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Abstract: Brentuximab vedotin (BV) and nivolumab are increasingly utilized as a novel regimen in patients with relapsed/refractory
classical Hodgkin lymphoma (cHL). A 26-year-old male presented to the hospital with refractory diabetic ketoacidosis and multiple
electrolyte abnormalities, 9 days after the first dose of brentuximab vedotin and nivolumab for recurrent classical Hodgkin lymphoma.
During his hospitalization, he developed multi-organ failure. His workup showed elevated cytokine levels concerning severe cytokine
release syndrome (CRS) and hemophagocytic lymphohistiocytosis (HLH)-like syndrome. Despite treatment with CRS- and HLH-
directed therapies, his clinical status deteriorated due to ongoing multifactorial shock and worsening multi-organ dysfunction, and
comfort care measures were eventually pursued. To our knowledge, there have been no other cases reported of HLH-like syndrome
after the combination of BV and nivolumab in patients with cHL. This case of a fatal adverse event following one dose of BV and
nivolumab underscores the vital need for close monitoring of patients receiving this treatment regimen.
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Introduction

The combination of brentuximab vedotin (BV) and nivolumab has emerged as a compelling regimen with a good safety
profile for older or unfit patients with classical Hodgkin lymphoma (cHL) who cannot tolerate intensive chemotherapy
and patients with relapsed/refractory (R/R) cHL. BV plus nivolumab is therefore now utilized as a therapeutic option in
R/R cHL."™* Commonly associated toxicities include peripheral neuropathy and immune-related adverse events such as
rash and endocrinopathies. Here, we describe a fatal adverse event following the first dose of BV and nivolumab in
a young patient, highlighting the need for careful safety monitoring with the use of this regimen.

Case Report

A 21-year-old Caucasian male was diagnosed with stage IIB unfavorable-risk cHL, nodular sclerosing type, and achieved
a complete response (CR) after four cycles of doxorubicin, bleomycin, vinblastine, and dacarbazine (ABVD) followed by
involved-site radiation therapy (ISRT) targeting disease in the chest. Five years later, surveillance positron emission
tomography-computed tomography (PET-CT) revealed hypermetabolic anterior mediastinal soft tissue masses involving
the left side of the sternum and left pectoral muscle as well as multiple hypermetabolic lymph nodes (Deauville score
of 5); no disease was noted elsewhere (Figure 1A). A biopsy of one of the chest wall masses confirmed recurrent cHL. As
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Figure | (A) Pre-treatment PET-CT. (B) Post-cycle | CT abdomen showing splenomegaly.

he had no significant history of autoimmune disease other than atopic dermatitis, he was a candidate for immunotherapy.
He was recommended to complete 4—6 cycles of BV plus nivolumab followed by consolidation with high-dose
chemotherapy and autologous stem cell transplantation. Baseline blood counts prior to starting treatment revealed mild
anemia with hemoglobin of 11.5 g/dL (normal, 13.2-16.6), normal platelet count of 351x10(9)/L (normal, 150—
450x10(9)/L), and normal white blood cell count (WBC) of 8x10(9)/L (normal, 4-10x10(9)/L). Comprehensive meta-
bolic panel showed mild hyponatremia of 134 mmol/L (normal, 135-145 mmol/L), normal creatinine of 0.84 mg/dL,
normal glucose of 91 mg/dL (normal, 70—-140 mg/dL), and normal liver enzymes. The patient started treatment with BV
(1.8 mg/kg) and nivolumab (3 mg/kg).

Nine days after the first dose, he presented to the hospital with diffuse myalgias, back and abdominal pain, nausea,
vomiting, dehydration, and low-grade fever (38°C), the latter of which had started approximately 5 days prior to his
hospitalization. On admission, he was afebrile and normotensive with blood pressure of 128/83 but tachycardic to 130
bpm and mildly tachypneic. Physical examination showed mild right-sided abdominal tenderness without rebound or
guarding. Laboratory testing was consistent with diabetic ketoacidosis (DKA) based on hyperglycemia with serum
glucose level of 459 mg/dL, anion-gap metabolic acidosis with elevated lactate level of 4.5 mmol/L, and ketonuria. He
also had grade 1 transaminitis with alanine aminotransferase (ALT) 87 U/L (normal, 7-55 U/L) and aspartate amino-
transferase (AST) 105 U/L (normal, 8—48 U/L). Admission blood counts included hemoglobin 10.4 g/dL, new-onset
thrombocytopenia with platelet count of 133x10(9)/L, and normal WBC, 5.8x10(9)/L. Coagulation studies were not
available on admission. Computed tomography (CT) scan of the abdomen and pelvis was notable for splenomegaly
measuring 16 cm that was not present on pre-treatment PET-CT scan (Figure 1B).

Despite initiation of appropriate DKA treatment, the patient’s acidosis worsened. He developed respiratory distress,
distributive shock, and multiorgan dysfunction with acute renal injury and worsening transaminitis, necessitating transfer
to the intensive care unit for intubation, vasopressor support, and continuous renal replacement therapy. In addition to
transaminitis and splenomegaly, he was found to have several laboratory abnormalities suspicious for cytokine release
syndrome (CRS) and hemophagocytic lymphohistiocytosis (HLH)-like syndrome, including hyperferritinemia, hyper-
triglyceridemia, and pancytopenia (Table 1). The patient’s HScore was 181 points, correlating to a high score with 70—
80% probability of hemophagocytic syndrome.

Although he was treated empirically with broad-spectrum antibiotics, extensive infectious workup including bacterial,
fungal, and viral cultures was negative. Specifically, viral evaluation was negative for viral hepatitis, influenza,
respiratory syncytial virus, cytomegalovirus, Epstein Barr virus, and herpes simplex virus. HIV, adenovirus, enterovirus,
HHV-6, and parvovirus B19 testing were not performed. Pneumocystis jiroveci pneumonia smear was negative. A repeat
CT scan of the chest, abdomen, and pelvis showed no acute pathology, redemonstrating splenomegaly and the known
mediastinal mass. A biopsy to identify tissue evidence of hemophagocytosis could not be obtained due to the acuity of
the patient’s condition.

While awaiting the results of confirmatory HLH testing, the patient was started empirically on tocilizumab, etoposide,
and glucocorticoids for treatment of both CRS and HLH. He also received therapeutic plasma exchange for management
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Table | Laboratory Results Consistent with the Diagnosis of CRS and HLH-Like Syndrome

Labs Laboratory Values References
Ferritin 10,864 (prior to tocilizumab and 24-336 mcg/L
etoposide)
6628 (after | dose of tocilizumab)
19,627 (after second dose of tocilizumab
and | dose of etoposide)
Triglycerides 1366 <150 mg/dl
IL-9 28 <10 pg/mL
IL-6 >315 <5 pg/mL
IL-2 receptor alpha soluble (soluble CD-25) | >4000 <959 pg/mL
IL-18 2592 <468 pg/mL
Hemoglobin 9.2 13-15 gm/dI
Platelets 114 150-350 x10°/L
Absolute neutrophil count 1.14 1.56-6.45x10 (9)/L
ALT 66 7-55 U/L
AST 193 848 U/L
Fibrinogen 149 200-393 mg/dL

Abbreviations: IL, Interleukin; ALT, Alanine Aminotransferase; AST, Aspartate Aminotransferase.

of hypertriglyceridemia. Cytokine panel results did eventually show elevated soluble IL-2 receptor alpha of >4000 pg/mL
(normal, <959 pg/mL), elevated IL-18 of 2592 pm/mL (normal, <468 pg/mL) and elevated IL-6 level of >315 pg/mL

(normal, <5.0 pg/mL). Unfortunately, the patient’s condition deteriorated as vasopressor requirements increased. Life

support measures were withdrawn 2 days later in accordance with the patient’s previously stated wishes. On autopsy,

there was no clear tissue evidence of hemophagocytes. Figure 2 illustrates the case timeline.

Case Timeline
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Figure 2 Timeline of the case.
Notes: Timeline created with BioRender.com.
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Discussion
Our case report describes a fatal case of severe CRS and HLH-like syndrome after the first dose of BV and nivolumab,
generally thought to be a well-tolerated and safe regimen.

Immune evasion has been identified as the hallmark of carcinogenesis, and immunotherapy has revolutionized cancer
therapies by enhancing the immune system and identifying cancer cells as “non-self”.” Immune checkpoint inhibitors
(ICIs) became a standard of care for many solid cancers and hematological malignancies (ie, melanoma, renal cell
carcinoma, non-small cell lung carcinoma, and Hodgkin lymphoma).°®

However, as ICIs activate the T-cell-mediated immune response, active T-cells can attack the healthy tissues due to
cross-reactivity between the T-cells of the tumor and normal tissues.” This phenomenon can give rise to a broad spectrum
of immune-related adverse events (irAEs), of which the most common are endocrinopathies, gastrointestinal toxicity,
pulmonary toxicity, arthritis, and skin rash.®

HLH is a severe, life-threatening disorder and has been rarely reported as an irAE secondary to ICIs. The
pathophysiology of HLH with ICIs could be explained by immune system hyperactivation, which subsequently leads
to increased levels of inflammatory cytokines and activation of the macrophages and reticuloendothelial system.” In our
literature search, we found 61 studies on PubMed and 17 studies across Embase database reporting secondary HLH after
using ICIs. The most common malignancy associated with HLH was malignant melanoma, followed by non-small cell
lung carcinoma.'’

Pembrolizumab is the most frequently reported ICI causing HLH followed by nivolumab or nivolumab/ipilimumab.'°
Moreover, Noseda et al reviewed the World Health Organization (WHO) global database of suspected drug reactions as
of 2018; among 50,000 reported AEs from ICIs, HLH was reported in only 38 cases.!! The time from the initiation of an
ICI to the development of HLH is highly variable across reports. While HLH mainly occurs after prolonged exposure to
ICIs, with a median duration of ICI treatment of 9.9 months, it can arise at any point during the treatment, ranging from
a few days following exposure to ICIs to 17 months after treatment initiation.'® '3

BV is an antibody—drug conjugate that targets CD30 chimeric IgG1 antibodies and disrupts the microtubule network,
leading to cell death.'® In 2018, the Food and Drug Administration (FDA) approved BV for use in the treatment of
CD30-positive peripheral T-cell lymphomas (PTCL) based on the results of the ECHELON-2 trial, in which the most
common AEs reported were peripheral neuropathy, GI toxicity, and myelosuppression.'> Cytokine release syndrome
(CRS) has rarely been reported in the literature in association with the use of BV; in 2015, Alig et al reported the first
case of CRS after the first dose of BV in a patient with anaplastic large cell lymphoma (ALCL).'® The activated T-cell
response with BV can result in altered cytokine levels with increased levels of proinflammatory cytokines.'> Among
7542 AEs reported for BV in the FDA adverse events reporting system (FAERS) database, 72 were for hyperglycemia,
32 for HLH, and 13 for CRS.!” Although FAERS reported CRS and HLH with BV use, those incidents were not
described previously on PubMed or Embase, making it impossible to determine whether these cases were genuinely
associated with exposure to BV.

Distinguishing between primary HLH, secondary HLH, and CRS is challenging. CRS features can overlap with
HLH."® Both CRS and HLH are characterized by a hyperinflammatory state and cytokine storm. Severe forms of CRS
can progress to organ failure and HLH-like presentation. Due to this hyperinflammatory state, the cytokine profile in
severe CRS can be very similar to the one seen in true HLH.'® The presence of hepatosplenomegaly and histopatholo-
gical evidence of hemophagocytosis would support the diagnosis of HLH and help distinguish between CRS and HLH.
In our case, a tissue biopsy could not be pursued due to the patient’s hemodynamic instability. The patient did meet the
HLH-2004 criteria.”® An autopsy showed splenomegaly with no definitive evidence of hemophagocytosis. We did not
obtain an HLH gene panel, which would have been helpful to rule out genetic susceptibility to primary, adult-onset HLH
and distinguish between primary and secondary HLH. Regardless, such testing can take several days to yield a result and
would not have changed our treatment strategy in an acute setting. There is no history to suggest presence of familial
HLH syndrome.

Our patient had evidence of hyperinflammatory state, CRS, and HLH-like syndrome with fever, splenomegaly,
hyperferritinemia, hypertriglyceridemia, hypofibrinogenemia, and elevated soluble IL-2 receptor alpha.' Other
symptoms were consistent with treatment-related AEs, including refractory DKA, which can occur with exposure
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to ICIs or BVs.?>?* It is unclear whether BV, nivolumab, or the combination triggered the hyperinflammatory
response in our patient. Moreover, we cannot exclude progression of cHL, given the new splenomegaly found on the
patient’s admission, as a contributor to the HLH-like presentation. It could be posited that DKA itself might have
contributed to HLH-like syndrome, but this possibility is unlikely as the patient’s clinical status worsened even after
resolution of DKA. We suspect that the synergistic effect of BV and ICI on the immune system resulted in
hyperactivation of immune-mediated cytokines and, ultimately, HLH-like syndrome.

Conclusion

With increasing applications of immunotherapeutic and targeted agents in many types of cancer, evidence continues to
emerge about the potential toxicities of these agents. We aim to raise awareness among physicians and other medical
providers about the possibility that even young patients receiving BV and nivolumab, generally regarded as a reasonably
safe therapeutic combination, could develop life-threatening CRS and HLH-like syndrome. While ICIs have been linked
to HLH previously, to our knowledge this case is the first in the literature to demonstrate a fatal event of HLH-like
syndrome in cHL after the use of a combination of antibody—drug conjugate and ICI.

Ethics and Consent
The patient provided written informed consent for publication of the case report. Institutional approval was not required
to publish the case details.

Disclosure
The authors report no conflicts of interest in this work.
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