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Abstract
Objectives:

In this study, we modi�ed the classical regimen of the hemophagocytic lymphohistiocytosis-04 protocol
and evaluated the e�cacy and safety of short-term, low-dose etoposide in patients with refractory
macrophage activation syndrome (MAS) associated with adult-onset Still’s disease (AOSD).

Methods:

A total of 17 patients with refractory AOSD-associated MAS were enrolled and received short-term, low-
dose etoposide (100 mg twice a week for four times). Another 11 patients, who were not treated with
etoposide, were included as historical controls. Patient information, such as clinical manifestations,
laboratory results, treatments, and short-term prognosis, were recorded and analyzed.

Results:

In this case series, 88.24% of the patients with MAS who were treated with short-term, low-dose etoposide
had a favorable response in 3 weeks, which was signi�cantly higher (p = 0.017) than that in the patients
with MAS who were treated without etoposide (45.45%). The 90-day survival rate after the onset of MAS
was signi�cantly higher (p = 0.0029) among the patients in the short-term etoposide group (16/17,
94.12%) than in the control group (5/11, 45.45%).

Conclusion:

The regimen of short-term (2-week), low-dose etoposide was highly effective in the treatment for patients
with refractory AOSD associated MAS with an acceptable safety pro�le.

Introduction
Adult-onset Still’s disease (AOSD) is a rare autoin�ammatory disease with heterogeneous clinical
presentation and nonspeci�c features (spiking fever, pharyngitis, arthritis, and skin rash with elevated
acute-phase reactants)[1]. Macrophage activation syndrome (MAS) is a life-threatening complication that
occurs in 10–19% of patients with AOSD (hereafter referred to as AOSD-MAS), with a short-term mortality
rate as high as 20%[2]. 

MAS falls under the umbrella term “cytokine storm syndrome”. It is also known as secondary
hemophagocytic lymphohistiocytosis (HLH)[3]. Connetive tissue disease related MAS most frequently
occurs in patients with AOSD, systemic juvenile idiopathic arthritis (sJIA), and systemic lupus
erythematosus[4].

Currently, there is no high level evidence to guide the management of AOSD-MAS, probably because of its
rarity. Recent years have seen several case series and clinical trials supporting the use of the IL-1
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antagonist anakinra in the treatment of MAS complicated with sJIA or AOSD[5]. IL-18 antagonists, IFN-γ
inhibition, and the JAK inhibitor ruxolitinib are also promising treatment options[6]; Anti-IL-6 treatment of
MAS is controversial[7]. While these novel biologics might be effective against MAS, many of them have
not been approved[8]. Accessibility and affordability are the main concerns that prevent the widespread
implementation of biologics in the treatment of adult MAS in current clinical practice.

The HLH-2004 protocol should be considered for patients with AOSD-MAS who inadequately respond to
high doses of steroids[9]. The HLH-04 protocol, which combines etoposide, dexamethasone, and
cyclosporine, was initially developed for pediatric patients with primary HLH[10]. Although the HLH-04
protocol is highly effective, the original pediatric protocol would result in overtreatment and increased
toxicity in adults, limiting its application in patients with AOSD-MAS[11]. Although dose reductions and
individualized tailoring of treatment are recommended for adult patients with MAS[11-13], there is still a
lack of reports to guide the application of the HLH-04 protocol in these patients.

In the current study, we sought to explore and evaluate a treatment strategy of revised HLH-04 regimen
for patients with AOSD-MAS who failed to respond to an initial high-dose steroid treatment.

Methods
Patients

Patients were included in this study if they were older than 18 years of age; met the Yamagishi criteria for
the diagnosis of AOSD and the HLH-2004 criteria for MAS; and were unresponsive to or dependent on a
steroid dosage equivalent to methylprednisolone 2 mg/kg/day for 3 days. Patients were excluded if they
had other connective tissue diseases, underlying cancer, or a concomitant infection. From January 2015
to June 2020, a total of 17 patients were enrolled at our center and received short-term, low-dose
etoposide (100 mg biw four times) combined with dexamethasone (equivalent to prednisolone 1–
2 mg/kg/day), followed by oral calcineurin inhibitor and glucocorticoid tapering. From January 2012 to
December 2014, another 11 patients, who were treated without etoposide, were included as historical
controls.

This study was approved by the Shanghai Renji Hospital Ethics Committee (No. 259 2013-126). The
study was conducted in accordance with the principles of the Declaration of Helsinki. All patients signed
written consent forms.

Data collection

Medical charts were reviewed by three rheumatologists. The following clinical features were also
recorded at admission: fever, rash, joint pain, pharyngitis, myalgia, and abdominal pain. Laboratory test
results at the time of MAS diagnosis were collected, including routine blood tests, liver function tests,
renal function tests, and coagulation tests, as well as tests for �brinogen, C-reactive protein, the
erythrocyte sedimentation rate, ferritin, and triglycerides. We also recorded the clinical manifestations on
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day 7 and 21 after treatment. Other examination results included a bone marrow smear and bone marrow
biopsy, ultrasound, computed tomography, and positron emission computed tomography; other related
examination items were also collected when available. The use of medications, including glucocorticoids,
immunosuppressive agents, or intravenous immunoglobulin, was also recorded. The 90-day survival rate
after the onset of MAS was collected.

Response

The overall response included the percentage of patients with a complete response (CR), partial response
(PR), or improvement in measures of HLH or MAS. A CR was de�ned as no fever, a normal spleen size, no
cytopenia, no hyperferritinemia (de�ned as a ferritin level of >2,000 ng/mL), no evidence of coagulopathy,
no neurologic or cerebrospinal �uid abnormalities attributable to HLH, and no sustained increase in the
level of soluble CD25. A PR was de�ned as three or more HLH-associated clinical and laboratory
abnormalities that met the criteria for a CR. Improvement in measures of HLH was de�ned as a change of
>50% from baseline in at least three HLH-associated clinical and laboratory abnormalities that were not
normalized[14].

Statistical analysis

Clinical data were analyzed using SPSS 21 and Prism 7.0.1. Clinical features before and after treatment
were analyzed. Paired t-test was used for data conforming to normal distribution, and paired
nonparametric test was used for data not conforming to normal distribution. Quantitative data are
presented as medians with interquartile ranges, and categorical data are presented as absolute numbers
with percentages and p-values. A two-sided test p value of <0.05 was considered statistically signi�cant.

Results
Demographic information and clinical characteristics

All of the patients included in this study had uncontrollable MAS (either unresponsive or dependent) on a
steroid dosage equivalent to methylprednisolone 2 mg/kg/day for at least 3 days.

For the 17 patients, short-term (2-week), low-dose etoposide was added to the therapy. In the 11 historical
controls, the treatment included a large dose of steroids, calcineurin inhibitors, and/or tocilizumab.

The demographic information and baseline characteristics of the patients are shown in Table 1. There
were no signi�cant differences in the demographic information and clinical characteristics between the
two groups.

Responses to the short-term, low-dose etoposide regimen

The use of etoposide remarkably and quickly improved the clinical manifestations and laboratory results.
In particular, the platelet counts and the levels of alanine aminotransferase (ALT), aspartate
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aminotransferase (AST), and ferritin considerably and quickly improved over time in the etoposide
group (Figure 1).

At 21 days, a total of 88.24% (15/17) of the patients with AOSD-MAS who were treated with etoposide
showed a response; among these patients, 11.76% (2/17) achieved improvement, 23.53% (4/17)
achieved a PR, and 52.95% (9/17) achieved a CR. Among the patients with AOSD-MAS who were treated
without etoposide, 45.45% (5/11) had a response, of which 9.09% (1/11) achieved improvement, 18.18%
(2/11) achieved a PR, and 18.18% (2/11) achieved a CR.

Meanwhile, patients in etoposide group received signi�cantly lower cumulative dosage as well as daily
mean dosage of steroid compared to those without etoposide group (daily mean dose of steroid
equivalent to methylprednisolone, 140mg vs. 200mg, p=0.002 respectively). More details on the
treatments in both groups were shown in supplementary materials.

Survival analysis

The 90-day survival rate after the onset of MAS was signi�cantly higher (p = 0.0029) among the patients
in the etoposide group (16/17, 94.12%) than among those in the control group (5/11, 45.45%). (Figure 1)

Side effects and complications of short-term, low-dose etoposide in the treatment of AOSD-MAS

In the etoposide group, the disease remained uncontrolled in one patient (5.88%), the pancytopenia
rapidly progressed, leading to death on the 7th day after the diagnosis of AOSD-MAS. Two patients
(15.38%) experienced nosocomial infections after etoposide therapy and quickly improved after antibiotic
treatment. In the control group, 5 of the 11 patients died because of uncontrolled MAS.

Discussion
MAS is a potentially life-threatening complication of AOSD that requires early recognition and urgent
intervention. Currently, the diagnosis and treatment of AOSD-MAS are based on the studies and clinical
practice in sJIA associated MAS[15]. AOSD resembles sJIA clinically and these two diseases are
considered to represent the same disease continuum with different ages of onset. However, the triggers
for MAS, organ reserve, �tness, and clinical presentation differ between the pediatric and adult age
groups[16]. Transferring the pediatric precepts such as PRINTO/EULAR/ACR sJIA-MAS classi�cation
criteria and treatment regimens to adult patients may not always be appropriate. In fact, the PRINTO sJIA
associated MAS criteria showed a very low speci�city in diagnosing MAS in AOSD patients[17]. In the
current study, we used the classic HLH-04 criteria to diagnose MAS in AOSD patients. Bone marrow study
was done in each patient and around 75% of them had evidence of hemophagocytic phenomenon.
Therefore, the patients in the study were a group of severe MAS patients with a prominent hyper-
in�ammation as well as remarkable immune cell dysfunction.
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Guideline for adult HLH recommended that large dose of glucocorticoids should be the �rst line treatment
for MAS in adults.[11] In daily clinical practice, most AOSD patients respond well to a dosage of
prednisone 2-3mg/kg/d or less[18]. When AOSD patients enter into the stage of MAS, and have a lack of
or inadequate response to the initial glucocorticoid treatment, should we increase the dosage of steroid to
high-dose pulse methylprednisolone (for example: 500mg/d-1 g/d for 3-5 consecutive days), or should we
start HLH-04 protocol since all these patients met the criteria of HLH?[6, 11, 19] In the current study, we
found that adopting a revised HLH-04 protocol in these AOSD associated MAS patients was very
effective and safe. Compared to historic controls, patients in short-term (2 weeks), low dose etoposide
group had signi�cantly higher survival rate and quicker improvement in terms of clinical manifestations
and laboratory results, as well as signi�cantly less exposure to glucocorticoid. The safety pro�le was also
acceptable in etoposide group, with 2 cases of infections that responded well to antibiotics. There was no
case of long-term bone marrow suppression, liver or renal dysfunction. These results provided compelling
evidence supporting that low dose etoposide should be considered in AOSD-MAS patients who failed an
initial 2-3mg/kg/d dose of glucocorticoid.

Compared to the novel cytokine targeted treatments, such as IL-1\IL-6 inhibitors, IL-18 antagonists, IFN-γ
inhibition and JAK inhibitors, etoposide has much broader mechanisms of action and is irreplaceable in
the treatment of HLH. Etoposide could inhibit T-cell proliferation with high speci�city and reduce secretion
of proin�ammatory cytokines in mice[20]. Incorporation of etoposide in HLH-94 or HLH-04 regimen has
signi�cantly increased the disease response rate from less than 10% to approximately 70%[11]. However,
HLH regimens are rarely reported in the treatment of patients with AOSD-MAS. This is probably because
the etiology and pathogenesis of AOSD associated MAS are quite complex, many of AOSD-MAS patients
have a favorable response to steroid alone or anti-cytokine treatment, therefore, do not require an
aggressive treatment of etoposide. Rheumatologists usually have little experience in using etoposide,
physician’s preference is also a critical reason for drug selection. In addition, most adult patients could
not tolerate the high dosage of etoposide recommended in HLH-94 or HLH-04 regimens. Many adult
patients may have chronic comorbidities that make them more vulnerable to end-organ damage caused
by cytokine storm as well as to side effects by chemotherapy drugs.

In line with this, we revised the original HLH-04 regimen, reduce the dosage of etoposide to 100mg twice a
week for 2 weeks (comparable with the recommended dosage of 50-100mg/m2/w in 2019 guideline for
adult HLH)[11]. The revised regimen preserved the e�cacy of etoposide, and at the same time, notably
decreased the side effects of etoposide. In addition, adding etoposide in the treatment could remarkably
reduce the dosage of glucocorticoids, providing further bene�ts for AOSD associated MAS patients.

This study is a single-center case-series study. Prospective studies with larger sample sizes are needed to
further evaluate the effectiveness of this low-dose etoposide regimen in patients with AOSD associated
MAS. Second, we only analyzed a short-term outcome in the AOSD- MAS patients. A long-term follow-up
is required in the future studies.  
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Conclusion
The current study is, to our knowledge, the �rst report of applying short-term, low dose etoposide in the
treatment of AOSD associated MAS. We found that short-term (2-week), low-dose etoposide was highly
effective in patients with AOSD associated MAS, especially for those with severe and life-threatening
disease, with an acceptable safety pro�le. The study provides evidence for an inexpensive, easily
accessible, highly effective and standard regimen for managing AOSD associated MAS. Further studies
are needed to determine whether this modi�ed regimen would be effective and appropriate for the
treatment of MAS complicated with lupus and other autoimmune and auto-in�ammatory diseases.

Abbreviations
ALT: alanine aminotransferase; AOSD: adult-onset Still’s disease; AST: aspartate aminotransferase; CR:
complete response; HLH: hemophagocytic lymphohistiocytosis; MAS: macrophage activation syndrome;
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Tables
Table1. Demographics and clinical characteristics and laboratory �ndings of refractory AOSD associated
MAS patients

   Etoposide group 

n=17

Control group

n=11

P

Sex(male/female) 5/12 3/8 0.624

Age(Median(p25,p75)) 33(23-48) 23(20-29) 0.032

Death,n(%) 1(5.88%) 6(54.55%) 0.007

Fever, n(%) 17(100) 11(100) 1.000

Splenomegaly,n(%) 12(70.59) 9(81.82) 0.419

Bone marrow

hemophagocytosis,n(%)

13(76.47) 8(72.73) 0.581

White blood cell (×109/L) 6.43(2.34-16.81) 5.30(1.90-19.30) 0.643

Neutrophil (×109/L) 3.30(1.25-10.88) 4.40(1.34-17.00) 0.926

   Hemoglobin (g/L) 104(96-119) 113(85-124) 0.677

   Platelet (×109/L) 82(49-142) 94(83-103) 0.547

Alanine aminotransferase (U/L) 357(164-650) 339(169-873) 0.985

Aspartate aminotransferase (U/L) 218(127-492) 253(151-596) 0.740

Triglycerides(mmol/L) 2.02(1.68-4.06) 3.15(2.03-4.29) 0.675

Fibrinogen(g/L) 1.40(1.20-2.35) 1.21(0.96-1.91) 0.109

Ferritin(ng/mL)* 1928(1500-10975) 1500(1500-1500) 0.100

*Between 2012 to 2017, The upper limit of ferritin test was 1,500 ng/mL in Renji Hospital

Values are presented as the number (%) or the mean ± SD

Figures
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Figure 1

A-D The use of etoposide remarkably and quickly improved the clinical manifestations and laboratory
results. E The 90-day survival rate after the onset of MAS was signi�cantly higher among the patients in
the etoposide group than among those in the control group

Supplementary Files



Page 12/12

This is a list of supplementary �les associated with this preprint. Click to download.

supplementarytables.docx

https://assets.researchsquare.com/files/rs-1129785/v1/745e4cbbc1622fa1a6b72e81.docx

