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Abstract

:

Simple Summary


Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) pandemic has impacted the world, generating a global health emergency. There is concern about whether cancer patients represent a especially vulnerable to population to this disease, and about the potential influence of different antineoplastic treatments on the risk of contracting the infection and its evolution. With this work, we intend to evaluate the impact of the first wave of the pandemic in our population of cancer patients, analyzing the characteristics and evolution of those patients admitted at our hospital with confirmed diagnosed of SARS-CoV-2 infection, as well as the presence of symptoms and acquired seroprevalence among patients under treatment with different antineoplastic drugs. This knowledge could help to optimize cancer patient management during this period of time, providing information on the risk and outcome of the infection for our patients, and the safety of cancer treatments.




Abstract


Background: Studies of patients with cancer affected by coronavirus disease 2019 (COVID-19) are needed to assess the impact of the disease in this sensitive population, and the influence of different cancer treatments on the COVID-19 infection and seroconversion. Material and Methods: We performed a retrospective analysis of all patients hospitalized with RT-PCR positive for COVID-19 in our region to assess the prevalence of cancer patients and describe their characteristics and evolution (Cohort 1). Concurrently, a transversal study was carried out in patients on active systemic cancer treatment for symptomatology and seroprevalence (IgG/IgM by ELISA-method) against Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) (Cohort 2). Results: A total of 215 patients (Cohort 1) were admitted to hospital with a confirmed COVID-19 infection between February 28 and April 30, 2020, and 17 died (7.9%). A medical record of cancer was noted in 43 cases (20%), 6 of them required Intensive care unit ICU attention (14%), and 7 died (16%). There were thirty-six patients (83%) who tested IgG/IgM positive for SARS-CoV-2. Patients on immunosuppressive therapies presented a lower ratio of seroconversion (40% vs. 8%; p = 0.02). In Cohort 2, 166 patients were included in a symptoms-survey and tested for SARS-CoV-2. Any type of potential COVID-19-related symptom was referred up to 67.4% of patients (85.9% vs. 48.2% vs. 73.9%, for patients on chemotherapy, immunotherapy and targeted therapies respectively, p < 0.05). The seroprevalence ratio was 1.8% for the whole cohort with no significant differences by patient or treatment characteristics. Conclusion: Patients with cancer present higher risks for hospital needs for COVID-19 infection. The lack of SARS-CoV-2 seroconversion may be a concern for patients on immunosuppressive therapies. Patients receiving systematic therapies relayed a high rate of potentially COVID-19-related symptoms, particularly those receiving chemotherapy. However, the seroconversion rate remains low and in the range of general population.
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1. Introduction


On 11 March 2020, the World Health Organization (WHO) declared a global pandemic for the Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) Virus (coronavirus disease 2019, COVID-19) [1]. From that moment to the present time, hundreds of thousands of cases have been declared worldwide [2,3]. The report on the COVID-19 situation in Spain on 6 April 2020 revealed a total of 132,032 confirmed cases [4], although there are epidemiological studies such as the one published by Imperial College of the University of Oxford that estimates that on 30 March 2020, the infection rate in Spain could have been 15% (representing 7 million infected people, with a range between 1.8 and 19 million infected) [5].



Risk factors associated with worse prognosis of the infection are advanced age and comorbidities such as high blood pressure, cardiovascular diseases, respiratory diseases, diabetes or immune-suppression. All of them seem to increase the risk of hospitalization, need for admission to Intensive Care Units (ICUs), and death [6]. However, data on the risk of infection in cancer patients are very scarce. The first analysis of the risk of COVID-19 infection in cancer patients comes from the study by Liang et al, conducted on the Chinese population [7]. The authors analyzed a total of 1590 COVID-19 infected patients, of which 18 had a cancer history, representing 1% of the total, when the prevalence of cancer among the Chinese population is 0.29%. Furthermore, cancer patients had a higher risk of severe events compared to the rest of patients (39 vs. 8%, p = 0.0003), especially among those who had received chemotherapy treatment or had undergone recent surgical intervention. These findings led the authors to conclude that there is an increased risk of infection and poor prognosis for cancer patients, and consequently to recommend the suspension or postponement of chemotherapy treatments and surgical interventions in stable patients [7].



In Spain, we lack information regarding the association of COVID-19 and cancer. Despite the fact that this group of patients is considered frail and a population at risk, the diagnosis of cancer has not been included in the list of comorbidities that appear in official records [4]. On the other hand, it is not only important to know the incidence and severity of COVID-19 in cancer patients, but also the impact of different treatments, such as chemotherapy, immunotherapy, hormone therapy or targeted therapies, in the development and evolution of the disease. It is relevant to highlight that in the aforementioned article by Liang et al, no cases of cancer patients undergoing immunotherapy treatment are reported [7], despite the fact that immunotherapy represents a significant percentage of the treatments administered today in different types of cancers [8]. This fact may be due to chance, given that the sample of patients with cancer observed was very small, due to less use of immunotherapy in the Chinese population compared to the Spanish population, or perhaps due to a hypothetical protective effect of immunotherapy against the infection or the development of severe symptoms that motivated hospital admission for COVID-19. If this protective effect of the antibody anti-Programmed cell Death-1 receptor/Programmed Cell Death-1 Ligand 1 (anti-PD-1/PD-L1) inhibitors against COVID-19 infection is confirmed, it would open a way of investigation for the possible inclusion of these drugs in the therapeutic arsenal for the treatment of the disease.



The undetectable ‘iceberg’ of mild infections or asymptomatic, and non-immunized groups of patients needs to be estimated to fully assess disease severity. There are two principal types of diagnostic methods available: molecular and serological tests. At present, much attention is on the SARS-CoV-2 molecular test (Real Time polymerase chain reaction, RT-PCR). However, the RT-PCR test is not useful to differentiate between highly infective viruses versus ones that have been neutralized by the host, and it cannot estimate immunity status against SARS-CoV-2 [4]. Serological status established by antibody tests can complement RT-PCR tests and provide a more precise estimate of SARS-CoV-2 incidence and by potentially detecting subjects with immunity against the COVID-19 disease, as these tests detect biomarkers of the immune response. Such information is crucial to assess immunity status and is particularly helpful for appropriate decisions in cancer patients.



It is necessary to clarify the incidence of COVID-19 infection and its relationship with different cancer therapies to make decisions regarding patients’ treatment. For this reason, we have performed an observational study in order to define the incidence of COVID-19 in cancer patients in our environment, as well as to identify the possible impact that immune checkpoint inhibitor (ICI) immunotherapy might have on this population as a possible protector against infection.




2. Material and Methods


2.1. Study Design and Participants


The study has been carried out in a single institution, Hospital Arnau de Vilanova de Valencia of Spain. Two different cohorts of patients have been analyzed. Cohort 1. Patients with a medical history of cancer admitted to hospital with nasal and/or pharyngeal swabs positive test for SARS-CoV-2 RNA with Real Time polymerase chain reaction (RT-PCR) assay (Allplex™ Next generation of Real time PCR, Seegene Inc., Seoul, Korea) to perform a retrospective non-interventionist descriptive analysis of clinical and pathological characteristics and evolution of this population. Seroprevalence of Immunoglobulin M and Immunoglobulin G (IgM/IgG) antibodies were performed by ELISA-method (LIASON SARS-CoV-2 S1/S2 IgG test and LIASON SARS-CoV-2 IgM test, DiaSorin, Saluggia, Italy) and were carried out within two months from the second negative RT-PCR. Cohort 2. Patients with confirmed diagnosis of solid cancer treated at the outpatient medical oncology consultations with anticancer therapies between 2 May and 30 June 2020, to perform a non-interventionist cross-sectional study to assess seroprevalence for SARS-CoV-2 infection and assess history of symptoms related with COVID-19 and correlate them with demographic and pathological variables, and type of oncologic therapy administered.




2.2. Study Variables


Clinical variables related to COVID-19 infection collected were: symptoms (cough, fever, dyspnea, sore throat, chills, vomiting, diarrhea, constitutional syndrome, and anosmia), severity and duration of symptoms, need for hospital admission, need of intensive care, treatment received and outcome (cure or death). Analytical variables collected were: hematological cell counts, lactate dehydrogenase (LDH) levels, coagulation parameters, C-Reactive Protein at day 1 of hospital admission (cohort 1) or at the moment of inclusion in study (cohort 2). Serological analysis for COVID-19 infection was performed by Enzyme-Linked ImmunoSorbent Assay (ELISA) method (LIASON SARS-CoV-2 S1/S2 IgG test and LIASON SARS-CoV-2 IgM test, DiaSorin, Saluggia, Italy). Clinical retrospective data for patients included in cohort 1 were obtained from medical records, including demographic and clinical characteristics, and laboratory parameters. Patients included in cohort 2 were asked to complete a survey of symptoms presented during the previous two months, as well as their duration and severity, and the need of medical assistance or hospitalization.




2.3. Statistical Analysis


Descriptive statistics were obtained for two continuous variables (age and symptom duration) and 23 categorical variables. Descriptive tables and charts were obtained aiming at exploring the relationship between the type of disease treatment (chemotherapy, immunotherapy, or targeted therapy), the presence and severity of symptoms compatible with COVID-19, and the serology and RT-PCR results. Alongside this, appropriate hypothesis tests were performed, mainly for information purposes, given the reduced number of positive results for both the antibodies and the RT-PCR tests. More precisely, Fisher’s exact test [9] was used to assess the association between pairs of categorical variables, using Mehta and Patel’s [10] extension on cases other than 2 by 2 contingency tables when needed. Wilcoxon’s rank sum test [11] was used to quantify the differences in the distribution of a continuous variable (symptoms duration, in our case) between the two groups defined by a categorical variable. All analyses were performed with R 4.0.2 (R Core Team, Vienna, Austria) [12] on a computer running a Windows operating system.




2.4. Ethical Considerations


Ethics Committee of Hospital Arnau de Vilanova de Valencia approved this study: Ethics Committee No. HAV-BAR-2020-03. At all times, the current legislation on data confidentiality will be followed: Organic Law 03/2018 on Data Protection of 5 December 2018, published in BOE no. 294, BOE-A-2018-16673”.



The authors have no relevant affiliations with any organization or entity with a financial interest in the subject matter or materials discussed in the manuscript. All enrolled patients in the transversal study signed informed consent. The ethics committee approved the management of the retrospective study without obtaining the informed consent from patients who died or those whose evolution did not allow us to collect it.





3. Results


3.1. Retrospective Study of Patients with Cancer Hospitalized with PCR Confirmed Diagnose of COVID-19 (Cohort 1)


Between 28 February 2020 to 30 April 2020, 215 patients were admitted in our institutions with a RT-PCR-confirmed COVID-19 infection, and 17 of them died (7.9%). A total of 43 patients (20%) had a history of cancer. The median age was 73 years, 28 were male (65%), and the most frequent cancer types were hematologic (25.6%), prostate (21%), breast (9.3), bladder (9.3%) and colorectal (9.3%). There were 37 subjects found symptomatic (86%) and 6 were asymptomatic (14%) to COVID-19. There were 29 patients (67%) who were long-cancer survivors; 33 (76.7%) had not received any cancer-related treatment in the previous three months. Finally, ten subjects (23.2%) were receiving active treatment for cancer at the time of COVID-19 infection: 4 targeted therapy, 1 endocrine therapy, and 5 chemotherapies. Patients on active treatments for cancer represented 4.7% of all COVID-19-related admissions.



Six patients (14%) required admission to the Intensive Care Unit, and seven patients died from COVID-19 (16%); none of them were on systemic therapy for cancer (Table 1). Among the survivors, the RT-PCR clearance was confirmed at a median of 24+/− 15 days from initial diagnosis. Seroprevalence was determined in 36 surviving patients (Table 1). Thirty patients showed seroconversion (83%), 22 IgM negative/IgG positive (IgM−/IgG+) (61%), and 8 IgM positive/IgG positive (IgM+/IgG+) (22%), while 6 remained IgM negative/IgG negative (IgM−/IgG−) (17%). Four of the 6 patients with a lack of seroconversion were receiving systemic therapy for cancer: Cisplatin-based chemotherapy in 2 cases and Rituximab in 2 cases, and the other 2 had mild COVID-19 disease. The lack of seroconversion was significantly higher among cancer patients receiving systemic therapies than the rest of the cancer patients (40% vs. 8% respectively; p = 0.02).




3.2. Transversal Study of Patients Treated with Anticancer Therapies. Cohort 2


Between 2 May to 30 June 2020, 166 patients treated with ongoing anticancer therapy were included. Table 2 summarizes clinical and pathological characteristics. Median age was 62.3 years; 96 were male (57.8%). Seventy-eight patients received chemotherapy (46.9%), 58 were on exclusive immunotherapy (34.9%) and 23 on a targeted therapy (13.8%). The most frequent cancer types were lung (29.9%), breast (18,6%), colorectal (15,5%), and bladder (5.4%). Most patients presented with stage IV disease (n = 83.5%) or stage III disease (n = 13.4%).



A total of 112 active cancer patients (67.4%) reported a potential COVID-19-related symptom during the previous two months to study inclusion (Table 2). The most commonly reported were: asthenia 46.3%, cough 22.8%, headache 16.8%, dyspnea 16.8%, anosmia 16.2%, odynophagia 14.4%, fever 12.6%, and vomits 7.83% (Figure 1). Thirty-five patients (21.8%) reported basal activity reduction and 26 (15.6%) required medical attention. Ten patients (6%) required hospitalization in the two month period and 30 (18.7%) were tested for COVID-19 RT-PCR by medical criteria with one positive case (0.6%). Patients on chemotherapy treatment who referenced any COVID-19 potentially related symptoms were significantly higher than patients on immunotherapy and targeted therapies (85% vs. 48.2% vs. 3.9%, respectively, p-value < 0.05). These differences between chemotherapy, immunotherapy, and targeted therapies were due to a higher ratio of vomits (15% vs. 1.7% vs. 0.0%), diarrhea (32% vs. 6.9% vs. 21.7%), asthenia (58.9% vs. 36.2 vs. 43.4%), anosmia (24.3% vs. 5.1% vs. 21.7%) and headache (20.5% vs. 8.6% vs. 30.4%); there were no significant differences in cough, fever, dyspnea, or odynophagia (Figure 1).



Neither were differences in symptoms-duration, activity reduction, medical consultation or hospitalization according to type or anticancer therapy (Figure 2).



A total of 3 patients (1.8%) had positive seroconversion against SARS-CoV-2. Two were on chemotherapy treatment, and the other one on targeted therapy, which represents a seroconversion rate of 2.4% for the chemotherapy group, 4.1% for targeted therapies, and 0% for the immunotherapy group (differences not statistically significant). The only symptom significantly associated to positive seroconversion was fever (10% vs. 0.75%, p-value < 0.05). There were no statistically significant differences between patients with positive and negative seroconversion according to symptoms duration (mean 7 vs. 3 days).





4. Discussion


Recent series have pointed out the increased risk for COVID-19 infection and aggressiveness among cancer patients [7,13,14,15]. At first sight, our series is in line with those reports; a high number of admitted patients had a history of cancer (18.1%), with a higher need of Intensive Care (15.3%) and risk of death (18%). Our data coincide with those published recently by Venkatesulu et al. [16], as these authors performed a meta-analysis and systematically reviewed 31 studies that included 181,323 patients with COVID-19 disease, 23,736 of whom had history of cancer. They found that the subgroup of patients with cancer had an increased risk of death (16 vs. 5.4%, p = 0.0009), and a higher risk of developing Severe Acute Respiratory Syndrome (SARS) (OR 2.59, p = 0.004) when compared with the global population [16]. However, a deeper analysis of our cohort identifies that most cancer patients were elderly, long-term survivors, with other concurrent, mostly respiratory, comorbidity factors. In fact, among patients on systemic treatment for cancer, the prevalence was low and the severity generally mild. None of the nine patients on systemic therapy for cancer required intensive care or died from COVID-19-related disease.



Acquisition of immunogenicity against SARS-CoV-2 infection was observed in 83% of patients with cancer history hospitalized with confirmed infection by RT-PCR. It is remarkable that seroconversion was conditioned by the standard cytotoxic or immunosuppressive anticancer agents, since up to half of patients on active therapy failed to generate an adequate immunological response to COVID-19. Similar results have been reported on the immunogenicity of influenza vaccine for patients on Rituximab or chemotherapy [17,18]. This suggests that the immunosuppression induced by such therapies modulates the response to SARS-CoV-2 virus.



Another interesting finding is that we failed to identify any patient on specific immune-check point inhibitor (ICIs) admitted with COVID-19-related symptoms. At present, up to 30% of cancer patients in our institution are receiving an ICI regimen. Liang et al. showed that patients with cancer undergoing chemotherapy or surgery in the past month have risk of severe complications in comparison with subjects that are not receiving recent therapy. Curiously, none of the subjects received ICIs treatment [7]. In addition, some reports suggest that patients on ICI treatments might generate an immune-system reinforcement that would modulate response and symptoms to virus infections, such as SARS-CoV-2 virus [19,20]. Our translational study identified a 1.8% seroprevalence for SARS-Cov-2 antibodies in cancer patients receiving any anticancer therapy, which is similar to the 2% of seroprevalence in global population in the area of Valencia, recently published [21]. Despite the intensity of the pandemic suffered in Spain, only 5% of the population presents seroconversion, with differences by regions ranging from 10% in Madrid to 2% in seaside areas, such as ours. They also reported a higher ratio of seroconversion in patients who presented symptoms compatible with COVID-19 vs. asymptomatic (16.9% vs. 2%), and in RT-PCR-confirmed infection vs. non-tested (90% vs. 4%). These data suggest that seroconversion might depend on the intensity of the infection, and agrees with our finding of a lower rate of seroconversion in asymptomatic or mildly symptomatic patients vs. severe symptomatic patients with RT-PCR-confirmed infection.



Patients under anticancer treatment might present many of these symptoms as a side effect of the therapy, which makes the interpretation of our results difficult. Nevertheless, it is remarkable that during the pandemic period a significant number of patients presented COVID-19-related symptoms, especially in the subgroups of patients treated with chemotherapy and targeted therapies. The ultimate cause of the low rate of seroconversion in our patients remains unclear. It might be due to a greater protection in isolation and compliance with social distances measures in this special population. However, it could also be produced by the deleterious effect of chemotherapy and other immunosuppressive therapies used for cancer treatment, which as we have found in the retrospective cohort could impact a deficient immune response to the viral infection. In addition, previous studies have shown that circulating antibodies against SARS-CoV or MERS-CoV last for one year [22,23]. IgG levels were sustained for more than two years after SARS-CoV infection [24]. However, one mathematical model suggests a short duration of immunity after SARS-CoV-2 infection [25].




5. Conclusions


Overall, we have not found a greater risk of COVID-19 infection in patients with cancer under oncological treatment when compared with the global population, nor a worse outcome for those patients hospitalized with COVID-19 disease. However, the immunosuppressive effect of some anticancer therapies could impact the immune-system response efficacy against the virus. International guidelines are recommending molecular and serological screening for SARS-CoV-2 infection in patients undergoing systemic cancer therapy. Our findings stress the importance of close monitoring of patients recovered from COVID-19 and particularly in the absence of serologic conversion. For this reason, our intention is to monitor over time the developed immunity in order to determine its durability and effectiveness.







Author Contributions


M.L.F.-M. and J.G.-N. had full access to all of the data in the study and take responsibility for the integrity of the data and the accuracy of the data analysis. M.L.F.-M. and J.G.-N. contributed equally as co-first authors. A.L.-C. contributed as senior author. Concept and design: M.L.F.-M., J.G.-N. and A.L.-C. Acquisition of data: All authors. Drafting of the manuscript: M.L.F.-M. and J.G.-N. Critical revision of the manuscript for important intellectual content: A.L-C. Statistical Analysis: V.G.-B. Administrative, technical or material support: All authors. Study supervision: J.G.-N. and A.L.-C. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Acknowledgments


We thank all the patients who consented to this study, and the frontline healthcare professionals who are involved in patients’ care during this pandemic. We also thank the technical assistants: M. Portero Hernández, A. Real Perez, and M. Ocasar García. VGB’s research work is partially supported by the Ministerio de Ciencia e Innovación of Spain under grant No. PID2019-110442GB-I00.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Adhanom Ghebreyesus, T. WHO—Director-General’s Opening Remarks at the Media Briefing on COVID-19; World Health Organization: Geneva, Switzerland, 11 March 2020; Available online: www.who.int/dg/speeches/detail/who-director-general-s-opening-remarks-at-the-media-briefing-on-covid-19-11-march-2020 (accessed on 11 March 2020).

	



Munster, V.J.; Koopmans, M.; Van Doremalen, N.; Van Riel, D.; De Wit, E. A Novel Coronavirus Emerging in China—Key Questions for Impact Assessment. N. Engl. J. Med. 2020, 382, 692–694. [Google Scholar] [CrossRef] [PubMed]

	



Johns Hopkins Coronavirus Resource Center. Coronavirus COVID-19 Global Cases by the Center for Systems Science and Engineering. 2020. Available online: https://coronavirus.jhu.edu/map.html (accessed on 26 August 2020).

	



Informe Sobre la Situación COVID-19 en España a 6 April 2020. Equipo COVID-19. RENAVE. CNE. CNM (ISCIII). Informe COVID-19 nº21. 6 April 2020. Available online: https://covid19.isciii.es/ (accessed on 6 April 2020).

	



Imperial College COVID-19 Response Team. Report 13: Estimating the Number of Infections and the Impact of Non-Pharmaceutical Interventions on COVID-19 in 11 European Countries. March 2020. Available online: https://spiral.imperial.ac.uk:8443/handle/10044/1/77731 (accessed on 6 April 2020).

	



Rothan, H.A.; Byrareddy, S.N. The epidemiology and pathogenesis of coronavirus disease (COVID-19) outbreak. J. Autoimmun. 2020, 109, 102433. [Google Scholar] [CrossRef] [PubMed]

	



Liang, W.; Guan, W.; Chen, R.; Wang, W.; Li, J.; Xu, K.; Li, C.; Ai, Q.; Lu, W.; Liang, H.; et al. Cancer patients in SARS-CoV-2 infection: A nationwide analysis in China. Lancet Oncol. 2020, 21, 335–337. [Google Scholar] [CrossRef]

	



Sharpe, A.H.; Pauken, K.E. The diverse functions of the PD1 inhibitory pathway. Nat. Rev. Immunol. 2018, 18, 153–167. [Google Scholar] [CrossRef] [PubMed]

	



Fisher, R.A. On the Interpretation of χ2 from Contingency Tables, and the Calculation of P. J. R. Stat. Soc. 1922, 85, 87. [Google Scholar] [CrossRef]

	



Mehta, C.R.; Patel, N.R. A Network Algorithm for Performing Fisher’s Exact Test in r × c Contingency Tables. J. Am. Stat. Assoc. 1983, 78, 427–434. [Google Scholar] [CrossRef]

	



Wilcoxon, F. Individual Comparisons by Ranking Methods. Biom. Bull. 1945, 1, 80. [Google Scholar] [CrossRef]

	



R Core Team. R: A Language and Environment for Statistical Computing; R Foundation for Statistical Computing: Vienna, Austria, 2020; Available online: https://www.r-project.org/ (accessed on 16 September 2020).

	



Kuderer, N.M.; Choueiri, T.K.; Shah, D.P.; Shyr, Y.; Rubinstein, S.M.; Rivera, D.R.; Shete, S.; Hsu, C.-Y.; Desai, A.; de Lima Lopes, G.; et al. Clinical impact of COVID-19 on patients with cancer (CCC19): A cohort study. Lancet 2020, 395, 1907–1918. [Google Scholar] [CrossRef]

	



Zhang, L.; Zhu, F.; Xie, L.; Wang, C.; Wang, J.; Chen, R.; Jia, P.; Guan, H.; Peng, L.; Chen, Y.; et al. Clinical characteristics of COVID-19-infected cancer patients: A retrospective case study in three hospitals within Wuhan, China. Ann. Oncol. 2020, 31, 894–901. [Google Scholar] [CrossRef] [PubMed]

	



Winter, A.K.; Hegde, S.T. The important role of serology for COVID-19 control. Lancet Infect. Dis. 2020, 20, 758–759. [Google Scholar] [CrossRef]

	



Venkatesulu, B.P.; Chandrasekar, V.T.; Girdhar, P.; Advani, P.; Sharma, A.; Elumalai, T.; Hsieh, C.; Elghazawy, H.I.; Verma, V.; Krishnan, S. A systematic review and meta-analysis of cancer patients affected by a novel coronavirus. medRxiv 2020. [Google Scholar] [CrossRef]

	



Van Assen, S.; Holvast, A.; Benne, C.A.; Posthumus, M.D.; Van Leeuwen, M.A.; Voskuyl, A.E.; Blom, M.; Risselada, A.P.; De Haan, A.; Westra, J.; et al. Humoral responses after influenza vaccination are severely reduced in patients with rheumatoid arthritis treated with rituximab. Arthritis Rheum. 2010, 62, 75–81. [Google Scholar] [CrossRef] [PubMed]

	



Rousseau, B.; Loulergue, P.; Mir, O.; Krivine, A.; Kotti, S.; Viel, E.; Simon, T.; De Gramont, A.; Goldwasser, F.; Launay, O.; et al. Immunogenicity and safety of the influenza A H1N1v 2009 vaccine in cancer patients treated with cytotoxic chemotherapy and/or targeted therapy: The VACANCE study. Ann. Oncol. 2012, 23, 450–457. [Google Scholar] [CrossRef] [PubMed]

	



Di Cosimo, S.; Malfettone, A.; Pérez-García, J.M.; Llombart-Cussac, A.; Miceli, R.; Curigliano, G.; Cortes, J. Immune checkpoint inhibitors: A physiology-driven approach to the treatment of coronavirus disease 2019. Eur. J. Cancer 2020, 135, 62–65. [Google Scholar] [CrossRef] [PubMed]

	



Bersanelli, M.; Scala, S.; Affanni, P.; Veronesi, L.; Colucci, M.E.; Banna, G.L.; Cortellini, A.; Liotta, F. Immunological insights on influenza infection and vaccination during immune checkpoint blockade in cancer patients. Immunotherapy 2020, 12, 105–110. [Google Scholar] [CrossRef] [PubMed]

	



Pollán, M.; Pérez-Gómez, B.; Pastor-Barriuso, R.; Oteo, J.; Hernán, M.A.; Pérez-Olmeda, M.; Sanmartín, J.L.; Fernández-García, A.; Cruz, I.; De Larrea, N.F.; et al. Prevalence of SARS-CoV-2 in Spain (ENE-COVID): A nationwide, population-based seroepidemiological study. Lancet 2020, 396, 535–544. [Google Scholar] [CrossRef]

	



Choe, P.G.; Perera, R.; Park, W.B.; Song, K.-H.; Bang, J.H.; Kim, E.S.; Bin Kim, H.; Ko, L.W.R.; Park, S.W.; Kim, N.-J.; et al. MERS-CoV Antibody Responses 1 Year after Symptom Onset, South Korea, 2015. Emerg. Infect. Dis. 2017, 23, 1079–1084. [Google Scholar] [CrossRef] [PubMed]

	



Cao, W.-C.; Liu, W.; Zhang, P.-H.; Zhang, F.; Richardus, J. Disappearance of Antibodies to SARS-Associated Coronavirus after Recovery. N. Engl. J. Med. 2007, 357, 1162–1163. [Google Scholar] [CrossRef] [PubMed]

	



Wu, L.-P.; Wang, N.-C.; Chang, Y.-H.; Tian, X.-Y.; Na, D.-Y.; Zhang, L.-Y.; Zheng, L.; Lan, T.; Wang, L.-F.; Liang, G. Duration of Antibody Responses after Severe Acute Respiratory Syndrome. Emerg. Infect. Dis. 2007, 13, 1562–1564. [Google Scholar] [CrossRef] [PubMed]

	



Kissler, S.M.; Tedijanto, C.; Goldstein, E.; Grad, Y.H.; Lipsitch, M. Projecting the transmission dynamics of SARS-CoV-2 through the postpandemic period. Science 2020, 368, 860–868. [Google Scholar] [CrossRef] [PubMed]








[image: Cancers 12 03513 g001 550] 





Figure 1. Relationship between the type of treatment and the presence or absence of symptoms. A star (*) means that there is a statistically significant association according to Fisher’s exact test [9] (sig. level = 0.05). 
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Figure 2. Relationship between the type of treatment and the severity of symptoms. No statistically significant associations were found according to Fisher’s exact test [9] (sig. level = 0.05). 
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Table 1. Demographic, clinical characteristic, and seroprevalence of COVID-19 infected cancer patients. Cohort 1.






Table 1. Demographic, clinical characteristic, and seroprevalence of COVID-19 infected cancer patients. Cohort 1.









	Characteristic
	Overall Cohort with COVID-19

Number (%)

(n = 43)





	Age (median)
	73 (46–91)



	Male
	28 (65)



	Clinical Expression
	



	Symptomatic
	37 (86)



	Asymptomatic
	6 (14)



	Cancer type
	



	Breast
	4 (9.3)



	lung
	2 (4.7)



	Prostate
	9 (21)



	Kidney
	3 (7)



	Bladder
	4 (9.3)



	hematology
	11 (25.6)



	Colon
	4 (9.3)



	other
	6 (14)



	Outcomes
	



	Hospitalization
	43 (100)



	Severe events
	14 (33)



	Intensive care unit
	6 (14)



	Death
	7 (16)



	Cancer Status
	



	Remission or no evidence of disease
	29 (67)



	Present, stable
	11 (25.6)



	Present and metastasis
	3 (7.7)



	Anticancer Therapy
	



	None a
	33 (76.7)



	Target therapy b
	4 (9.3)



	Hormonotherapy
	1 (2.3)



	Immunotherapy
	0



	Chemotherapy c
	5 (12)



	Radiotherapy
	0



	Seroprevalenced
	n = 36



	IgM−/IgG+
	22 (61)



	IgM+/IgG+
	8 (22)



	IgM−/IgG−
	6 (17)







Data were summarized as percentages and mean with standard deviation or as median with interquartile range (IQR). Data analysis was performed on 10 June 2020. a No systemic therapy within the 3 months before COVID-19 diagnosis. b Immunosupressants (Rituximab, Ustekinumab), c CDDP-Gemcitabine, Folfoxiri, CAPOX-Bevacizumab. d Serological study was not performed in the seven dead patients.
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Table 2. Demographic, clinical characteristic and seroprevalence of COVID-19 in patients receiving anticancer treatment. Cohort 2.






Table 2. Demographic, clinical characteristic and seroprevalence of COVID-19 in patients receiving anticancer treatment. Cohort 2.









	Characteristic
	Overall Cohort

Patients Number(%)

(n = 166)





	Age (median)
	63 (33–86)



	Male
	96 (57.8)



	Symptoms
	



	Symptomatic
	112 (67.4)



	Asymptomatic
	7 (32.6)



	Cancer type
	



	Breast
	31 (18.6)



	lung
	49 (29.5)



	Colon
	20 (12.5)



	Bladder
	9 (5.4)



	Gastric
	6 (3.61)



	Rectum
	6 (3.6)



	Ovary
	7 (4.2)



	ORL

Hepatocarcinoma

Pancreas

Other
	6 (3.6)

4 (2.4)

5 (3.0)

23 (13.8)



	Stage
	



	Stage IV
	137 (83.5)



	Stage III
	22 (13.2)



	Stage I-II
	5 (3.0)



	Anticancer Therapy
	



	Chemotherapy
	78 (46.9)



	Immunotherapy
	58 (34.9)



	Targeted Therapy
	23 (13.8)



	Symptoms
	



	Cough
	38 (22.8)



	Feber
	21 (12.6)



	Dyspnea
	28 (16.8)



	Odynophagia
	24 (14.4)



	Vomits
	13 (7.8)



	Diarrhea

Asthenia

Anosmia

Headache

Activity Reduction

Medical Consultation

Treatment Required

Hospitalization
	34 (20.4)

77 (46.3)

27 (16.2)

28 (16.8)

35 (21.0)

26 (15.6)

24 (14.4)

10 (6.2)



	Seroprevalence
	



	IgM−/IgG+
	2 (1.2)



	IgM+/IgG+
	1 (0.6)



	IgM−/IgG−
	163 (98.1)
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