory findings. Bold values are outside local laboratory normal ranges.

VP-16 f/up

Admission 1t VP-16 VP-16 VP-16 VP-16 VP-16 VP-16 Discharee [P Local laboratory
2nd dose3rd dosedth dose5th dose6th dose7th dose 8¢ mos NR
dose mos
WBC 10.84 1297 3.05 2.99 2.36 6.65 3.91 9.16 4.55 6.64 7.76 4.50-11.00 x10%/L

Neutrophils 9.42 1099 259 242 154 318 1.61 531 2.24 4.03 4.85 1.80-7.70 x10°/L
Lymphocytes 1.00 0.67 0.39 051 081 253 202 296 1.83 1.93 220 1.00-4.50 x10%/L

Hb 9.2 7.9 8.9 8.7 9 8.5 8.2 8.1 8.5 12.2 11.0 11.5-15.5 g/dL
PLTs 296 30 36 46 56 76 238 176 152 197 191 130-400 x10%/L
INR 1.38 1.75 1.64 150 147 1.19 1.09 1.05 1.02 1.01 1.01 0.8-1.2 Units

Fibrinogen 112 96 98 85 83 107 66 137 209 / / 200-393 mg/dL
Glycemia 158 183 162 88 76 70 106 73 79 80 78 74-100 mg/dL
Creatinine 0.72 0.55 0.37 022 040 049 047 042 0.44 0.65 0.65 0.5-121 mg/dL
Na 136 137 137 135 136 137 136 139 141 143 144  134-146 mmol/L
K 3.5 44 4.0 4.2 4.1 4.1 4.0 4.0 4.0 38 4.0 3.4-4.5mmol/L
Triglycerides 309 / / 226 64 / / / / / / <150 mg/dL
CRP 11.38 210 1.04 032 022 / / 0.12 / 0.03 0.02 0-0.50 mg/dL
PCT 0.3 0.2 0.3 <0.05 / / / / / / <0.05 <0.5 ug/L
Ferritin 1059 1608 1338 553 574 628 531 580 555 19 38 13-150 pg/L

LDH 970 1727 735 562 530 461 475 568 / 443 27 208-450 U/L
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Total bilirubin  0.55 1.63 1.58 124 136 143 1.00 0.66 1.05 0.70 0.81 0.30-1.20 mg/dL

AST 49 590 100 39 27 21 27 30 28 24 19 0-40 U/L
ALT 42 620 349 188 127 55 56 62 61 15 17 0-40 U/L
GGT 74 199 288 239 177 93 79 85 85 26 34 0-50 U/L
ALP 187 139 104 87 79 66 61 58 66 31 70 46-116 U/L

ALP: alkaline phosphatase; ALT: alanine transaminase; AST: aspartate transaminase; CRP: C-reactive protein;
GGT: gamma-glutamyl transferase; f/up: follow-up; Hb: hemoglobin; INR: international normalized ratio; K:
potassium; LDH: lactate dehydrogenase; mos: months; Na: sodium; NR: normal range; PCT: procalcitonin; PLTs:
platelets; VP-16: etoposide; WBC: white blood cells; /: not tested.

The text continues here.

Serial blood cultures were obtained, of which only one was found to be positive for meticillin-
sensitive Streptococcus Thermophilus. Targeted antibiotic therapy with ceftriaxone 2 g quaque die
(g.d.) and teicoplanin (maintenance dose: 12 mg/kg q.d.) was then started and discontinued after five
days both due to lack of clinical response and the development of diarrhea. A transesophageal
echocardiography was performed and showed no endocardial vegetations. As stool samples were
positive for Clostridium difficile, the patient also received targeted antibiotic therapy with oral
vancomycin 500 mg q.d.

After her hospital admission, the patient's clinical condition continued to deteriorate with
hemodynamic instability (systolic pressure of 75 mmHg during crystalloid fluid replacement), so that
after two weeks she was transferred to the Intensive Care Unit (ICU) with a working diagnosis of
"fever of unknown origin associated with severe hypotension”. In the ICU, vasopressin and
norepinephrine were administered to support organ perfusion. Due to the persistence of fever, an
additional course of empiric broad-spectrum antibiotic therapy with meropenem 2 g t.i.d. was
started, and a myeloid activation test at flow cytometry on peripheral blood was performed, which
showed a picture of marked granulocytic activation (i.e. granulocyte to lymphocyte ratio of CD64
intensity expression: 13.8; normal value < 2.6) consistent with a possible infection. Therefore, an
antifungal therapy (caspofungin 70 mg on day 1 and 50 mg q.d. for 3 days) was added to meropenem,
again without any improvement. Because of all these treatment failures, after a multidisciplinary
discussion, it was finally decided to start a steroid therapy with methylprednisolone 125 mg t.i.d.,
suspecting an autoimmune disease. For the differential diagnosis between infectious and
autoimmune diseases, the patient in the meantime underwent all of the additional investigations
reported in Table 4.

Table 4. Results of other laboratory analyses performed during hospitalization. Bold values are
outside local laboratory normal ranges.

Laboratory test Result Local laboratory NR
C3/C4 1.45/0.19 0.90-1.80/ 0.10-0.40 g/L
Rheumatoid factor (RF) negative -

ANA negative -

dsDNA Abs 9.5 0-27 IU/ml
Anti-ENA antibody screen ! <3.6 0-20 CU
Autoimmune liver disease panel 2 0 0-6 CU
ANCA negative -

LA testing, SCT screening ratio 0.94 0.77-1.20

LA testing, dRVTT screening ratio 1.06 0.70-1.20
Anti-cardiolipin IgG 0.7 0-20 CU
Anti.cardiolipin IgM 7.5 0-20 CU
Anti-beta2glycoprotein IgG 3.9 0-20 CU
Anti-beta2glycoprotein IgM 1.8 0-20 CU
Beta-2 microglobulin 2.40 1.16-2.52 mg/L
Serum IgG 806 751-1560 mg/dL

Serum IgM 222 48-220 mg/dL
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Serum IgA 182 80-400 mg/dL
Quantiferon-TB Gold Plus test 3 negative <0.35 UI/mL
HIV Ab negative -
HBsAg negative -
HCV Ab negative -
ASLO 45 <200 IU/mL
Anti-Parvovirus B19 IgG, index 2.0 0.90-1.20
Anti-Parvovirus B19 IgM, index <0.10 0.90-1.10
Widal-Wright ¢ <1/80 <1/80
Fecal calprotectin 6.77 <50 ug/g
SARS-CoV-2 antigen rapid test negative -
Serum Aspergillus antigen, ratio 0.10 0.00-0.16
CMV DNA negative -
EBV DNA negative -
Interleukin-6 2.7 0.0-4.4 pg/mL
Anti tTG IgA 1.7 0.0-20.0 CU
TSH 1.08 0.36-3.74 mIU/L
FT4/FT3 8.0/12 9.0-17.0 / 2.7-4.4 ng/L
TG Ab / TPO Ab 30/12 10-115 / 0-35 IU/mL

Ab: antibodies; ANA: antinuclear antibodies; ANCA: antineutrophil cytoplasmic antibodies; ASLO: antibodies
anti-streptolysin O; CMV: Cytomegalovirus; C3: complement component 3; C4: complement component 4; CU:
chemiluminescent units; dRVVT: dilute Russell's viper venom time; dsDNA Abs: anti-double-stranded
deoxyribonucleic acid antibodies; EBV: Epstein-Barr virus; ENA: extractable nuclear antigen; FT4: thyroxine;
FT3: triiodothyronine; IU: international units; HBsAg: hepatitis B surface antigen; HCV: hepatitis C virus; HIV:
human immunodeficiency virus; Ig: immunoglobulin; LA: lupus anticoagulant; NR: normal range; SARS-CoV-
2: severe acute respiratory syndrome coronavirus 2; SCT: silica clotting time; TB: tuberculosis; TG: thyroglobulin;
TPO: tireoperoxidase; TSH: thyroid stimulating hormone; tTG: tissue transglutaminase. ! including the following
autoantibodies: anti-Sm (anti-Smith), anti-RNP (anti-ribonucleoprotein), anti-SSA (anti-Sjogren's syndrome type
A)/Ro60, anti-SSA/R052, anti-SSB (anti-Sjogren's syndrome type B), anti-Jo-1 (anti-histidyl tRNA synthetase),
anti-Scl 70 (anti-topoisomerase I). 2 including the following autoantibodies: anti-LKM1 (antibodies to
liver/kidney microsome type 1); ASMA (anti-smooth muscle antibodies), AMA (anti-mitochondrial antibodies),
anti-LC1 (anti-liver cytosolic antigen type 1), anti-SLA (anti-soluble liver antigen), anti-gp210 (anti-
glycoprotein210), anti-SP100 (anti SP100 nuclear antigen). 3 interferon gamma dosage. # including the following
antibodies: anti Typhus; anti Paratyphoid; anti Brucella. ® nasal swab.

The text continues here.

A total body computed tomography was also performed, showing a 22-mm pericardial effusion,
bilateral pleural effusions, and a pelvic intraperitoneal fluid flap; both liver and spleen were enlarged;
a small amount of free fluid was reported within the peritoneal space, the paracolic gutters and
around the liver and gallbladder (Figure 2).

Figure 2. Patient radiological aspect at total body computed tomography (CT) scan (a) Chest CT

revealing a 22-mm pericardial effusion and bilateral pleural effusions; (b) Abdomen CT revealing
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severe hepatomegaly and moderate splenomegaly (before contrast); (c) Another image of the same
abdominal aspect (portal venous phase).

The text continues here.

Due to the occurrence of anemia and thrombocytopenia requiring red blood cell/plasma
transfusions and human fibrinogen concentrate administrations, a diagnosis of acute disseminated
intravascular coagulation was made; prothrombin time was moderately prolonged, while activated
partial thromboplastin time, ADAMTS13 enzyme activity levels and schistocyte count at peripheral
blood smear were within normal ranges; autoantibodies directed against ADAMTS13 were absent
and Coombs test (direct and indirect) was negative. Flow cytometry analysis of bone
marrow/peripheral blood did not show any clonal B-cell or abnormal T-cell populations, while
confirmed an inflammatory circulating neutrophilic leukocytosis. A bone marrow biopsy was finally
performed, revealing the presence hemophagocytosis at bone marrow smear and a histological
pattern of hypercellular marrow with mature myeloid hyperplasia, marked reduction/absence of
erythroblastic series, and diffuse infiltration of histocytes, some of which had a hemophagocytic
pattern (Figure 3).

. Y ' -
» L 3¢
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Figure 3. Patient bone marrow biopsy and aspiration showing hemophagocytic syndrome. (a) Bone
marrow is highly hypercellular and shows predominance of mature myeloid elements;
megacariocytes are well represented; cells of eritroblastic lineage are heavily reduced (hematoxylin-
eosin, 100x); (b) Macrophages are very numerous and collected in small aggregates or surrounding
the adipocytes (CD68 immunostaining, 200x); (c) On smears of bone marrow, evidence of
macrophages phagocytizing erythrocytes (May-Grinwald Giemsa, 300x).

The text continues here.

After the procedure, due to the appearance of desaturation (arterial partial pressure of oxygen
in room air: 44.0 mmHg) and orthopnea it was necessary to put the patient on a course of continuous
positive airway pressure (CPAP), which was later discontinued due to the improvement of the
respiratory failure.

Both the aforementioned biopsy findings and the appearance of a weak clinical response only
after the initiation of steroid therapy guided at this stage the diagnostic suspicion toward the presence
of a HLH, possibly secondary to an autoimmune disease. In this respect, the onset of an AOSD
appeared to be plausible, so Yamaguchi's classification criteria were applied (Table 1) [3]. A positivity
for all 4 major and 5 minor criteria was found. This despite the possible concomitant infectious
process, which -in itself- would be an exclusion criterion; in any case, infections alone —even had they
been present— could not have accounted for the patient’s clinical and histological patterns. Therefore,
a final diagnosis of MAS as a complication of a new onset AOSD was finally made.

Given the patient's progressive and rapid deterioration, treatment with an intensive therapy
with immunosuppressive and cytotoxic agents was administered with the aim to induce remission
of the disease activity, following the HLH-94 treatment protocol [10]. More in detail, this initial
therapy included etoposide -which is proapoptotic in HLH- 150 mg/m? IV twice weekly during the
first 2 weeks and then weekly, in combination with daily dexamethasone (initially 10 mg/m?2 IV for 2
weeks, followed by 5 mg/m? IV for 2 weeks, and 2.5 mg/m? IV for 2 weeks). Filgrastim was
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administered as needed, while trimethoprim/sulfamethoxazole (180/800 mg/q.d. orally) and
acyclovir (800 mg/q.d. intravenously) therapy were started as secondary prophylaxis.

After the first two doses of chemotherapy administered in the ICU, the patient became
hemodynamically stable again and could be transferred to an Internal Medicine Division, where she
experienced a progressive rapid clinical and laboratory improvement. More in detail, the fever
completely resolved and the performance status significantly recovered, although some remaining
tendency to fatigue. From a musculoskeletal perspective, arthralgias gradually reduced until they
disappeared, but a marked sarcopenia, requiring an in-hospital rehabilitation program, persisted as
a result of the prolonged intrahospital bed rest. With regard to the main laboratory issues,
inflammatory indices gradually decreased to normalization, platelet and hemoglobin levels
stabilized, and transaminase and ferritin levels dramatically reduced (Table 1).

After two months from the initial hospitalization the patient was finally discharged in a stable
clinical condition (switching dexamethasone to oral prednisone at an initial dosage of 25 mg q.d.) and
referred to our rheumatology outpatient clinic. During the first eight follow-up months she remained
apyretic and symptom-free at home expect for a residual easy fatigability. From a biochemical point
of view, the only relevant data consisted in a slight transient increase in lactate dehydrogenase and
transaminase levels within the first month, so that methotrexate (MTX) 12.5 mg SC quaque week was
associated, while the patient continued her slow tapering of the steroid therapy (current prednisone
dosage: 2.5 mg q.d.) (Table 3).

3. Discussion

This case is emblematic in terms of the difficulty of managing a young and previously healthy
subject who undergoes a rapid deterioration of clinical conditions and develops life-threatening
diseases. Initially the patient experienced mild and non-worrisome symptoms, which were
interpreted as a common form of bacterial upper respiratory tract infection. Subsequently the clinical
course changed and the following impression was that of being faced with an infection of unknown
origin in the septic evolution phase. And it is on this front that the doctors' attention was focused
during the first part of the hospitalization, also because of the aforementioned misleading elements
that supported the initial working hypothesis. Probably, one of the main struggles in this clinical case
was represented by the classic diagnostic dilemma of infection versus autoimmunity, incidentally
always bearing in mind that not only one thing does not exclude the other, but also that an infection
can trigger an autoimmunity flare or, in some cases, even its onset. Moreover, immune activation
from an infection is also a common trigger for HLH/MAS both in patients with a genetic
predisposition and in sporadic cases with no underlying genetic cause identified.

Our patient ultimately resulted affected by AOSD. This is a rare systemic autoinflammatory
disorder characterized by recurrent high fever, a fading salmon-pink rash, and arthritis. These
signs/symptoms are often associated with pharyngodynia, myalgias, lymphadenopathy,
splenomegaly, and neutrophilic leukocytosis (Table 5) [14-26].

Table 5. Characteristics of the clinical manifestations of adult-onset Still's disease (AOSD).

Fever [14] Fever is almost always daily, with no spontaneous intercritical intervals. Very
characteristically it is biphasic (2 peaks within the same day) with a sudden
temperature increase (4C° in 4 hours).

Rash [15] The rash is asymptomatic for what concerns itching or pain, occurs together
with fever and disappears when the temperature returns to normal (fleeting).
It presents as spots or maculopapules, usually on the trunk and extremities,
rarely on the palmoplantar areas and on the face. The Koebner phenomenon
(more intense in the areas of stress from the clothes) is frequently observed.

Arthritis [16] Arthritis is typically transient and mild (however cases have been described in
which severe synovitis led to joint destruction, so acute arthritis does not rule
out the diagnosis, although it is not considered typical). It is a migrating
oligoarticular manifestation, with preference, in order of probability, of: knees,
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wrists, metacarpophalangeal/proximal interphalangeal joints, ankles, elbows,
shoulders.

Myalgia [17] Myalgia is closely related to fever; the disease does not specifically attack the
muscles, in fact electromyography and muscle biopsies in these cases are
always normal. However, the dosage of muscle enzymes in the acute phases of
the disease can show increases, albeit slight.

Pharyngitis [18] Sore throat is a characteristic of the disease, especially in its onset before the
occurrence of fever, and should always be sought in the patient's anamnesis
when there is a suspected diagnosis. It is a non-suppurative cricothyroid
perichondritis or aseptic nonexudative pharyngitis of a purely inflammatory

nature.
Lymphadenopathy Lymphadenopathy affects more than 2 out of 3 people with AOSD. it is
[19] typically a symmetrical lymphadenopathy involving the lymph nodes in the

neck, which feel soft or stretchy to the touch. This phenomenon is due to benign
B-cell hyperplasia of the pericortical zone.

Splenomegaly [19] Acute splenomegaly is present in at least 33% of patients at diagnosis. It
typically occurs in the absence of clinical hyperplenism and is not painful.

Liver disease [19]  Elevated liver necrosis rates are more frequent than hepatomegaly. In general,
these are transient and non-dangerous conditions, even if cases in which
fulminant hepatitis develops (all in patients treated with high doses of
NSAIDs) have been reported.

Cardiac and Cardiac (non-ischemic) involvements including arrhythmias and pericarditis

pulmonary disease have been described, as well as pulmonary infiltrates and pleural effusions,

[20,21] which together do not represent a significant proportion of patients, but which
should be considered possible and should not confuse the physician in the
differential diagnosis.

Hematologic Microangiopathic haemolytic anemia, haemolytic uremic syndrome, and

manifestations [22] thrombotic thrombocytopenic purpura have all occasionally been described, in
addition to the fearsome MAS.

Gastrointestinal The presence of abdominal pain is highly variable in AOSD, generally in

symptoms [19,23]  relation to the onset of fever; however, there are reports of pancreatitis and
aseptic peritonitis.

Others [19,24-26] Rare manifestations include: conjunctivitis, uveitis, aseptic meningitis,
interstitial nephritis, glomerulonephritis, and secondary amyloidosis.

AOSD: adult-onset Still's disease; MAS: macrophage activation syndrome; NSAIDs: non-steroidal anti-
inflammatory drugs.

The text continues here.

In younger individuals, the counterpart of AOSD is called systemic juvenile idiopathic arthritis
(s-JIA), which shares some of its features, including recurrent fever, salmon-pink rash, and
polyarthritis; in other words, these two conditions are considered to represent the same disease
continuum with different ages of onset [1]. This type of symptoms, as is known, is shared by various
pathologies much more common than AOSD; in fact, in our case, they were initially interpreted as of
bacterial or fungal origin.

The etiology of the disease is unknown, but it is generally believed that various infectious agents
can play an important role in its pathogenesis, acting -as mentioned above- like a trigger in some
predisposed individuals [27]. Known causative agents may include a variety of viruses (such as
Rubivirus, Morbillivirus, Echovirus 7, Coxsackievirus B4, Cytomegalovirus, and Epstein-Barr Virus)
and some bacteria (including Mycoplasma Pneumoniae, Chlamydia Pneumoniae, Yersinia
Enterocolitica, Brucella Abortus and Borrelia Burgdorferi). It should be noted, however, that no single
pathogenic trigger has ever been clearly identified, indicating the likely involvement of multiple
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concurrent factors [28]. In any case, in the specific case of our young patient no definite elements
emerged that could guide us in this direction.

Being a rare disease, AOSD is notoriously difficult to cure, but it is even more difficult to
diagnose. Patients typically face a journey of confusing symptoms, misdiagnoses or delayed
diagnoses, and a series of ineffective treatments before a proper diagnosis and an effective treatment
plan can be provided. Delayed diagnosis can lead to longer hospital stays and higher financial costs,
and it can also hasten the onset of the rare and potentially fatal AOSD complications which we will
discuss below. In any case, diagnosis is generally by exclusion, as clinicians do not currently have a
tool to make it in a definite way, but can only rely on a few specific sets of diagnostic criteria, among
which the most sensitive and widely used are Yamaguchi ones, as shown in Table 1 [3]. A diagnosis
can be made when = 5 criteria are present, with at least two being major diagnostic criteria, preferably
in the absence of any exclusion criterion. Despite their widespread use and proven clinical utility,
these criteria only consider the patient clinical presentation, which is sometimes nuanced and, in rare
cases, overlapping with a transient acute infectious pattern that may facilitate the onset of AOSD
itself as reported above [29]. Moreover, it goes without saying that these criteria are applicable since
the disease is suspected on the basis of the clinical history and the lack of response to therapies
considered effective for the previously diagnosed conditions, as in the case currently described.

It is important to note that AOSD is a complex and multifaceted condition. It is generally a mild
disease, but approximately 20% of patients develop a potentially fatal complication, the most
frequent being MAS (also called reactive hemophagocytic syndrome), a secondary form of HLH. The
latter one manifests with rash, pyrexia, pancytopenia, hepatosplenomegaly and systemic
involvement, leading to death in approximately 10% of cases (Table 2). This syndrome is correlated
with a cytokine storm expression and monocyte/macrophage overactivation, leading to multi-organ
dysfunction [30,31]. When HLH occurs as a familial disorder it is called familial hemophagocytic
lymphohistiocytosis (FHL), a condition where gene mutations map to loci that code for elements of
the cytotoxic granule formation and release pathway.

For milder forms of AOSD, NSAIDs alone may be sufficient to treat symptoms, but an initial CS
therapy is usually required for moderate and severe cases which may include serositis, debilitating
arthritis, fever refractory to NSAIDs or internal organ involvement. Due to the significant toxicities
associated with continuous CS therapy, CS-sparing medications are typically needed to achieve
steroid-free remissions and treat refractory cases: MTX, cyclosporine A and leflunomide are the most
commonly used conventional synthetic disease-modifying antirheumatic drugs (csDMARDs). In
addition, recent developments in biologic drugs have greatly improved the quality of life and coping
ability of AOSD patients: for the most severe and refractory subjects, anti-cytokine drugs are an
effective and reliable alternative to csDMARDs as well as the only remaining treatment option.
Currently, a safe and effective strategy is the specific suppression of interleukin (IL)-6 (with
tocilizumab) or IL-1 (with anakinra, canakinumab or rilonacept); tumor necrosis factor (TNF)
inhibitors may be used in refractory arthritis forms [32].

For patients in whom incipient HLH/MAS remains a concern, a combination of high dose
anakinra, preferably IV, with pulse-dose IV CS therapy is generally suggested, rather than using a
single agent. Concern for MAS is particularly high in patients with elevation in ferritin levels out of
proportion to other inflammatory markers, transaminase elevation, marked elevation in D-dimer,
thrombocytopenia, and/or a decreasing erythrocyte sedimentation rate despite continued elevation
of C-reactive protein [33].

However, in the present case, HLH/MAS diagnosis was not only suspected but also confirmed
at a given point in time. As a matter of fact, our patient fulfilled 7 out of 9 HLH-2004 criteria, in
addition to having increased liver enzymes (Table 2) [6,8,9]. Moreover, her Hscore —a scoring system
developed to estimate the probability of HLH incorporating points for immunosuppression, fever,
organomegaly, levels of serum analytes (triglycerides, ferritin, alanine aminotransferase and
fibrinogen), degree of cytopenias, and presence of hemophagocytosis on the bone marrow aspirate—
was 215 which confers a >95% probability of HLH [34]. When MAS diagnosis is confirmed or strongly
suspected, current guidelines suggest an initial empiric treatment for the presumed underlying
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pathology, deferring HLH-specific therapy, only for patients without deteriorating cardiac,
pulmonary, hepatic, renal, or neurological function; nonetheless, these subjects should be monitored
carefully and treatment should be intensified in case of clinical worsening. Examples may include
antimicrobials for triggering infections, CS for rheumatologic conditions, or antineoplastics for
cancers; for the rare adults with FHL, an allogeneic hematopoietic cell transplantation (HCT) may be
proposed, using a graft from an unaffected donor.

Acutely ill or clinically deteriorating patients, as in the case described here, should instead be
promptly treated. The current more validated therapeutic regimen is the HLH-94 protocol developed
by the Histiocyte Society [10,35], although alternative regimens have also been used to treat HLH,
such as the similar HLH-2004 protocol, which shares the same regimen used in HLH-94 that will be
described shortly, but incorporates cyclosporine as part of the initial therapy [6]. None of the latter
ones, however, has been directly compared with HLH-94 or has shown clear superiority. Clinicians
should also consider including patients in clinical trials, when available. HLH-94 protocol consists in
an induction therapy with etoposide (150 mg/m2 IV twice/week for weeks 1-2 and then once/week
for weeks 3-8) and dexamethasone at in initial dose of 10 mg/m?2 q.d.), with intrathecal therapy (with
MTX = hydrocortisone) only for those with central nervous system involvement. Moreover, all
patients should receive supportive care, such as blood product transfusions for cytopenias and
antimicrobials for prevention/management of infections. Of course, patients receiving treatment will
require daily clinical monitoring, laboratory studies including markers of inflammation, and
evaluation of cerebrospinal fluid with each intrathecal treatment. It is important to note that HLH-94
protocol is widely used to treat several forms of HLH, including pregnancy-related/perinatal HLH,
HLH following allogeneic HCT, and HLH secondary to viral infections or autoimmunity (i.e. MAS)
[36-38]. Cumulatively, patients treated on the HLH-94 protocol have a median survival of 54 percent
at 6.2 years [10].

Taking a closer look at the recommended treatment with etoposide, the latter has long been
known as one of the most commonly prescribed anticancer drugs. Being inexpensive, it is particularly
useful in poor countries for the management of advanced, refractory or relapsed malignancies. It
works by inhibiting DNA topoisomerase II, an essential nuclear enzyme that manipulates DNA. This
leads to the creation of permanent DNA breaks which, in turn, induce cell cycle inhibition and cell
death if not repaired. Unluckily, etoposide-induced DNA damage can also be the cause of
chromosome rearrangements, and its prolonged use has been correlated with therapy-induced
secondary leukemia, particularly in children and young adults [39—41]. Etoposide has historically
been used to treat aggressive solid malignancies and certain oncohematologic disorders but, in some
cases, it is also utilized to cure other diseases. However, this non-tumor use of etoposide is so far
largely unexplored. In particular, as previously mentioned, it is increasingly being used to treat
immune-mediated inflammatory disorders associated with cytokine storm syndrome (CSS), such as
precisely MAS. Etoposide dampens inflammation in patients with HLH through inhibition of the
production of pro-inflammatory cytokine, such as IL-6, IL-10, IL-18, interferon (IFN)-y, and TNEF-o,
and consequent deactivation of T cells and attenuation of the immune stimulation [42,43].

One consideration to keep in mind is that the aforementioned original HLH-94 and HLH-2004
protocols were initially developed for pediatric patients with primary HLH [11]. Although being very
effective, these regimens may result in overtreatment and increased toxicity in adults, limiting their
application in patients with AOSD-MAS [10,12]. While dose reduction and individualized tailoring
of treatment are therefore recommended for adult patients with MAS at least in selected cases
[12,44,45], there is still a shortage of reports guiding the proper application of such protocols. For
instance, a recently published study showed that modifying the HLH-2004 scheme with low-dose,
short-time courses of etoposide (100 mg twice weekly for 4 times) can be very effective in treating
patients with AOSD-MAS, both in terms of survival rate and clinical and laboratory improvements,
with also a better safety profile and a significantly less exposure to CS than the standard protocol
[46]. Based on these considerations, in the present case the HLH -94 classical regimen was also
modified, in that the patient’s initial clinical response was so dramatically good that the etoposide


https://doi.org/10.20944/preprints202401.0170.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 3 January 2024 do0i:10.20944/preprints202401.0170.v1

12

induction phase could be shortened to only 5 weeks instead of the 8 weeks described in the original
protocol, while continuing slow CS tapering (Table 3).

4. Conclusions

AOSD is a rare autoinflammatory disease with heterogeneous clinical presentation and
nonspecific hallmarks that can simulate many different diseases. MAS is a life-threatening
complication that occurs in a significant proportion of patients with AOSD, with a short-term
mortality rate as high as 10% [46]. In both conditions the diagnosis can take a long time, especially in
the presence of confounding factors.

In the present case, the concomitance of a suspected systemic infection and the presence of an
iatrogenic Clostridium Difficile colitis initially ruled out the hypothesis of AOSD, despite the
fulfillment of Yamaguchi's criteria. The diagnosis was taken into consideration only with the
development of HLH. This allowed a complete re-evaluation of the clinical case, leading to the
hypothesis of MAS as a complication of AOSD, probably triggered by an infectious/inflammatory
background. Timely initiation of high-dose steroids and topoisomerase II inhibitors was crucial and
effective.

Although our understanding of AOSD increased during the last decade, the disease remains a
real diagnostic and therapeutic challenge for the clinicians, as there are still many important gaps in
our knowledge in areas such as diagnostic criteria, most helpful biomarkers and management
strategy. The pattern is even more complicated when an AOSD-MAS occurs. In that case, despite the
significant improvement in survival with the HLH-94 protocol (which is currently the standard of
care), mortality, as previously mentioned, remains high. Moreover, currently the diagnosis and
treatment of AOSD-MAS are mainly based on the studies and clinical practice in s-JIA associated
MAS, and transferring the pediatric classification criteria and treatment regimens to adult patients
may not always be appropriate [46]. Thus, clinicians are strongly encouraged, if feasible, to enroll
patients also in clinical trials testing HLH/MAS therapies or other clinical or research questions.

Ultimately, the research presented here stresses that a multidisciplinary team (including
internists, rheumatologists, immunologists, pathologists, hematologists, radiologists, and infectious
disease and critical care medicine specialists) is essential to give patients a chance of survival and
recovery when serious life-threatening complications occur.
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