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Short term safety of coronavirus disease 2019 vaccines in patients with solid tumors receiving systemic therapy
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Abstract
BACKGROUND
There are currently three coronavirus disease 2019 (COVID-19) vaccines approved by the United States Food and Drug Administration to prevent coronavirus infection. However, robust data are unavailable on the adverse events of the vaccines in patients with solid tumor malignancies undergoing systemic therapies. 

AIM
To evaluate the safety of COVID-19 vaccines in patients with solid tumors undergoing systemic therapies.

METHODS
The study included patients with solid tumors treated in an academic tertiary care center who received COVID-19 vaccination between January 1, 2021 and August 15, 2021, while undergoing systemic therapy. Electronic medical records were accessed to collect information on patient characteristics, systemic therapies, type of vaccine received, and adverse effects associated with the vaccine administration. Adverse events (AEs) were graded according to Common Terminology Criteria for Adverse Events, version 5.0.

RESULTS
The analysis included 210 patients; the median age was 70 years, and 51% of patients were female. The most common chemotherapy, immunotherapy, and targeted therapy administered were taxane-based regimens 14.2% (30/210), anti-programmed death 1 (PD-1) agents 22.8% (48/210), and antiangiogenic agents 7.1% (15/210), respectively. The most common cancers were gastrointestinal 43.8% (92/210), thoracic 30.4% (64/210), and genitourinary 17.6% (37/210). Patients received the following vaccines: 2 doses of BNT162b2 by Pfizer 52% (110/210), 2 doses of mRNA-1273 by Moderna 42% (89/210), and 1 dose of JNJ-78436735 by Johnson & Johnson 5% (11/210). At least 1 AE attributable to the vaccine was observed in 37 patients 17.6% (37/210). The total number of AEs attributable to vaccines was 62: Fifty-three grade 1 and nine grade 2. Most adverse events occurred after the second dose 59.7% (37/62). The most frequent grade 1 AEs included fatigue 17% (9/53), fever 15% (8/53), injection site reaction 13.2% (7/53), and chills 9.4% (5/53). The most frequent grade 2 AEs were fatigue 33.3% (3/9) and generalized weakness 22.2% (2/9). Therapy was delayed by 2 wk because of the AEs possibly related to vaccine administration in 3 patients 1.4% (3/210). 

CONCLUSION
The present study demonstrates that the adverse events associated with COVID-19 vaccination are infrequent, mild, and rarely delay treatment in patients with solid tumors receiving systemic therapies. 
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Core Tip: The current study evaluates the safety and spectrum of adverse events associated with coronavirus disease 2019 (COVID-19) vaccination in solid tumor patients receiving systemic therapy. While COVID-19 vaccination has been shown to be safe and effective in the healthy population, the data confirming the safety of COVID-19 vaccines in cancer patients are sparse. The lack of safety data in cancer patients has caused significant hesitancy to receive COVID-19 vaccination among the patient population with cancer. Our study showed that the administration of COVID-19 vaccines in solid tumor patients receiving systemic therapy is safe and should be encouraged.

INTRODUCTION
The coronavirus disease 2019 (COVID-19) pandemic, caused by infection with severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), has profoundly impacted and transformed healthcare systems across the globe. In addition to comprehensive modification in healthcare delivery, patients have encountered immeasurable emotional and socioeconomic hardships[1,2]. SARS-CoV-2 is a novel single-stranded, enveloped RNA virus that primarily spreads via the respiratory route and causes respiratory infection, including pneumonia with or without multiorgan failures[3]. While many patients remain asymptomatic, infection with the SARS-CoV-2 virus has been shown to cause a myriad of symptoms, including severe acute respiratory distress syndrome[1]. Analysis of comprehensive observational data has shown increased mortality, hospitalization, and intensive care admission in cancer patients who received anticancer therapy within 3 mo of infection[4,5]. A study from China reported a 3.5-fold increased risk of respiratory failure requiring mechanical ventilation in cancer patients infected with the SARS-CoV-2 virus[6]. The interplay between COVID-19 infection and cancer is complex, attributable to a wide variety of factors including immunosuppression, co-morbidities, aging, and the biology of the cancer itself[7]. 
The United States Food and Drug Administration approved three COVID-19 vaccines to prevent coronavirus infection. These include the BNT162b2 from Pfizer, mRNA-1273 from Moderna, and JNJ-78436735 vaccine from Johnson & Johnson. Patients with cancer should be considered a high-priority group for COVID-19 vaccination due to their higher risk of morbidity and death associated with COVID-19 disease[5,6,8-10]. However, the trials reporting efficacy and safety of COVID-19 vaccines were conducted in healthy volunteers, excluding the immunocompromised cancer patients on treatment[11-13]. Although several cancer societies recommend COVID-19 vaccination in patients with cancer, the data confirming the safety of vaccines are sparse[14,15]. This lack of rigorous scientific inquiry into vaccine safety has led to increased apprehension and hesitation to receive vaccination in the patient population with cancer. As the incidence of cancer continues to rise, solid tumor malignancies continue to emerge among the most prevalent diagnoses. Frequently used therapeutic regimens include chemotherapy, immunotherapy, and targeted therapy.  We conducted a study to assess the safety and determine the spectrum of adverse events (AEs) associated with COVID-19 vaccination in patients with solid tumors receiving systemic therapy.

MATERIALS AND METHODS
The aim of this study was to determine the real-world incidence and spectrum of AEs in patients with solid tumor malignancies receiving systemic therapy. This was a retrospective study of cancer patients who received COVID-19 vaccination between January 1, 2021 and August 15, 2021 at Froedtert and the Medical College of Wisconsin Cancer Center (Milwaukee, WI, United States of America). Inclusion criteria required that patients be at least 18 years of age at the time of inoculation and have a histologically confirmed solid tumor diagnosis for which they were receiving systemic therapy (chemotherapy, immunotherapy, or targeted therapy). Patients were excluded from the study if they had an active hematologic malignancy, were being treated with hormonal therapy, or had a benign tumor diagnosis that did not require anti-neoplastic treatment. Patients for this study were identified from the cancer center database using a tool available in the electronic medical record software (EPIC SlicerDicer tool). The initial screen identified 1480 cancer patients who received COVID-19 vaccines. Of these, 349 were omitted due to an active hematologic malignancy, and 183 patients were excluded due to diagnoses of benign solid tumors. An additional 401 patients who were receiving hormonal therapies (i.e., leuprolide for prostate cancer or tamoxifen/anastrozole for breast cancer) were excluded. Finally, 337 patients were excluded who were not receiving active treatment for malignancies (e.g., patients on surveillance following completion of their initial treatment) or active malignancies being treated with modalities other than chemotherapy, immunotherapy, or targeted therapies (e.g., radiation therapy). After review, 210 patients were found to meet the study requirements (Figure 1). Electronic medical records for these patients were examined to collect information on patient characteristics, tumor characteristics, details of systemic therapy, type of vaccine received, and any AEs associated with the vaccine administration. Clinic and hospital notes were further analyzed to capture AEs occurring in a period between the first vaccination and day 30 after the second/final vaccination. In the case of the Johnson & Johnson vaccines, patient charts were reviewed for the 30-d period following the single dose of vaccination. AEs were graded in accordance with version 5.0 of the Common Terminology Criteria for Adverse Events[16]. The institutional review board of the Medical College of Wisconsin approved this study protocol. 

RESULTS
Patient characteristic, systemic therapy, and vaccination types
Between January 1, 2021 and August 15, 2021, 210 patients were included in the study (Table 1). The median age of the cohort was 70 years (range, 23-91), 51% (108/210) of patients were female, and 87.1% (183/210) of the study population was Caucasian. Distribution of vaccine types included BNT162b2 from Pfizer 52.3% (110/210), mRNA-1273 from Moderna 42.3% (89/210), and JNJ-7843 vaccine from J&J 5% (11/210). All patients who received either the Pfizer or Moderna vaccine completed the 2-dose vaccination series. Gastrointestinal cancers were the most frequent diagnoses 43.8% (92/210), followed by thoracic cancers 30.4% (64/210) and genitourinary cancers 17.6% (37/210).  
In the study cohort, 117 patients were receiving systemic chemotherapy at the time of vaccination. The median age of this cohort was 69 years, with a slight female predominance at 53% (62/117). Distribution of vaccine types were BNT162b2 from Pfizer 55.6% (65/117), mRNA-1273 from Moderna 40.1% (47/117), and JNJ-7843 vaccine from J&J 4.2% (5/117). The most common chemotherapeutic regimens included were taxane-based 25.6% (30/117) regimens followed by oxaliplatin-based regimens 22.2% (26/117). 
Fifty-one patients were receiving immunotherapy at the time of vaccination. The median age of this cohort was 72 years, with a slight male predominance at 56.9% (29/51). Distribution of vaccine types were BNT162b2 from Pfizer 47% (24/51), mRNA-1273 from Moderna 45.1% (23/51), and JNJ-7843 vaccine from J&J 7.8% (4/51). The most common immunotherapeutic regimens consisted of programmed death 1 (PD-1) blocking agents 94% (48/51). 
Forty-two patients were receiving targeted therapy at the time of vaccination. The median age of this cohort was 68 years, with a slight female predominance at 57% (24/42). Distribution of vaccine types were BNT162b2 from Pfizer 50% (21/42), mRNA-1273 from Moderna 45.2% (19/42), and JNJ-7843 vaccine from J&J 4.8% (2/42). The most common targeted therapy treatment administered was Osimertinib 14.2% (6/42).  

Adverse events
The total number of AEs attributable to vaccination in the current cohort was 62 (Table 2). At least 1 unique AE was noted in 17.6% of patients (37/210). The number of patients who experienced any grade AEs was 20 in the chemotherapy group, 12 in the immunotherapy group, and 5 in the targeted therapy group. There were 33 AEs related to the Pfizer vaccine, 26 to the Moderna vaccine, and 3 to the J&J vaccine. In total, there were fifty-three grade 1 AEs 85.5% (53/62) and nine grade 2 AEs 14.5% (9/62). Following the first vaccination, there were twenty-one grade 1 and four grade 2 AEs. The most frequent grade 1 AEs were injection site reaction 23.8% (5/21), fatigue 23.8% (5/21), and fever 9.5% (2/21). The four grade 2 AEs noted included fatigue, nausea, chills, and maculopapular rash. Following the second vaccination, there were thirty-two grade 1 and five grade 2 AEs. The most frequent grade 1 AEs were fever 18.8% (6/32), fatigue 12.5% (4/32), chills 12.5% (4/32), and myalgia 12.5% (4/32). The five grade 2 AEs included 2 cases of fatigue, 2 cases of generalized muscle weakness, and 1 case of fever. 
Cumulatively, the most frequent grade 1 AEs included fatigue 17% (9/53), fever 15% (8/53), injection site reaction 13.2% (7/53), and chills 9.4% (5/53). The most frequent grade 2 AEs were fatigue 33.3% (3/9) and generalized muscle weakness 22.2% (2/9). Of the grade 2 AEs, 6 were associated with the Pfizer vaccine and 3 with the Moderna vaccine. No grade 2 AEs were noted in the J&J vaccine population.  In those who received the Pfizer or Moderna vaccine, the majority of AEs occurred after the second dose of vaccination 59.7% (37/62). 
Treatment was delayed in 3 patients 1.4% (3/210) after the second dose of the Moderna vaccine by 2 wk because of AEs possibly related to vaccine administration. None of the patients had displayed any AEs after the first vaccination dose. Two of these 3 patients receiving immunotherapy developed generalized weakness that resolved within 2 wk without any specific treatment. The third patient developed malaise and fatigue, which also resolved spontaneously. No grade 3-5 AEs or anaphylaxis were noted in this patient cohort. 

DISCUSSION
Data on the safety of COVID-19 vaccines in cancer patients undergoing systemic therapies are sparse. The current study aimed to address this unmet need by collecting data on COVID-19 vaccine-associated AEs in real-world cancer patients with solid tumors receiving various systemic therapies. The study revealed that COVID-19 vaccines cause infrequent and minor side effects in this patient population.
The pandemic caused by the novel coronavirus SARS-CoV-2 has significantly impacted cancer care delivery and cancer treatment globally. The COVID-19 pandemic has affected many aspects of cancer care, including delay in cancer diagnosis and treatment, the long-term ramifications of which are yet to be determined[15]. The rapid development of coronavirus vaccines has brought the hope of preventing infection and restoring normalcy. While the initial clinical trials with COVID-19 vaccines demonstrated a high safety profile of the vaccines in the healthy population[11-13], limited safety data have been reported in cancer patients. Consequently, significant hesitancy in adopting widespread vaccination has been observed among patients with active cancer[17-20]. In a cross-sectional, internet-based survey, hesitancy to receive COVID-19 vaccination was reported in 13.4% of patients with cancer[19]. In a study with breast cancer patients, 26% of patients were hesitant to receive vaccination due to their concerns regarding vaccine-related AEs[20]. As patients with cancer are at increased risk of COVID-19 infection-associated complications and mortality[8-10,21,22], data confirming the safety of COVID-19 vaccines in cancer patients are urgently needed. Our study provides important safety information on COVID-19 vaccines in cancer patients undergoing active cancer treatment.
Several studies have investigated the safety of COVID-19 vaccines (summarized in Table 3). Oosting and colleagues have reported a prospective, multicenter study from the Netherlands in which patients with solid tumors received the Moderna vaccine while undergoing treatment with chemotherapy, immunotherapy, or chemoimmunotherapy[23]. In this study, the incidence of grade 3 or worse AEs were reported in 2% of patients treated with immunotherapy, 2% of patients treated with chemotherapy, and 1% of patients treated with chemoimmunotherapy. No vaccine-related death was reported. A similar study from Italy reported that patients with solid tumors undergoing active treatment also demonstrated a low incidence of significant AEs associated with COVID-19 vaccination[24]. In this study, none of the 257 evaluable patients experienced grade 3 or higher AEs. The most frequently reported AE was injection site pain and/or redness occurring in 31.5% and 33.4 % of patients after the first and second vaccinations. The most frequently reported AEs after the first dose were weakness (7%), headache (8%), and muscle pain (2.7%), and after the second dose were weakness (8.9%) and fever (5.8%). A study from Israel also reported a low incidence of AEs in patients with solid tumors receiving immunotherapy with checkpoint inhibitors, with injection site pain being the most frequently reported AE at 21% (28/134)[25]. Several other studies have demonstrated similar results[26-29]. The results of our study, in conjunction with the studies discussed above, indicate that COVID-19 vaccination is safe in solid tumor patients undergoing active treatment. The high mortality rate associated with COVID-19 disease (as high as 40% in certain patient populations)[30] and the safety data available far justify routine COVID-19 vaccination in patients with solid tumors undergoing active treatment. This recommendation is further supported by several oncology societies[14,15] and echoed by the American Society of Clinical Oncology endorsement (https://www.asco.org/covid-resources/vaccines-patients-cancer) which states: At this time, patients undergoing treatment may be offered vaccination against COVID-19 as long as any components of the vaccine are not contraindicated.
It is important to reiterate that COVID-19 vaccines in cancer patients treated with immunotherapy did not cause a higher incidence of immune-related AEs, a finding supported by several other studies[23,25]. While 2 patients in our study receiving immune checkpoint inhibitors experienced treatment delay secondary to vaccination-associated AEs, their symptoms resolved quickly with supportive care only. The remaining patients in our immunotherapy cohort demonstrated mild grade 1 AEs with rapid resolution of symptoms. 
Although the current study provides valuable information on COVID-19 vaccine safety in a real-world setting, it has several limitations that include the inherent biases associated with a retrospective study design, modest sample size, and reliance on physician documentation for the data related to the AEs. 

CONCLUSION
Our study demonstrates that the COVID-19 vaccines cause infrequent and mild AEs in patients with solid tumors receiving systemic therapies. The study results support routine COVID-19 vaccination in cancer patients receiving active treatment.

ARTICLE HIGHLIGHTS
Research background
In the wake of the coronavirus disease 2019 (COVID-19) pandemic, the United States Food and Drug Administration approved 3 vaccines to prevent coronavirus infection. The rapidity of vaccine approval and the limited scientific inquiry into vaccine-related adverse events notably expanded apprehension towards vaccination in patients with malignancies. Our study reports real-world data on the severity and spectrum of adverse events in solid tumor cancer patients receiving systemic therapy.

Research motivation
The motivation behind this project was to promote awareness regarding the short-term safety of COVID-19 vaccines in cancer patients with solid tumor malignancies. Our results help lessen the societal apprehension and hesitation surrounding the safety of COVID-19 vaccination. 

Research objectives
The main objective of this study was to evaluate the short-term safety of COVID-19 vaccines in patients with solid tumors undergoing treatment with systemic therapies. Through rigorous analysis, we were able to document the incidence and spectrum of vaccine-related adverse events in our patient cohort. Our research forms the groundwork for future studies on long-term adverse events secondary to vaccination.

Research methods
Our study was a retrospective analysis of cancer patients who received COVID-19 vaccination between January 1, 2021 and August 15, 2021. Eligible patients were identified using the EPIC SlicerDicer tool in the Froedtert and the Medical College of Wisconsin Cancer Center database. Once identified, patients were further screened based on study inclusion/exclusion criteria. Electronic medical records for the final patients were examined to collect information on patient characteristics, tumor characteristics, details of systemic therapy, type of vaccine received, and any adverse events associated with the vaccine administration.

Research results
Analysis of our 210 patients revealed at least 1 adverse event attributable to vaccination in 17.6% of our study cohort. Of these adverse events, fifty-three were grade 1 and nine were grade 2. Our data further bolsters the sparse scientific literature regarding COVID-19 vaccination in patients with cancer. 

Research conclusions
The present study demonstrates that the adverse events associated with COVID-19 vaccination are infrequent, mild, and rarely delay treatment in patients with solid tumors receiving systemic therapies. This knowledge further begs the question of whether or not patients receiving systemic therapies are mounting an appropriate response to immunogenic antigens. Further scientific inquiry exploring vaccine efficacy and adverse events in our patient cohort vs a healthy control group could elucidate the role of systemic therapy in vaccine-related adverse events. 

Research perspectives
Future research will be focused on increasing study enrollment and exploring the long-term adverse events secondary to COVID-19 vaccination. 
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Figure 1 Consort diagram illustrating patient enrollment. COVID-19: Coronavirus disease 2019.



Table 1 Characteristics of solid tumor patients receiving coronavirus disease 2019 vaccination
	Patient characteristics
	n = 210, %

	Age at vaccination, median (range), yr
	70 (23-91)

	Sex
	

	Male
	102 (49)

	Female
	108 (51)

	Race
	

	Caucasian
	183 (87)

	African American
	19 (9)

	Other
	8 (4)

	Site of primary tumor
	

	Gastrointestinal 
	92 (44)

	Thoracic
	64 (30)

	Genitourinary
	37 (18)

	Other
	17 (8)

	Type of systemic therapy
	

	Chemotherapy 
	117 (56)

	Immunotherapy
	51 (24)

	Targeted therapy
	42 (20)








Table 2 Adverse events (AEs) observed with coronavirus disease 2019 vaccination in patients with solid tumors receiving systemic therapies 
	
	Chemotherapy 
	Immunotherapy 
	Targeted therapy

	Patient number
	117
	51
	42

	Median age (yr)
	69
	72
	68

	Gender (Male/Female)
	55/62
	29/22
	18/24

	Type of vaccine administered
(Moderna/Pfizer/J&J)
	47/65/5
	23/24/4
	19/21/2

	AEs (Grade 1 + 2), number (%)
	37 (60)
	18 (29)
	7 (11)

	Therapy delayed because of AEs, #
	1
	2
	0


AEs: Adverse events.














Table 3 Adverse events associated with coronavirus disease 2019 vaccination in published studies 
	Ref.
	Sample size (n)
	Cancer type
	Systemic therapy
	Vaccines administered
	Patients with Grade 3 or worse AE, %
	Immune-related AEs
	Comment

	Oosting et al[23]
	544
	Solid Tumors
	Chemotherapy; Immunotherapy; Chemoimmunotherapy
	mRNA-1273 (Moderna)
	10/544 (1.8%)
	4% in both immunotherapy and chemoimmunotherapy group
	Total 4 serious AEs were potentially related to the vaccination

	Cavann et al[24]
	257
	Solid Tumors
	Chemotherapy; Immunotherapy; Chemoimmunotherapy; Chemotherapy plus biological therapy; Biologic therapy
	Pfizer
Moderna
	0/257 (0%)
	NA
	Approximately 1/3rd of patients reported mild local reactions (pain, erythema) at the injection site

	Waissengrin et al[25]
	134
	Solid Tumors
	Immune checkpoint inhibitor; Chemoimmunotherapy
	BNT162b2 mRNA vaccine (Pfizer)
	0/134 (0%)
	Nonattributable to the vaccination
	Fatigue (34%), headache (16%), muscle pain (34%)

	Di Noia et al[26]
	816
	Solid Tumors
	Chemotherapy; Immunotherapy; Chemoimmunotherapy; Targeted therapy
	Pfizer
	3.3% after the 1st dose, 1.4% after the second dose
	NA
	AE occurred in 359 (44%) and 301 (38.3%) patients after the first and second dose, respectively

	Shmueli et al[27]
	129
	Solid Tumors
	Chemotherapy; Immunotherapy; Chemoimmunotherapy; Biological Therapy; Hormonal Therapy; Radiotherapy
	Pfizer
	0/129 (0%)
	NA
	AE was reported by 39% of patients after the first dose and 58% of patients after the second dose- all mild to moderate in severity

	Tamura et al[29]
	120
	Solid Tumor
	Chemotherapy; Immunotherapy; Targeted Therapy; Chemoimmunotherapy
	Pfizer Moderna
	0/120 (0%); CTCAE was not used  
	NA
	Study limited to patients receiving treatment for lung cancer only. No serious AEs or treatment delay was observed

	Kian et al[28]
	210
	Solid & Non-Solid Tumors
	Chemotherapy; Immunotherapy; Chemoimmunotherapy; Biological Therapy; Hormonal Therapy; Radiotherapy; Radio-hormonal; Chemo-biological
	Pfizer
	0.004% after 1st dose, 1.9% after the second dose 
	NA
	AE occurred in 65 (31%) and 65 (31%) patients after the first and second dose, respectively. Injection site pain was the most common AE after both doses


AEs: Adverse events; NA: Not available.
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