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Background: Patients with hematologic malignancies usually have severe immunodeficiency and are much more likely to be severe 
after COVID-19 infection. Tocilizumab is a monoclonal antibody of interleukin-6 (IL-6) and is recommended for treating severe 
conditions in the latest COVID-19 treatment guidelines. However, the efficacy and safety of tocilizumab in hematologic malignancy 
patients have yet to be clarified. We report five hematologic malignancy patients with severe COVID-19 infection who were all 
successfully recovered with tocilizumab treatment.
Methods: We reported five hematologic malignant patients who developed severe COVID-19 infection and received tocilizumab at 
the First Affiliated Hospital of Zhejiang University School of Medicine during the COVID-19 pandemic in China from Dec 2022 to 
Mar 2023. We observed the effect of tocilizumab on COVID-19 infection and evaluated its safety.
Results: Five hematologic malignancy patients with severe COVID-19 infection were retrospectively enrolled. The dosage of 
tocilizumab was 400–480mg once; one patient used a second dose of tocilizumab on the third day of medication. After receiving 
tocilizumab treatment, all five patients experienced a rapid decrease in body temperature and C-reactive protein (CRP) within 24 hours 
and improved oxygen requirement within one to three days (one patient did not experience hypoxia). Chest CT scans after one week 
showed absorption of lung infection. The serum IL-6 levels of three patients showed an initial increase followed by a decrease. None 
of the patients experienced grade 3–4 hematologic or non-hematologic toxicity.
Conclusion: Tocilizumab can improve the outcome of severe COVID-19 infection in hematologic malignancy patients with severe 
immunodeficiency without severe adverse reactions.
Keywords: COVID-19, hematologic malignancy, tocilizumab

Introduction
Hematologic malignancy patients usually have severe immunodeficiency due to the underlying disease and 
chemotherapy.1 Some patients also receive treatments such as chimeric antigen receptor T cell (CAR-T) therapy 
and hematopoietic stem cell transplantation, contributing to their unique immunological status compared to non- 
hematologic malignancy patients.2 Those patients are much more likely to develop severe situations after COVID-19 
infection. The 30-day mortality rate for malignancy patients with COVID-19 has been reported as 13–33%.3–5 

A cohort study by He et al6 showed that the mortality rate of hematologic malignancy patients after COVID-19 
infection is much higher compared to non-hematologic malignancy patients (62% vs 8%). A survey by the European 
Hematology Association7 revealed that the rate of severe or critical illness after COVID-19 infection in hematologic 
malignancy patients is 63.8%, with 13.8% progressing to the intensive care unit (ICU). Excessive inflammation 
causes widespread organ damage, multiple organ failure, and even death.8–10 Corticosteroids are recommended for 
severe and critical COVID-19 infection patients.11 However, it was reported that high doses and long-term use of 
corticosteroids would lead to adverse reactions11 and do not reduce mortality or improve outcomes for patients 
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receiving mechanical ventilation.12,13 Nirmatrelvir/ritonavir is recommended as a standard treatment for mild, 
moderate, and severe COVID-19 infection.11 However, a retrospective study by Wang et al14 found that nirmatrelvir/ 
ritonavir does not adequately clear the virus in patients with underlying conditions such as malignant tumors, and 
some patients still progress to severe illness. Elevated serum IL-6 levels have been identified as a risk factor for poor 
prognosis in COVID-19 infection.15,16 The 10th Edition of the Chinese National Guideline for COVID-19 infection: 
Diagnosis and Treatment Protocol for COVID-19 infection recommends the use of IL-6 receptor antagonists like 
tocilizumab for severe/critical COVID-19 infection or patients with elevated serum IL-6 levels.11 A series of 
controlled studies17,18 showed that patients infected with severe COVID-19 received tocilizumab treatment to prevent 
further disease deterioration but could not improve the survival rate. The Society for Immunotherapy of Cancer 
suggests the use tocilizumab in severe COVID-19 infection.19 There is no universally accepted experience in 
managing severe COVID-19 infection, nor experience in immunosuppressive patients such as hematologic malig-
nancy patients.

During the COVID-19 pandemic in China from Dec. 2022 to Mar. 2023, we successfully treated five cases of 
hematologic malignancy patients with severe COVID-19 infection using tocilizumab. This article presents a retrospective 
analysis of these five patients to evaluate tocilizumab’s clinical efficacy and safety, providing our center’s experience for 
severe COVID-19 infection treatment.

Diagnosis of severe COVID-19 infection refers to the Diagnostic and Treatment Protocol for Novel Coronavirus 
Infection (Trial Version 10): In adults, any of the following criteria can be used for diagnosis, and the symptoms cannot 
be explained by reasons other than COVID-19 infection: 1. Presence of dyspnea with a respiratory rate (RR) ≥ 30 breaths 
per minute; 2. Resting oxygen saturation (SpO2) ≤ 93% while breathing ambient air; 3. The arterial partial pressure of 
oxygen (PaO2) to the fraction of inspired oxygen (FiO2) ratio ≤ 300 mmHg (1 mmHg = 0.133 kPa); 4. Progressive 
worsening of clinical symptoms, with lung imaging showing >50% lesion progression within 24–48 hours. Diagnosis 
criteria for critical COVID-19: Shock occurs; Respiratory failure requires mechanical ventilation; If combined with other 
organ failures, ICU monitoring and treatment are required. According to the Diagnostic and Treatment Protocol for 
Novel Coronavirus Infection (Trial Version 10), IL-6 receptor antagonists like tocilizumab are recommended when the 
patient is diagnosed with severe and critical COVID-19, and the laboratory detection of IL-6 significantly increased.11 

The recommended initial dose of tocilizumab is 4–8 mg/kg; the maximum cumulative doses should not exceed 800 mg. 
The definition and grading criteria for clinical adverse reactions are according to the Common Terminology Criteria for 
Adverse Events (CTCAE) 5.0.20

Cases Presentation
Case 1
This patient was female, 71 years old, diagnosed with chronic myeloid leukemia for over 20 years, receiving long- 
term treatment of dasatinib. On December 20, 2022, she was diagnosed with diffuse large B-cell lymphoma. On 
December 30, she received a ZR2 (Ibrutinib+Lenalidomide+Rituximab) regimen for treatment. On December 31, 
the patient developed a fever with a maximum temperature of 39.7°C. On January 2, 2023, she tested nucleic acid 
positive for SARS-CoV-2 on a nasopharyngeal swab, and a chest CT showed pneumonia. Her blood routine 
showed white blood cells were 1.15×10^9/L, neutrophils 0.74×10^9/L, hemoglobin 84g/L, and platelets 61×10^9/ 
L. The patient experienced dyspnea, with the lowest arterial oxygen pressure (PaO2) at 65.1mmHg. Oxygen was 
administered at 10L/min, and methylprednisolone 40mg qd was added. On January 7, chest CT showed progres-
sion of bilateral lung inflammation. IL-6 was 193.69pg/mL, and CRP was 20.4mg/L. The patient was diagnosed 
with severe COVID-19 infection, and 320mg of tocilizumab was given immediately on January 7. On January 8, 
the patient’s body temperature decreased to normal, and the chest tightness and dyspnea improved. CRP also 
decreased. The serum IL-6 initially increased, peaking at 688.27pg/mL, then gradually decreasing. On January 13, 
her chest CT showed absorption of inflammation. On January 19, the patient met the discharge criteria and was 
discharged.
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Case 2
This patient was female and 67 years old. She was diagnosed with multiple myeloma. On November 25, 2022, she 
received BCMA-CAR-T therapy. On December 30, the patient developed a fever with a maximum temperature of 
39.5°C. On January 6, 2023, she tested nucleic acid positive for SARS-CoV-2 on a nasopharyngeal swab, and her chest 
CT showed bilateral lung inflammation. Blood routine showed the white blood cells were 5.2×10^9/L, neutrophils 
4.28×10^9/L, hemoglobin 105g/L, and platelets 176×10^9/L. The patient experienced significant chest tightness, with the 
lowest oxygen saturation at 86%. Oxygen was administered at 15L/min, and dexamethasone 10mg qd was added. On 
January 10, a chest CT showed that lung inflammation had progressed. The serum IL-6 level was 287.74pg/mL, and CRP 
was 34.71mg/L then. The patient was diagnosed with severe COVID-19 infection. The patient received dexamethasone 
at 10mg Q12h and nirmatrelvir/ritonavir 3# Q12h on January 10, 400mg tocilizumab was administrated on the same day. 
On January 11, the patient’s body temperature rapidly decreased, and chest tightness and dyspnea improved. On 
January 12, the auscultation of her lungs revealed coarse and moist rales, and the patient was considered to have 
a progression of infection. Then, tocilizumab was administered again with one dose of 400mg.11 Subsequently, CRP and 
IL-6 decreased progressively. On January 17, the chest CT showed absorption of lung infections compared to previous 
scans. On January 24, the patient had chest tightness and dyspnea again, with oxygen saturation dropping to 70–80%. 
The SARS-CoV-2 nucleic acid was tested again and was still positive. The chest CT showed progression of bilateral lung 
inflammation. Sputum culture revealed the presence of moderate amounts of white candida, suggesting secondary 
pulmonary fungal infection. On January 30, the patient developed significant chest tightness and dyspnea. Her family 
refused further treatments and left the hospital on January 31.

Case 3
This patient was female, 53 years old. She was diagnosed with acute myeloid leukemia. The most recent chemotherapy 
was administered on November 9, 2022, with FLAG regimen (Fludarabine 50mg/m2 on days 1–5, Cytarabine 2.0/m2 on 
days 1–5, G-CSF 150ug q12h on days 0–5). On January 13, 2023, the patient developed a fever with a maximum 
temperature of 40°C, and SARS-CoV-2 on nasopharyngeal swab nucleic acid tested positive. Chest CT showed bilateral 
lung inflammation. Blood routine revealed the white blood cells were 1.22×10^9/L, neutrophils 0.69×10^9/L, hemoglo-
bin 43g/L, and platelets 82×10^9/L. Dexamethasone 10mg Q12h and nirmatrelvir/ritonavir 3# Q12h were added on 
January 13. On January 17, the patient’s oxygen saturation dropped to 88%, and oxygen was administered at 9L/min. By 
that time, she was diagnosed with severe COVID-19 infection. Tocilizumab treatment was initiated on the same day with 
a dose of 480mg. Within 24 hours, the patient’s body temperature decreased, and respiratory distress and hypoxemia 
improved significantly. C-reactive protein decreased progressively. The chest CT on January 20 and January 26 showed 
absorption of inflammatory lesions in both lungs. On January 20, the SARS-CoV-2 nucleic acid test was negative. On 
February 6, the patient met the discharge criteria and was discharged.

Case 4
This patient was female and 68 years old. She was diagnosed with acute myeloid leukemia. On December 9, 2022, the 
patient received chemotherapy with decitabine 20mg/m2 d1-5 plus IA 3+7 regimen, followed by HLA mismatched donor 
stem cell transplantation (micro-transplant). On December 30, the patient developed a fever with a maximum temperature 
of 39.4°C. On January 4, 2023, the patient tested positive for SARS-CoV-2 on a nasopharyngeal swab, and nirmatrelvir/ 
ritonavir 3# Q12h was administered. On January 12, Her chest CT showed bilateral lung inflammation. On January 17, 
the serum IL-6 level was 133.48pg/mL, CRP was 143.72mg/L, and the blood routing showed the white blood cells were 
0.3×10^9/L, neutrophils 0.03×10^9/L, hemoglobin 46g/L, and platelets 41×10^9/L. She was diagnosed with severe 
COVID-19 pneumonia. 400mg of tocilizumab was administrated to her immediately. On January 18, the patient’s body 
temperature quickly returned to normal, and CRP decreased. The serum IL-6 levels gradually increased to 362.85pg/mL 
and then decreased. The chest CT on January 18 showed reduced bilateral lung inflammation. On January 30, the patient 
met the discharge criteria and was discharged.
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Case 5
This patient is male, 32 years old. He was diagnosed with myelodysplastic syndrome (IPSS-R: high-risk). The patient’s 
last chemotherapy was administered on November 6, 2022, with azacitidine 75mg/m2 d1-7 plus IA 3+7 regimen. On 
February 2, 2023, the patient developed a fever with a maximum temperature of 40°C and tested positive for SARS-CoV 
-2 on a nasopharyngeal swab, and nirmatrelvir/ritonavir 3# Q12h was given. After that, the patient experienced shortness 
of breath. Blood gas analysis showed a partial pressure of oxygen (PaO2) of 57.3mmHg. Oxygen was administered at 
15L/min, and methylprednisolone was added at 40mg every 8 hours. On February 13, the blood routine showed white 
blood cells were 17.82×10^9/L, neutrophils 4.28×10^9/L, hemoglobin 48g/L, and platelets 15×10^9/L, the serum IL-6 
level was 56.38pg/mL, CRP was 172.78mg/L. His chest CT revealed bilateral multiple infiltrates. He was then diagnosed 
with severe COVID-19 infection. Tocilizumab was treated at 480mg at once. On February 14, the patient’s body 
temperature decreased to 38°C, and CRP decreased. The serum IL-6 levels sharply increased to 2778.07pg/mL and 
then decreased. The chest CT on February 17 showed a lung reduction. However, due to disease progression to acute 
leukemia, upon the request of the patient’s family, the patient was transferred to a local hospital for further treatment on 
March 14, 2023.

Results
This study included five cases of hematologic tumor patients with severe COVID-19 infection. A summary of the 
patient’s clinical characteristics and other medication information before tocilizumab administration can be found in 
Table 1. The clinical changes and laboratory examination results, including CRP (Figure 1), body temperature (Figure 2), 
oxygen requirements (Figure 3), and serum IL-6 concentrations (Figure 4), after tocilizumab treatment in the five cases 
are summarized. After tocilizumab treatment, two patients experienced Grade 1 liver function abnormalities with 
elevated alanine aminotransferase levels (one patient increased from 53 U/L to 101 U/L, and another patient increased 
from 75 U/L to 157 U/L). Both patients received hepatoprotective treatment, and their liver function recovered to normal 
within one week. None of the patients experienced Grade 3–4 hematological, cardiac, or renal toxicity during treatment.

Discussion
In this retrospective study, all five patients received tocilizumab immediately after being diagnosed with severe COVID-19 
infection. All patients showed effective disease control with rapid improvement in symptoms such as fever dyspnea and lab 
examinations such as CRP and CT pneumonia images without severe toxicity. One patient developed a secondary pulmonary 
fungal infection, and another died due to myelodysplastic syndrome progression—no deaths due to COVID-19 infection. Our 
experience suggests an early use of tocilizumab as soon as the patient met the diagnosis of severe COVID-19 infection and 
with an elevation of serum IL-6.

In three cases, there was an initial progressive increase followed by a subsequent decrease in serum IL-6 level after 
tocilizumab administration, which returned to normal within ten days. This clinical phenomenon is consistent with the 
findings of other reports.21–23 Zhao et al21 proposed that during COVID-19 infection, there is a rapid synthesis of IL-6, 
leading to a rapid increase in serum IL-6 levels in the body. By binding to the IL-6 receptor, tocilizumab does not affect 
the continuous synthesis of IL-6, resulting in the transient elevation of serum IL-6 levels. However, tocilizumab blocks 
the downstream effects of IL-6, preventing the inflammatory damage caused by IL-6. In this study, patients with elevated 
serum IL-6 levels after receiving tocilizumab did not experience worsened clinical symptoms.

According to the Diagnosis and Treatment Plan for Pneumonia Infected by Novel Coronavirus (10th Edition),11 

antiviral treatment is recommended for COVID-19 in moderate and minor patients. Tocilizumab treatment is recom-
mended first for COVID-19 severe/critical patients with elevated serum IL-6 levels. Tocilizumab combined with 
corticosteroid treatment is recommended for patients with hypoxemia. The number of cases in this clinical report is 
small, which is insufficient to conclude the true efficacy and safety of tocilizumab use in patients with hematologic 
tumors under severe COVID-19 infection. Some questions, such as whether tocilizumab can become a first-line 
recommended treatment for patients with blood tumors infected with COVID-19 and how to balance anti-tumor and 
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Table 1 The Clinical Characteristics of Patients Before Tocilizumab Administration

Characteristics Case 1 Case 2 Case 3 Case 4 Case 5

Age 71 67 54 68 32
Gender Female Female Female Female Male

Hematology malignancies Non Hodgkin 

lymphoma/ Chronic 
Myelogenous 

Leukemia

Multiple myeloma Acute leukemia Acute leukemia Myelodysplastic 

Syndrome

Treatment received by the patient Chemotherapy 
+Targeted therapy

CAR-T Chemotherapy Chemotherapy +HLA 
mismatched donor 

stem cell transfusion

Chemotherapy

Hematology malignant state First-line treatment Refractory Refractory Complete Remission Partial Remission
ECOG score 3 3 3 3 3

Accompanying diseases Cerebral infarction Chronic hepatitis B Chronic hepatitis B

Clinical and laboratory examinations
Heating (≥38.0°C) Yes Yes Yes Yes Yes

Dyspnea with hypoxemia Yes Yes Yes No Yes

Respiratory support High flow oxygen 
mask

High flow oxygen 
mask

High flow oxygen 
mask

Low flow oxygen High flow oxygen 
mask

Neutrophils (×10^9/L) 0.74 4.28 0.54 0.03 4.28

Hemoglobin (g/L) 84 105 58 46 48
Platelet (10^9/L) 61 176 103 41 15

Alanine transaminase (U/L) 75 15 24 17 53

Creatinine (μmol/L) 75 54 41 50 58
C-reactive protein (mg/L) 20.4 22.14 81.02 114.59 172.78

IL-6 (pg/mL) 193.69 287.74 133.48 56.38

HBV-DNA Negative Negative Negative Negative Negative
EB-DNA Negative Negative Negative Negative Negative

CMV-DNA Negative Negative Negative

COVID-19 nucleic acid CT value 28 N/A* 27 24 37
Treatment of chronic hepatitis B Entecavir Tablets 

0.5mg qd+Tenofovir 

Disoproxil Fumarate 
Tablets 300mg qd

Entecavir Tablets 

0.5mg qd

Treatment of COVID-19 

Nirmatrelvir/ritonavir No Yes Yes Yes Yes
Corticosteroid Yes Yes Yes No Yes

Note: *CT value not available.
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antiviral treatment, require further investigations. However, the current clinical treatment findings can lay the foundation 
for future research.

In summary, tocilizumab can suppress the cytokine storm induced by COVID-19 and appears to be an effective 
treatment strategy for severe COVID-19 infection in hematologic malignant tumor patients with abnormal immune 

Figure 1 Changes of CRP before and after tocilizumab treatment. Before tocilizumab treatment, all patients had higher than normal CRP values, and the first test after 
tocilizumab treatment showed that CRP values decreased significantly, and the median CRP value decreased from 34.71mg/L (20.4mg/L −172.78mg/L) before treatment to 
13.88 mg/L (7mg/L −39.21mg/L). Day 0 is when the first dose of tocilizumab was given. 
Abbreviation: CRP, C-reactive protein.

Figure 2 Changes in Body Temperature of patients before and after tocilizumab treatment. Before treatment with tocilizumab, all patients had fever (Tmax > 39°C), and 
after treatment with tocilizumab, body temperature decreased significantly within 24 hours, and the median Tmax decreased from 38.5°C (36.7°C-39°C) to 36.8°C 
(36.6°C-37.9°C). Day 0 is when the first dose of tocilizumab was given. 
Abbreviation: T, Temperature.
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Figure 3 Changes in Oxygen Requirements by patients before and after tocilizumab treatment. Four patients improved their oxygen demand within 1–3 days after receiving 
tocilizumab (case 4 did not develop hypoxia during the course of the disease), and the median oxygen flow rate decreased from 10 L/min (9 L/min-15L/min) to 3 L/min (3L/ 
min-10L/min). Day 0 is when the first dose of tocilizumab was given.

Figure 4 Changes of the serum IL-6 concentrations before and after tocilizumab treatment. The serum IL-6 concentrations of four patients before tocilizumab 
administration was 56.38–287.74pg/mL, which was higher than normal. After receiving tocilizumab, IL-6 levels first increased (362.85pg/mL −2778.07pg/mL) and then 
decreased (54.95pg/mL −574.37pg/mL). Case 3 did not monitor IL-6 before and after treatment. Day 0 is when the first dose of tocilizumab was given. 
Abbreviation: IL-6, interleukin-6.
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response abilities and minimal adverse events. However, the conclusions still need sufficient case numbers for further 
research and validation.
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