Name of Journal: World Journal of Clinical Cases
Manuscript NO: 63654
Manuscript Type: CASE REPORT

Atezolizumab-induced anaphylactic shock in a patient with hepatocellular carcinoma undergoing immunotherapy: A case report
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Abstract
BACKGROUND
Atezolizumab is a programmed death ligand 1 (PD-L1) inhibitor, and its combination with bevacizumab has been proven an effective immunotherapy for unresectable hepatocellular carcinoma (HCC). Treatment with immune checkpoint inhibitors (ICIs) can lead to hypersensitivity reactions; however, anaphylactic shock is rare. We present a case of life-threatening anaphylactic shock during atezolizumab infusion and performed a relevant literature review.

CASE SUMMARY
A 75-year-old man was diagnosed with HCC recurrence after hepatectomy. He was administered immunotherapy with atezolizumab plus bevacizumab after an allergy to a programmed death-1 (PD-1) inhibitor. The patient showed a sudden onset of dizziness, numbness, and lack of consciousness with severe hypotension during atezolizumab infusion. The treatment was stopped immediately. The patient’s symptoms resolved after 5 mg dexamethasone was administered. Because of repeated hypersensitivity reactions to ICIs, treatment was changed to oral targeted regorafenib therapy. 

CONCLUSION
Further research is necessary for elucidating the hypersensitivity mechanisms and establishing standardized skin test and desensitization protocols associated with PD-1 and PD-L1 to ensure effective treatment with ICIs.
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[bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: OLE_LINK4]Core Tip: Treatment with immune checkpoint inhibitors (ICIs) can lead to hypersensitivity reactions; however, anaphylactic shock is rare. We present a case of life-threatening anaphylactic shock during atezolizumab infusion and performed a relevant literature review. Patients may be allergic to drugs targeting both programmed death-1 (PD-1) and programmed death ligand 1 (PD-L1). Adequate attention should be paid to the related complications in the use of immune checkpoint inhibitors. Nevertheless, further studies are needed to understand the underlying mechanisms of hypersensitivity reactions and establish standardized skin test and desensitization protocols associated with PD-1 and PD-L1 to ensure effective treatment with ICIs.


INTRODUCTION
Hepatocellular carcinoma (HCC) is a common carcinoma worldwide and a leading cause of cancer-related death[1]. Although early-stage disease may be curable by resection, most patients present with an advanced and unresectable disease[2]. The multikinase inhibitors sorafenib and lenvatinib are the approved first-line systemic treatments for unresectable HCC. Both are associated with considerable side effects that impair patients’ quality of life. Programmed death-1 (PD-1) inhibitors and anti–programmed death ligand 1 (PD-L1) have shown promising clinical activity as second-line treatments for HCC. A 2020 global phase 3 trial showed that in patients with unresectable HCC, atezolizumab combined with bevacizumab resulted in better overall and progression-free survival outcomes than sorafenib[3].
Although immune checkpoint inhibitors induce immune activation with strong antitumor effects, they can lead to hypersensitivity reactions (HSRs) and infusion reactions (IRs). These reactions range from mild cutaneous manifestations to life-threatening anaphylaxis with hypotension, oxygen desaturation, cardiovascular collapse, and death[4]. Atezolizumab is a humanized immunoglobulin (Ig)G-1 class antibody that binds to PD-L1 approved by the Food and Drug Administration (FDA) for the treatment of cancer[5]. The FDA reported severe IRs in 1.3%-1.7% and HSRs in ≤ 1% of cases in which atezolizumab was used[6]. However, cases of atezolizumab-associated anaphylactic shock are rare. Herein, we present the case of a patient who developed life-threatening anaphylactic shock during atezolizumab infusion.

CASE PRESENTATION
Chief complaints
Fatigue, back pain, and loss of appetite for 1 mo.

History of present illness
A 75-year-old man with liver cancer recurrence after right radical hepatectomy in April 2019 was diagnosed with HCC. After a multidisciplinary discussion, the patient received a combination treatment of lenvatinib and a PD-1 inhibitor (camrelizumab, 200 mg/bottle; Heng Rui Pharmaceuticals Inc., China). Because the patient developed hypotension and rash on the second use of camrelizumab, it was discontinued. Moreover, the patient showed significant side effects of oral administration of lenvatinib, including diarrhea, fatigue, and loss of appetite, the drug was discontinued. In November 2020, the patient was hospitalized for immunotherapy. The regimen was changed to a PD-L1 inhibitor (atezolizumab, 1200 mg/bottle; Genentech, Inc., United States) combined with bevacizumab therapy. The first 1200 mg infusion was administered on November 10, 2020. Ten minutes into the atezolizumab infusion, the patient reported dyspnea, sudden dizziness, and numbness in his feet and was soon unconscious, with hypotension (56/38 mmHg), a heart rate of 85 bpm, temporal temperature of 36.7 °C, respiration rate of 25 breaths per minute, and oxygen saturation of 92%. 

History of past illness
The patient has a medical history of hypertension, diabetes, and coronary heart disease for many years, cerebral infarction for more than 4 years without obvious sequelae, and hepatitis B for more than 50 years, for which he was taking “entecavir”. He had an allergy history of PD-1.

Personal and family history
There was no family history of malignant tumors.

Physical examination
Abdominal distension, back pain, concave edema of lower limbs, and no jaundice or palpable masses were observed.

Laboratory examinations
Blood analysis revealed high levels of alpha-fetoprotein (66 ng/mL; normal, < 25 ng/mL), carcinoembryonic antigen (4.8 ng/mL; normal, < 5 ng/mL), and ferritin (355.7 ng/mL; normal, female < 150 U/mL, male < 200 U/mL). Routine blood test showed leukopenia (1.9 × 109/L; normal, 4-10 × 109/L) with predominant neutrophils (62.9%) with normal hematocrit and platelet count. Prothrombin and partial thromboplastin times were normal.

Imaging examinations
Contrast-enhanced computed tomography and magnetic resonance imaging of the chest and abdomen performed in September 2020 showed multiple intrahepatic tumors invading the inferior vena cava and right branch of the portal vein and tumor thrombus formation in the inferior vena cava and left atrium (Figure 1).

FINAL DIAGNOSIS
Hepatocellular carcinoma recurrence and atezolizumab-induced anaphylactic shock.

TREATMENT
A nurse immediately stopped atezolizumab infusion, made the patient lie in the supine position, and reported to the physician. The patient was administered 5 mg dexamethasone intravenously, 500 mL of Ringers solution intravenous drip quickly, and oxygen at a flow rate of 3 L/min.

OUTCOME AND FOLLOW-UP
Ten minutes later, the patient regained consciousness. Thirty minutes later, the symptoms resolved: Blood pressure rose to 112/66 mmHg and heart rate to 75 bpm, the respiration rate was 20 breaths per minute, and oxygen saturation was 95%. Because of repeated hypersensitivity reactions, the medical team decided that the patient would not be rechallenged with immunotherapy and administered oral targeted regorafenib therapy instead. After 1 d, the patient’s condition stabilized and he was discharged. The patient was in a stable condition 2 mo after discharge.

DISCUSSION
In recent years, immune checkpoint inhibitors have been widely used for patients with malignancies. Several cancer immunotherapies that target the PD-L1–PD-1 pathway is currently being evaluated in patients with HCC. The PD-1 drugs nivolumab, pembrolizumab, and camrelizumab are second-line drugs that have been approved by the FDA for the treatment of HCC. Atezolizumab selectively targets PD-L1 to prevent interaction with the receptors PD-1 and B7-1, thus reversing T-cell suppression[7]. Bevacizumab is a monoclonal antibody that targets vascular endothelial growth factor, inhibits angiogenesis and tumor growth, and showed response in patients with advanced liver cancer[8,9]. This patient, who had a recurrent tumor after liver cancer surgery, was advised to try immunotherapy with atezolizumab plus bevacizumab after an allergy to camrelizumab. Unfortunately, the patient had a severe allergic reaction at the first use of atezolizumab and immunotherapy was stopped after discussion between the medical group and the patient’s family. The patient then received lenvatinib targeted treatment instead.
According to the FDA 2016 label, severe IRs of atezolizumab were observed in 1.3%-1.7% of patients[10]. These reactions include the following symptoms: Back or neck pain, dizziness, chills, feeling like passing out, dyspnea or wheezing, fever, flushing, itching or rash, and swelling of face or lips. Moreover, immune-related adverse reactions (such as pneumonitis, colitis, hypophysitis, encephalitis, hepatitis, and pancreatitis) have been reported to affect various organs. In the European Medicines Agency 2019 assessment report, HSRs of atezolizumab were reported in in up to 10% of patients[11]. In addition, pruritis and rash were reported in more than 10% of patients[6]. According to the recent BC Cancer Agency Drug Manual, HSRs including anaphylaxis can be severe in < 1% of the patients, and immune-mediated rash may appear in 8%-18% (severe, 1%) of patients[10]. Prompt recognition and attention to immunotherapy infusion-related reactions could potentially prevent the fatal complications of anaphylaxis with immune checkpoint inhibitors.
HSRs are classified according to the time of onset as immediate (< 1 h of drug administration) or delayed (1 h to 1 wk after drug administration). Immediate-onset HSRs include IgE-mediated hypersensitivity reactions, acute infusion–related reactions, and cytokine release syndrome. However, these reactions may be clinically indistinguishable from each other, and patients may show mixed-type reactions[12,13]. An increase of serum tryptase indicates mast cell/basophil degranulation and suggests the possibility of an IgE-mediated reaction. There are two characteristics of anaphylactic shock: One set of characteristics appears before the shock or at the same time, and manifests as some allergy-related symptoms; the other set of characteristics include the appearance of shock, such as pale face, rapid and weak pulse, wet and cold limbs, unclear consciousness, or complete loss of consciousness. In such cases, shock should be identified, and the patients should be assessed for low blood pressure, which is characterized by systolic blood pressure < 90 mmHg or > 30% lower from baseline in adults. The patient may feel faint, dizzy, light-headed, floating, woozy, giddy, confused, helpless, or fuzzy, and may even collapse[14]. Emergency management of anaphylactic reactions to immune checkpoint inhibitors is the same as that for anaphylaxis from other causes. After the assessment of respiration and circulation and removal of allergens, the infusion is stopped immediately, and the first-line treatment is intramuscular injection of epinephrine. If the patient shows no response to adrenaline within 5-10 min, epinephrine administration should be repeated. Second-line and third-line treatments include adequate positioning, oxygen, nebulized adrenaline, nebulized beta-2-agonist, intravenous normal saline, corticosteroid, and antihistamine administration depending on the clinical presentations of the patient[13,15]. The target oxygen saturation is > 94% to 96%. The latest evidence suggests that liberal use of supplemental oxygen (target SpO2 > 96%) in acutely ill adults is associated with a higher mortality than more conservative oxygen therapy. Therefore, a reasonable approach in practice is to maintain a target oxygen saturation of 94% to 96% in acutely ill patients who are not at risk of hypercapnia[16,17]. The patient in the present case improved, so no adrenaline was administered. If the patient has life-threatening airway, breathing, or circulatory problems, adrenaline should be administered. Establishment of the airway should follow basic or advanced life support principles.
[bookmark: OLE_LINK3]If the patient experiences suspected anaphylaxis to immune checkpoint inhibitors, a skin test with a nonirritating concentration of the culprit agent should be performed 4-6 wk after the reaction. A positive skin test strongly suggests an IgE-mediated mechanism. Timing is critical because mast cells are temporarily unresponsive to the allergen in skin tests for 4 wk. Although skin tests are the most specific and sensitive, there are no standardized protocols available for the definition of biological agents except omalizumab, adalimumab, infliximab, and etanercept[18]. Gonzalez-Diaz et al reported that they used concentrations of 60 mg/mL for atezolizumab and 25 mg/mL for bevacizumab in the skin prick test, and concentrations of 0.6 mg/mL and 0.25 mg/mL, respectively, in the intradermal skin tests[19]. Our patient did not undergo a skin test because of the severe allergic reaction.
[bookmark: OLE_LINK2][bookmark: OLE_LINK1]If atezolizumab is the first-line treatment option or more effective than other drugs and the allergic reaction is not serious, desensitization can be performed under the supervision of an experienced allergist. A commonly used desensitization regimen for monoclonal antibodies (mAbs) is a 12-step/3 bag protocol previously for beta-lactam antibiotics[20]. Gonzalez-Diaz et al[19] reported that their 4-bag/16-step desensitization protocol for atezolizumab and bevacizumab was useful after severe anaphylaxis in the treatment of lung adenocarcinoma. The patient was premedicated with intravenous chlorpheniramine and methylprednisolone 1 h prior to the infusion of the mAbs. A total of 1200 mg of atezolizumab and 600 mg of bevacizumab were given on separate days with the 4-bag/16-step protocol (initial concentration, 1:1000 of the total dose), with an increasing rate and concentration every 15 min without manifestation of hypersensitivity reactions[19].

CONCLUSION
A case of anaphylactic shock associated with atezolizumab has been presented. With the evolution of cancer therapies, the likelihood of serious adverse events may increase. Patients may be allergic to drugs targeting both PD-1 and PD-L1. Adequate attention should be paid to the related complications in the use of immune checkpoint inhibitors. Nevertheless, further studies are needed to understand the underlying mechanisms of hypersensitivity reactions and establish standardized skin test and desensitization protocols to increase the safety and efficacy of immune checkpoint inhibitors.
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Figure Legends
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Figure 1 Abdominal contrast-enhanced computed tomography at 1.5 years after right radical hepatectomy. A: Computed tomography showed multiple recurrences of intrahepatic tumors; B: Computed tomography showed invasion of the inferior vena cava and the right branch of the portal vein; C: Computed tomography showed tumor thrombus formation in the inferior vena cava and left atrium. 
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