How much Etoposide? 
 
Background:
Hemophagocytic lymphohistiocytosis (HLH) is an aggressive, life-threatening immune syndrome featuring excessive macrophage activation and impaired regulation by Natural Killer cells (NK cells) and Cytotoxic T-Lymphocytes (CTLs). Associated immune triggers have led to descriptions such as infection (I-HLH) and malignancy-associated HLH (M-HLH) with the latter demonstrating much higher 30-day mortality. Etoposide, a topoisomerase inhibitor, has been a cornerstone of HLH treatment with varying dosing strategies by subtype. We present this case to highlight management considerations in patients with multifactorial HLH. 
 
Vignette 
A 70-year-old man with no contributory medical history was referred to an emergency department with acute onset shortness of breath and hypotension. His condition quickly deteriorated and despite aggressive sepsis management, he developed shock and liver failure requiring ICU admission, vasopressor support, and intubation. Severely elevated ferritin, pancytopenia, and depressed fibrinogen led to suspicion of HLH.
 
Bone marrow biopsy studies showed features consistent with low-grade MDS, occasional hemophagocytosis, and elevated IL-2 receptor levels. With M-HLH etiology favoured, the highest dosage of etoposide adjusted for age was selected. The dose was later decreased after progressive renal impairment. After day 10 when an EBV PCR returned positive, rituximab for EBV-associated HLH was added and etoposide dosing was adjusted again. 
 
Although the patient initially improved and was even transferred to floors unfortunately days into his hospitalization developed shock, encephalopathy and worsening liver failure by hospital day 23. The patient’s family ultimately opted for comfort measures alone and the patient passed away shortly thereafter.
 
Discussion:
This case represents HLH manifesting as fulminant hepatic failure treated initially with the HLH-94 protocol. Although inflammatory markers were initially improving with high-dose etoposide, our patient’s encephalopathy eventually progressed after 23 days. This led to a review of dosing efficacy and possible etoposide toxicities. The sum of evidence demonstrating increased survival with early and high-dose etoposide in EBV-associated HLH seemed to outweigh limited evidence supporting decreased dosing in M-HLH. Suspicion for etoposide toxicity was low since, in a multifactorial patient where cell counts couldn’t be monitored as a toxicity effect, toxicity symptoms such as mucositis, nausea, vomiting, abdominal pain, and neuropathy were essentially absent. Additionally, hepatic chemistries remained stable before acute deterioration after day 23.
 
HLH consensus statements and other immunology guidelines recommend etoposide dose adjustments only for renal function and age with emphasis not to adjust for hepatic function. As the kidneys can secrete both metabolized and active etoposide, renal dose adjustments are pivotal for etoposide.
 
This case highlights the difficulties in dosing etoposide in a multifactorial patient and the need for further outcomes of conservative versus aggressive individualized etoposide adjustment in multifactorial patients. The outcomes of HLH, particularly M-HLH, should be cautiously interpreted to maintain efficacious dosing of mainstay therapies.

