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Abstract
Background: 

COVID-19 serologic response in patients with cancer may be lower than in the general population and
may be in�uenced by the type of tumor or anticancer treatment. This study aims to analyze serological
response prior and after vaccination of COVID-19 within the oncological population in Andorra. We set
out to identify risk factors for a higher or lower serological response. 

Patients and methods

Observational, unicentric, prospective cohort study of oncologic patients in Andorra. We calculated
seroprevalence of antibodies against SARS-CoV-2 (May 2020-June 2021) and analyzed the main
demographic, oncologic features and factors associated with being seropositive. 

Results

A total of 373 patients were analyzed, mainly with solid malignancies (n = 334, 89.5%). At baseline,
seroprevalence was 13%, increasing during follow-up to 19%; lower seroprevalence was observed in
patients with hematologic malignancies (2.6% vs 14.2%; p= 0.041) and patients receiving biological
therapies (0% vs 15%, p=0.005). In the overall seroprevalence analysis, women (23% vs 11.9%; p=0.006)
and tumour-free patients (p=0.034) showed higher seroprevalence. The multivariable analysis showed
that odds of being seropositive were higher among women (OR: 2.44, 95% CI: 1.28-4.64), and patients
who underwent a surgery (OR: 3.35, 95% CI: 1.10-10.20). About 80% of the cohort received at least one
dose of COVID-19 vaccination, showing a higher seroprevalence of patients who received ChAdOx1-S
than those who received BNT162b2 (24.4% vs 6.4%: p=0.001). 

Conclusion

The seroprevalence of antibodies against SARS-COV-2 in oncologic patients in Andorra was higher
among females and patients who received hormonal therapy and surgery while patients with
hematologic malignancies and biologic therapies showed lower seropositivity without �nding differences
in the type of tumour or anticancer treatment. 

1. Introduction
On January 7th, 2020, Chinese authorities identi�ed SARS-CoV-2, a virus in the Coronaviridae family, as
the causative agent of a pneumonia outbreak in the Hubei Province1. On March 11th, 2020, the World
Health Organization (WHO) announced the disease coronavirus 2019 (COVID-19) as a pandemic2. To
date, the impact of the pandemic has been devastating, affecting over 422 million people worldwide with
more than 5.8 million related deaths as of 20 February 20223.
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Throughout 2020, oncologic care has been greatly impacted by the COVID-19 pandemic, including
treatment interruption due to both COVID-related morbidity as well as limited survival bene�t4. Despite
COVID-19 widespread involvement, little data on SARS-CoV-2 involvement in cancer patients was known
initially. Early studies in oncologic patients suggested an increased risk of contracting this viral infection
and developing complications related to COVID-195–9. Moreover, mortality from COVID-19 is higher within
the oncologic population, with patients treated with chemotherapy having up to a 20% mortality rate10–13.

Notwithstanding the recent published studies in oncologic patients, information about humoral response
in this population is scarce and further studies are therefore needed to con�rm whether the immune
response to SARS-COv2 is in�uenced by recent cancer treatments as well as by the pathophysiology of
the disease itself. Some studies pointed out a lower serological response in cancer patients receiving
anticancer treatment14 but whether this serological response is lower in immunosuppressed patients and
its length is little known. Hence, the evolution of serological response over time within the oncologic
population needs to be analysed.

This study aims to analyse serological response over a period of time of 12 months prior and after
vaccination of COVID-19 within the oncological population with active follow-up in Andorra according to
tumour type and treatment received. We set out to identify risk factors for a higher or lower serological
response.

2. Methods
Study Population, Setting, and Data Collection

We conducted a prospective observational study in Hospital Nostra Senyora Meritxell, the main hospital
in Andorra. Overall, the patient pool represents all oncologic patients followed by Hospital Nostra Senyora
Meritxell (Andorra) during the accrual period. This study included all patients ≥ 18 years of age with a
diagnosis of solid tumour or haematological malignancy in the last 5 years (from January 2016-May
2020) who participated in the nation-wide SARS-CoV-2 population screening in May 202015 with means
of serological testing and who provided informed oral consent. Patients who failed to provide informed
oral consent, had been cancer-free for the last 5 years or deceased before the start of the study from a
non-COVID-19 related death were excluded. Anonymized use of data was collected as per standard of
care.

Patients' clinical and personal data were obtained from medical records (HCIS, software SAAS) and
inputted into a database created for the purpose of this study
(https://forms.universaldoctor.com/form/study/covoncoand) with a software named Epidemix build to
reinforce pandemic studies. Patient characteristics data included age, gender, comorbidities (notably
COVID-19 risk factors) and drug history. Laboratory tests and microbiological results (cultures and non-
culture diagnostics such as fungal biomarkers and viral PCR results) were also collected. Moreover,
oncological characteristics included cancer diagnostic, stage, remission, and treatment (divided into
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active and naïve treatment, type and line of treatment). Lastly, COVID-19 characteristics included IgM and
IgG serological results, PCR results (if available), symptomatology, con�rmed COVID-19 contact,
hospitalisation and treatment.

De�nitions

Overall seroprevalence was de�ned as the number of individuals who had a positive result of IgG and/or
IgM at any of the two surveys. Consequently, to calculate the overall proportion of seronegative
individuals we used a numerator which includes those participants with a negative result in both surveys,
an inconclusive result and one inconclusive result, or with just one negative result if the individual only
participated in one survey. Seroconversion was de�ned as a transition of the test results (IgM or IgG)
from negative to positive. Seroreversion was de�ned as a transition of the test results for IgG or IgM
against SARS-CoV-2 from positive to negative results during the study. Inconclusive results were those
that could not be interpreted correctly. Active oncological treatment was de�ned as patients receiving
systemic anticancer agents (including chemotherapy, radiotherapy, biologic therapy, hormonal therapy,
immunotherapy, surgery and combinations) 3 months prior to May 2020. Treatment-naïve was de�ned as
patients with an oncologic diagnosis who were not receiving any treatment for their oncologic diagnosis
3 months prior to May 2020.

Study timeline

Accrual period was from May 2020 to July 2021. To analyse serological response over time, the
established accrual period was divided into four subgroups: Baseline serology (S0): May 2020 (during
Andorra’s nation-wide serologic screening programme)15, serology at 6 months (S6), up to 6 months after
baseline serologies (November 2020-December 2021) serology at 12 months (S12), serologies performed
up to 12 months after baseline (May-June 2021) and overall serology. The vaccination campaign in
Andorra started in January 2021.

Study procedures

In May 2020, through mass media and social media announcements, the Andorran population was
invited to participate in a nation-wide serology screening. Online registration for this screening was
conducted through http://coronavirus.govern.ad/. Oncologic population who participated in the nation-
wide screening campaign, were invited to participate in COVONCO study during their regular visits in the
Oncologic Department. Plasma serological tests were performed 6 and 12 months after the initial
serological test, coinciding with the follow-up analyses of the oncology process.

Serologic test

Livzon® rapid tests were employed during May 2020 (as part of the May 2020 national screening
campaign), a diagnostic kit for IgM/IgG antibody detection against SARS-Cov-2 based on a lateral �ow
assay (nCOV 2019 IgG/IgM- Zhuhai Livzon Diagnostics, Inc. - IgM and IgG kits, Colloidal gold). The test



Page 6/20

was selected based on a list of recommended tests from FIND (Foundation for Innovative Diagnostics)
(https://www.�nddx.org/sarscov2-eval-antigen/). It detects IgM and IgG on the same test providing a
maximum combined sensitivity and speci�city of 90.6% and 99.2%, respectively (according to the
manufacturer). The combined sensitivity (IgM-IgG) ranged from 0.72–0.78 depending on the days since
symptoms onset (7 or 14 days) 0.71–0.81 when positive samples were PCR-con�rmed. Speci�city ranged
from 0.98–0.9915.

Antigen-speci�c humoral immune response was analysed using two commercial immunoassays: �rst, in
June 2020, Elecsys Anti-SARS-CoV-2 assay (Roche Diagnostics, Mannheim, Germany), an
electrochemiluminescence immunoassay was used for in vitro qualitative detection of total (IgG + IgA + 
IgM) nucleocapsid (N) -speci�c antibodies in patient serum. In December 2020, a quantitative
electrochemiluminescence assay was added to detect total antibodies (IgG + IgA + IgM) against SARS-
CoV-2 spike protein (S) receptor-binding domain (RBD) (Elecsys Anti-SARS-CoV-2 S assay, Roche
Diagnostics, Mannheim, Germany). Results were automatically reported as the analyte concentration in
U/mL, considering positive results ≥ 0.80 U/mL, with measuring range from 0,4 U/mL to 250 U/mL.
Correlation between U/mL and BAU/mL (WHO International Standard Binding Antibody Units) was U is
0,972 BAU. Both techniques were performed on the Cobas e601 module (Roche Diagnostics, Mannheim,
Germany).

Statistical analysis

Descriptive statistics for quantitative variables are expressed as median and interquartile range (IQR) or
mean and standard deviation (SD). Categorical variables are expressed as absolute and relative
frequencies. In the bivariate analysis, quantitative variables were compared with a student’s t test or a
Wilcoxon test depending on data characteristics. For categorical variables a chi-squared test was used.
Variables with a signi�cance level of < 0.10 in the bivariate analysis were included in the multivariate
analysis. The �nal model was obtained using stepwise backward elimination process. Odds ratios (OR)
with their 95% CI were calculated. The analysis was performed with software SAS v9.4 (SAS Institute Inc.,
Cary, NC, USA). The signi�cance level was set at p < 0.05.

Ethical considerations

The protocol of the study was approved by the relevant Andorran regulatory agencies and the local
Research Ethics Committee. Participation in the study was entirely voluntary. The Institutional Review
Board of the Servei Andorrà Atenció Sanitaria (SAAS) approved the study.

3. Results

Demographics, oncologic features, and outcomes.
Of 477 oncologic patients who meet inclusion criteria, we �nally analysed a total of 373 patients, see Fig.
1. Clinical and demographic features of this patient population are described in Table 1. Most of the
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patients were women (n = 213, 57.1%) with a mean (± SD) age of 60.19 (± 13.3) years (range 22–89).
Solid malignancies (n = 334, 89.5%) predominated over hematologic malignancies, with breast cancer
representing the most common primary site (n = 114, 30.6%) followed by colorectal cancer (n = 73,
19.6%), genitourinary cancer (n = 34, 9.1%) and lung cancer (n = 23, 6.2%). Among hematologic
malignancies, lymphoma (n = 25; 6.7%) and multiple Myeloma (n = 9; 2.4%) were the most common.
Comorbidities were present in 224 patients (60.1%), hypertension (n = 102, 45.5%) being the most
prevalent, followed by chronic cardiovascular disease (n = 51, 22.8%) and diabetes (n = 47, 21.0%).
Around half of the cohort (n = 208, 55.8%) was tumour-free at database lock. Most patients were
outpatients, (n = 101, 64.7%) presented an ECOG performance status of 0 and 70 (18.8%) presented
metastatic disease. A total of 171 (45.8%) were undergoing active treatment during the study period;
chemotherapy (n = 79, 21.2%) was the most common treatment, followed by hormonal therapy (n = 69,
18.5%), biologic treatments (n = 48, 12.9%) and radiotherapy (n = 22, 5.9%). Only 29 patients (7.8%)
presented symptoms at onset of test, being fever (n = 18, 62.1%), cough (n = 17,58.6) and malaise (n = 
18,62.1%) the most prevalent symptoms. Only 3 (0.8%) patients presented pneumonia. 
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Table 1
Characteristics of oncological patients

Characteristics No. (%)

(N = 373)

Age (mean, SD) 60.1 (SD 13.3 )

Male 160 (42.9)

Female 213 (57.1)

Comorbidities 224 (60.1)

Hypertension 102 (45.5)

Chronic Cardiovascular Disease 51 (22.8)

Diabetes 47 (21.0)

Chronic Pulmonary Disease 40 (17.9)

Renal impairment 25 (11.2)

Obesity 23 (10.3)

Treatment within 30 days 184 (49.3)

Corticosteroids 39 (21.2)

Antibiotics 15 (8.2)

Underlying oncologic disease  

Solid tumour 334 (89.5)

Breast cancer 114 (30.6)

Colorectal cancer 73 (19.6)

Genitourinary cancer 34 (9.1)

Lung cancer 23 (6.2)

Others 90 (24.1)

Hematologic disease 39 (10.5)

Lymphoma 25 (6.7)

Multiple Myeloma 9 (2.4)

Chronic myeloid leukaemia 3 (0.8)

Acute myeloid leukaemia 1 (0.3)

Cancer relapse 58 (15.5)
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Characteristics No. (%)

(N = 373)

Cancer status

Tumour free 208 (55.8)

Located 95 (25.5)

Metastatic 70 (18.8)

Oncologic Therapy

Active treatment 171 (45.8)

Chemotherapy 79 (21.2)

Hormonal therapy 69 (18.5)

Biologic treatment 48 (12.9)

Radiotherapy 22 (5.9)

Immunotherapy 18 (4.8)

Surgery 17 (4.6)

TKIs 12 (3.2)

Regarding outcomes, 50 (4.8%) patients required hospital admission with 5 (0.5%) patients being
admitted to ICU. Moreover, 8 patients (0.8%) reported complications, with 3 (4.3%) of them being hospital
acquired infections. 24 patients (2.3%) passed away, of which 5 were in palliative care.

Seroprevalence at S0
Seroprevalence in oncologic features at S0 are represented in Table 2. Forty-eight (13%) patients were
seropositive at S0. Women presented with higher seropositivity (17% vs 7.6%, p = 0.008), with no
differences observed in age, comorbidities, or previous treatment received. Patients with haematologic
malignancies presented lower seropositivity compared to solid tumours (2.6% vs 14.2%; p = 0.041).
Nevertheless, no statistically signi�cant differences were found between types of cancer at S0. Higher
percentages of seropositivity were observed in patients with ECOG score 0–1, although these differences
are not statistically signi�cant (p = 0.082). Regarding tumour status, the percentage of positive serologies
were higher among tumour-free patients (p = 0.006). Higher seroprevalence was also observed in patients
with COVID-19 related symptoms (38% and 11% respectively, p < 0.001), especially in patients with cough
(p = 0.047). Interestingly, a lower seropositivity was observed among patients undergoing biological
therapies (0% vs 15%, p = 0.005). Conversely, patients with hormonal therapy presented higher
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seropositivity than patients with other treatments (20% and 11%, p = 0.045). Similar results were observed
in patients who had undergone surgery (29% and 12% respectively, p = 0.039). No statistically signi�cant
differences were found between S0 and other anticancer treatments. Patients who received one or two
lines of treatment tended to present a higher percentage of positive serologies (p = 0.084). 
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Table 2
S0 and Overall seroprevalence in cancer patients

Characteristics S0 Overall Seroprevalence

Seropositive

n = 48 (%)

P-value Seropositive

n = 68 (%)

P-value

Age (mean, SD) 59.6 (13.2) 0.586 58.1 (12.84) 0.152

Male, n (%) 12 (7.6) 0.008 49 (23.0) 0.006

Female, n (%) 36 (17.0) 0.008 19 (11.9) 0.006

Comorbidities 24 (10.8) 0.119 35 (15.6) 0.110

Solid Tumour        

Breast cancer 17 (15.0) 0.432 23 (20.2) 0.519

Colorectal cancer 11 (15.1) 0.552 15 (20.5) 0.567

Genitourinary 2 (6.3) 0.236 4 (11.8) 0.306

Lung cancer 2 (8.7) 0.528 4 (17.4) 0.914

Hematologic disease 1 (2.6) 0.041 5 (12.8) 0.355

Cancer relapse 4 (7.0) 0.146 7 (12.1) 0.186

Cancer status        

Tumour free 37 (18.0) 0.006 47 (22.6) 0.034

Located 6 (6.4) 0.006 10 (10.5) 0.034

Metastatic 5 (7.1) 0.006 11 (15.7) 0.034

Oncologic Therapy        

Active treatment 22 (12.9) 0.987 32 (18.7) 0.824

Chemotherapy 9 (11.4) 0.637 16 (20.3) 0.600

Hormonal therapy 14 (20.3) 0.045 15 (21.7) 0.403

Biologic treatment 0 (0.0) 0.005 4 (8.3) 0.057

Radiotherapy 4 (18.2) 0.453 4 (18.2) 0.995

Immunotherapy 2 (11.1) 0.810 2 (11.1) 0.423

Surgery 5 (29.4) 0.039 6 (35.3) 0.062

TKIs 0 (0.0) 0.174 0 (0.0) 0.096

Lymphocytes/100L median (IQR) 1960 (970) 0.309 1970 (1030) 0.099
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Characteristics S0 Overall Seroprevalence

Seropositive

n = 48 (%)

P-value Seropositive

n = 68 (%)

P-value

Neutrophils median (IQR) 3385 (2135) 0.523 2940 (1860) 0.659

COVID-19 related symptoms 11 (37.9) < 0.001 18 (62.1) < 0.001

Seroprevalence over time
Seroprevalence throughout the study is described in Fig. 1. About half of the cohort only has one serology
measurement, 27.6% of the cohort have two measures and 20.9% of the cohort have three measures. A
total of 305 patients (81.8%) were negative in all serologies, 23 patients (6.2%) remain seropositive along
the study, 20 patients (5.4%) seroconverted and 25 (6.7%) seroreverted. Similar to S0 serologies,
seropositivity in S6 was higher among women (14.5% and 1.5%, p = 0.011) and among patients with a
COVID-19 symptoms (p < 0.001). Conversely, no statistically signi�cant differences were observed in the
rest of analysed variables. In S12 we observed higher seropositivity associated with a COVID-19
symptoms (p < 0.001) but did not observe any differences in sex neither other variable. In the overall
seroprevalence analysis, 68 (18%) patients were seropositive, see Table 2. Women also showed higher
seroprevalence (23% vs 11.9%; p = 0.006) as well as having an ECOG score 0–1 (p = 0.031), being tumour-
free (p = 0.034) and having COVID-19 related symptoms (62.1% vs 14.5%; p < 0.001). Patients who
received biological therapy showed trends to be lower in overall seropositivity (p = 0.057) with no
statistical differences observed in the rest of variables.

Regarding serology evolution during follow-up, statistical differences in sex were observed (p = 0.036)
and persisted over the time (p = 0.194), Fig. 2a. This difference was also observed in patients with COVID-
19 related symptoms (p < 0.001) and persisted over time (p = 0.282), Fig. 2b. Conversely, these differences
were not observed in the rest of analysed variables.

Multivariable analysis of factors affecting seroprevalence
Table 3 describes bivariate and multivariable analysis of overall serology. The odds of being seropositive
were higher among women (OR: 2.44, 95% CI: 1.28–4.64), and have received a surgery (OR: 3.35, 95% CI:
1.10–10.20). In contrast, lymphocytes values or tumour status did not show a signi�cant risk of being
seropositive. 
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Table 3
Bivariate and multivariable analysis overall serology

Characteristics Bivariate Odds Ratio (95% CI) Multivariate Odds Ratio (95% CI)

Sex F/M 2.22 (1.24;3.95) 2.44 (1.28; 4.64)

Age 0.99 (0.97;1.00)  

Comorbidities no/yes 1.54 (0.90; 2.61)  

Treatment within 30 days no/yes 1.50 (0.88; 2.55)  

Solid tumour yes/no 0.63 (0.24; 1.69)  

Haematologic disease no/yes 1.58 (0.59; 4.22)  

Lymphocytes/100L 1.02 (0.94; 1.11) 1.06 (0.99; 1.14)

Symptoms 9.62 (4.28; 21.6)  

Relapse no/yes 1.75 (0.75; 4.06)  

Cancer status    

Tumour free vs Located 2.48 (1.19; 5.17) 2.19 (1.00; 4.81)

Tumour free vs Metastatic 1.57 (0.76; 3.29) 1.40 (0.65; 3.02)

Metastatic vs Located 1.58 (0.63; 3.98) 1.57 (0.59; 4.17)

Oncologic therapy    

Active treatment yes/no 1.06 (0.63; 1.80)  

Chemotherapy yes/no 1.18 (0.63; 2.21)  

Hormonal therapy yes/no 1.32 (0.69; 2.51)  

Biologic treatment no/yes 2.70 (0.93; 7.81)  

Radiotherapy yes/no 1.00 (0.33; 3.06)  

Immunotherapy no/yes 1.83 (0.41; 8.18)  

Surgery yes/no 2.59 (0.92; 7.28) 3.35(1.10;10.20)

COVID-19 vaccination
Two hundred ninety-�ve (79.1%) patients received a �rst dose of vaccine, 91 (30.8%) patients receiving
P�zer-BioNTech (BNT162b2) and 204 (69.2%) Oxford/AstraZeneca (ChAdOx1-S) while 289 (77.5%)
patients received a second dose, 118 (40.8%) patients BNT162b2 and 171 (59.2%) ChAdOx1-S.
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Interestingly, at S12 analysis, patients who received a �rst dose of vaccination with ChAdOx1-S presented
higher seroprevalence than those who received BNT162b2 (24.4% vs 6.4%: p = 0.001) as well as a second
dose with ChAdOx1-S (29.0% vs 6.8%; p = 0.002). These differences were not observed at S6 analysis
coinciding with the start of the vaccination campaign. Regarding serology over time, no differences were
observed in serology among the �rst dose of COVID-19 vaccine nor second dose of vaccine. Otherwise,
statistically signi�cant differences were observed in patients who received a second dose of vaccine, with
a higher seroprevalence in those who received ChAdOx1-S in S12 analysis (p = 0.029), Fig. 2d. This
difference was not observed in the �rst dose of vaccine.

4. Discussion
To our knowledge, this study is one of the largest COVID-19 serology studies with an oncologic cohort in
vaccine-naive and post-vaccine patients. Moreover, this study is unique in analysing a nationwide
oncological population, with 373 patients and a follow-up of over 12 months. Seroprevalence at S0 was
13%, increasing during follow-up to 19% coinciding with the start of Andorra’s vaccination campaign.
Interestingly, we observed higher seroprevalence among women. Haematologic patients presented with
lower seroprevalence than patients with solid tumours, without observing differences between types of
tumours. We observed higher seroprevalence among patients who underwent surgery and those who
received hormonal therapy in contrast to those who received biologic therapy. In the overall analysis, only
the presence of surgery and female sex were independent risk factors for increased seropositivity. Finally,
77.5% of the cohort received two doses of COVID-19 vaccine, without observing differences in
seroprevalence and number of vaccines. Patients with a second dose of ChAdOx1-S vaccine had higher
seropositivity in the S12 analysis.

We observed a seroprevalence of 13% at S0, higher than the general Andorran

population15 and other seroprevalence studies conducted at the same time15–22. Seroprevalence
increased up to 17.9% in S12 analysis after the vaccination campaign and overall seroprevalence was
18.2%. To our knowledge, a few seroprevalence studies have focused on the oncologic population prior to
vaccination. Cabezón-Guiterrez et al21 concluded that the seroprevalence of the oncological population
was 31.4% and higher than the general population21, which is similarly to Zambelli et al23, with a
seroprevalence of 31%. Other studies within the oncology population focus on the prevalence of COVID-
19 infection con�rmed with RT-PCR14,21.

Differing from other studies that observed a higher COVID-19 involvement in the male sex, we found that
females presented higher seroprevalence15,24. A striking �nding was that these differences were observed
throughout the study and persist over time. Moreover, in the multivariate analysis, females were a risk
factor for seropositivity. This fact could be explained by the general hypothesis that females develop
stronger innate and adaptive immune responses than males25. Thus, females might present with positive
serology and less clinical impact than males. Conversely, while other studies identi�ed older age as a risk
factor for a positive serology, we did not observe differences between age groups or over time.



Page 15/20

Recent studies similarly found a lower rate of seropositivity within the haematological malignancies
cohort after vaccination26,27. This may be explained by the greater immunosuppression presented by
hematologic malignancy itself and treatments received, conferring a worse prognosis in those
patients21,28. The fact that we did not observe a signi�cant difference between serology and tumour type
might be explained by the overrepresentation of breast cancer within our cohort, as this cancer tends to
present in younger �tter patients. Similarly, our �ndings of comorbidities not being associated with a
positive serology might also be associated with most of our cohort being younger than 65 years old.
However, our �nding of tumour-free patients being more likely to have a positive serology is likely linked
to over half of our study cohort being tumour-free.

Interestingly, we found lower seropositivity in patients who received biologic therapies in the S0 analysis,
probably caused by increased immunosuppression in these patients. Some studies already point to an
increased risk of infection and severity in patients receiving these treatments28. However, �rm
conclusions cannot be drawn due to the small sample size and these �ndings not being con�rmed in the
overall analysis. Contrastingly, we found higher seropositivity in patients with hormonal therapy as well
as patients who underwent surgery, although only patients who had received surgery demonstrated a
higher risk in the multivariate analysis. Consistent with other studies, in which patients receiving
hormonal therapies demonstrated high seroconversion after vaccination, it has been also postulated that
androgen deprivation therapy may have a bene�cial role in viral replication due to an androgen-regulated
serine protease26,29. However, we did not �nd differences in seroprevalence with other anticancer
treatments seen in other studies suggesting that the type of treatment does not in�uence the severity or
the increase in mortality from COVID-1930. Conversely, another study concluded that chemotherapy led to
higher mortality in patients with haematological malignancies21. Similarly, chemotherapy has been linked
to higher risk of developing COVID-1928. Therefore, randomised multicentre studies are needed to clarify
these concerns.

Cancer status also plays an important role in patient immunosuppression, as observed in the S0 analysis
as tumour-free patients showed a higher seropositivity compared to those with tumour located or
metastatic cancers. This difference was also observed in overall analysis but was not related as an
independent risk factor for seropositivity.

Andorra’s nation-wide vaccination programme started throughout our study period. This is further evident
as 79.1% of our cohort received the �rst COVID-19 dose while 77.5% received the second dose and
seroprevalence increased along the study. These percentages are slightly higher than the general
Andorran population at that time, since oncologic patients were an initial target for the vaccination
campaign. One interesting �nding in our study was a higher serological response among patients who
had received a second dose of ChAdOx1-S vaccine, especially in S12 analysis. A recently published
metanalysis showed seroconversion rates after COVID-19 vaccination in cancer patients involving 17
studies; only 4 studies included the ChAdOx1-S vaccine with BNT162b2 and only concerning patients
with hematologic malignancies31. While some studies showed no differences in seroconversion
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according to which vaccine was received32–35, only one study showed higher antibody titters after the
�rst and second dose of BNT162b2 among patients with lymphoma35. Nevertheless, these studies are
limited in patients with certain haematological malignancies and cannot be extrapolated to the general
oncology population. Whether the serological response after vaccination in solid tumours patients and
in�uence of treatments received is not yet clari�ed so further studies are needed.

This study has several strengths. Given the nationwide size of our cohort, it is one of the largest studies
observing serologic response during one year in cancer patients. Moreover, when compared to similar
studies, the broad representation of multiple solid tumours within our oncologic cohort stands out.
Additionally, access to a single database with all the country’s medical records allowed for thorough
detail into speci�c characteristics as well as homogeneity within records.

However, this study has several limitations. Firstly, its lack of a matched control group prevented us from
directly comparing between the oncologic population and non-oncological population. Secondly, the
heterogeneity of the cohort, which limits the conclusions obtained, especially when comparing different
oncologic treatments. Thirdly, missings during follow-up study. Additionally, patients being vaccinated
during our follow-up period might have altered the results of serologies.

In conclusion, we analysed a large cohort of oncologic patients observing a higher seroprevalence among
females and patients who received hormonal therapy and surgery while patients with hematologic
malignancies and biologic therapies showed lower seropositivity without �nding differences in the type
of tumour or anticancer treatment. Prospective study and larger samples are needed to better understand
the effect of humoral response among oncologic patients. Particular attention is required in the response
of oncologic patients to SARS-COV2 infection to decide on subsequent vaccinations.
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Figure 1

Flow Chart 

Figure 2

Serology evolution over study follow-up. 


