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Introduction

Coronavirus disease 2019 (COVID-19) is diagnosed 
by detecting the virus RNA with reverse transcription-
polymerase chain reaction (RT-PCR). Most patients 
subsequently develop antibodies (Abs) against viral proteins. 
The degree to which this occurs varies and depends on 
when the sample is taken but is close to 100% (1). From the 
beginning of the COVID-19 pandemic, cancer patients, 
particularly those with lung cancer and hematological 
diseases, appeared to have higher morbidity and mortality 
than the general population (2), though not all series  

agreed (3). Selection bias may play a role in this since 
reported data are from patients visiting Accident and 
Emergency Departments or other medical services with 
COVID-19 symptoms, rather than from the entire 
population exposed to the virus (4). Even for the general 
population, we do not have clear information about patients’ 
natural history. Here too, most studies are based on series 
of patients admitted to hospital, with mortality rates varying 
between 12.8% and 26% in Europe (5,6).

With this in mind, the use of serological tests, without 
this selection bias, can help improve understanding of how 

Background: At present, we did not find any articles that studied seroprevalence and its persistence several 
months later in lung cancer patients in the setting of severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) infection. Most patients with coronavirus disease 2019 (COVID-19) go on to develop antibodies (Abs) 
against viral proteins. However, it is not known how long these Abs last nor whether cancer treatments could 
affect the duration of immune response.
Methods: This prospective, longitudinal, multicenter serological study in the setting of SARS-CoV-2 
infection was carried out in 50 Spanish hospitals. Eligibility criterion was the diagnosis of any lung cancer. The 
determination of anti-SARS-CoV-2 IgG Abs was performed by qualitative immuno-enzymatic assay using 
enzyme-linked immunosorbent assay (ELISA) kit from NovaLisa whose Abs target the recombinant antigen N 
of the nucleocapsid of SARS-CoV-2. The first Ab determination was performed between April 21 and June 3, 
2020. The second Ab determination was performed in all previously seropositive patients, between September 
10 and November 20, 2020. Study objectives were to prospectively determine seroprevalence in unselected lung 
cancer patients during the first wave of the pandemic; the persistence of immunity; protection or lack thereof 
against reinfection; and the influence of treatments on maintenance or loss of immunity.
Results: Of 1,500 patients, 128 were seropositive, overall prevalence of 8.5% seropositivity [95% 
confidence interval (CI): 7.2–10.1%]. Seventy-five percent were in active cancer treatment. Forty-seven point 
seven percent of IgG positive participants had experienced a symptomatic illness suspected of being infected 
with SARS-CoV-2 (95% CI: 38.8–56.6%). A second determination was performed on average 4.5 months 
later [interquartile range (IQR), 4.0–5.0 months] and obtained for 104 of the initially seropositive patients 
(81%), it could not be obtained in 24 patients, the majority due to death caused by disease progression (73%). 
In the second determination, IgG was not detected in 30.8% of patients. The severity of the infection, the 
need for hospitalization (P=0.032) and the presence of symptoms at diagnosis (P=0.02) were associated with 
persistence of immunity in the second determination. No variables or treatments received were associated 
with Abs loss.
Conclusions: Immunity against SARS-CoV-2 does not appear to be compromised by treatment and 
persists beyond 4 months. Neither do mortality rates appear to be particularly high in this unselected 
population.
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COVID-19 behaves in the general population. In Spain, a 
seroprevalence sampling study has been carried out in the 
general population (7). However, no widespread serological 
screening policy has been introduced, still less in the 
population with cancer, and there are no associated clinical 
data for either population.

We reviewed the literature and found very few studies 
of seroprevalence in cancer patients with variable positivity 
(4/1,016 tested) (8). Neither did we find data on patients 
in whom infection was strongly suspected (9), or on 
highly selected populations with positivity over 50%. The 
significant selection bias in these studies means they fail to 
represent the range of factors a study of these characteristics 
should reflect (10).

Severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) produces a detectable immune response in most 
cases. We think that lung cancer patients are qualified for 
assessing the seroprevalence and immunological memory 
against SARS-CoV-2 infection. A retrospective cohort 
study in patients with cancer who underwent SARS-CoV-2 
testing has recently been published, but the seroconversion 
was different in specific patient groups (11). It is important 
testing SARS-CoV-2 Abs in patients with lung cancer 
because the duration of response and whether this protects 
against a second infection is unknown. In the largest study 
published to date on 121 plasma donors with different Ab 
determinations by ELISA, the last determination at 148 
days showed a “slight drop” over time (12).

The Spanish Lung Cancer Group (SLGC) designed a 
prospective, multicenter study offering serological tests to 
lung cancer patients who attended oncology appointments, 
either for fol low-up or treatment,  with a second 
determination 4.5 months after the first, if this was positive. 
The study objectives were to prospectively determine 
seroprevalence in unselected lung cancer patients; their 
natural history; the persistence of immunity more than 
4 months after the first determination; the protection or 
otherwise against reinfection after this period, and the 
nature of such protection; and the influence of treatments 
administered on maintenance or loss of immunity.

We present the following article in accordance with 
the STROBE reporting checklist (available at https://tlcr.
amegroups.com/article/view/10.21037/tlcr-21-504/rc).

Methods

Design

This was a prospective, longitudinal, multicenter study 

offering serological tests to lung cancer patients who 
attended oncology appointments, either for follow-up 
or treatment, with a second determination 4.5 months 
after the first, if this IgG assessment was positive. It 
was designed by the SLCG. The study was approved by 
the Ethics Committee of Puerta de Hierro University 
Hospital on April 21, 2020. The trial was registered as 
NCT clinical trial Gov: NCT04407143 and conducted in 
accordance with the Declaration of Helsinki (as revised 
in 2013). All participants signed an informed consent 
form.

Patients

Patients were included in study from April 21, 2020, to 
June 3, 2020. One thousand five hundred determinations 
were distributed among Spain’s autonomous communities 
(ACs) according to the population of each and the known 
incidence of COVID-19 at time of the beginning of the 
study. Fifty hospitals belonging to the SLCG network 
participated. The seroprevalence obtained in each AC was 
compared with that of the national seroprevalence study. A 
second determination was performed between September 
10, 2020, and November 20, 2020, for those patients who 
had previously been seropositive. Data on symptoms, 
treatments received, evolution, follow-up of the patients 
and patients’ clinical situation at the end of the study were 
collected from the medical records.

Objectives

To prospectively determine seroprevalence in unselected 
lung cancer patients during the first wave of the pandemic; 
the persistence of immunity; protection or lack thereof 
against reinfection; and the influence of treatments on 
maintenance or loss of immunity.

Ab measurements

Blood samples were collected in ethylenediaminetetraacetic 
acid (EDTA) tubes, centrifuged at 1,200 ×g for 15 minutes 
and transported to the Eurofins-Megalab central laboratory, 
Madrid, Spain. Determination of anti-SARS-CoV-2 IgG 
Abs was performed by qualitative immuno-enzymatic 
assay using ELISA kit from NovaLisa whose Abs target 
the recombinant antigen N of the nucleocapsid of SARS-
CoV-2. Samples were processed with the following ELISA 
auto-analyzers: Thunderbolt (Gold Standard Diagnostics 
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Inc.), DSX (Palex Medical) and Analyzer (Euroinmun 
Diagnostics) using the following procedure and in 
accordance with manufacturers’ instructions: samples were 
diluted 1:101 with the sample dilution buffer and 100 µL 
of diluted sample/controls/calibrators were pipetted into 
the respective wells of the microtiter plate, which was 
then incubated for 1 hour at 37 ℃. The plate was then 
washed 3 times with 300 µL of washing solution to remove 
all unbound sample material and 100 µL of horseradish 
peroxidase conjugate (HRP) was added to each well to bind 
to the Abs captured at the bottom of the well. The plate 
was then incubated for 30 minutes at room temperature 
before being washed again to remove unbound conjugate. 
Next, 100 µL of tetramethylbenzidine substrate solution 
was added to each well and incubated for exactly 15 minutes 
at room temperature in the dark. A blue colored immune 
complex was formed. Finally, 100 µL of stop solution 
(sulfuric acid) was added to each well, producing a change 
in color from blue to yellow. Extinction at 450/620 nm 
was measured photometrically. The intensity of this final 
product is proportional to the number of specific Abs in the 
sample.

The criteria for interpreting the results were as 
follows: ratio <0.9, negative; ratio ≥0.9 and ≤1.1, 
indeterminate; ratio >1.1, positive. The sensitivity of the 
NovaLisa kit is 89.7% [95% confidence interval (CI): 
76.4–95.9%] 2 weeks after positive RT-qPCR detection, 
and 91.2% (95% CI: 77.0–97.0%) 3 weeks after positive 
RT-qPCR detection (13-15). Specificity is 99.24% (95% 
CI: 95.8–99.9%), determined in blood samples from 
donors collected before December 2019 in Germany and 
the USA. This procedure and analysis are in accordance 
with the requirements of the IVD Directive 98/79/EC 
of the European Parliament and Council of October 27, 
1998, with regard to in vitro diagnostic medical devices 
(IVDs).

Statistical analysis

The possible relationship between the serology result 
(positive, negative or indeterminate) and the age or sex of the 
patients evaluated was studied using the Kruskal-Wallis and 
chi-square tests, respectively. Prevalences were estimated by 
calculating their 95% CI using the Wilson method (overall 
prevalence) or the Clopper-Pearson method (prevalence in 
each AC). Prevalence in the different ACs was compared by 
independent chi-square test with continuity correction, with 
the P value estimated using the Monte-Carlo method (2,000 
replications). The comparison of seroprevalence in this study 
with the values   documented in the National Epidemiological 
Study of the Infection Caused by SARS-CoV-2 in 
Spain (ENE-COVID) (7) was performed by proportion 
comparison test in a sample with correction continuity 
(overall prevalence) or by binomial test (prevalences in each 
AC), assuming that the values   of the ENE-COVID study 
are population parameters. Other comparisons of results 
(symptoms and contacts) were performed using the chi-
square test, with continuity correction.

Results

Characteristics of the evaluated patients

One thousand five hundred patients were studied. Patients’ 
age ranged between 26 and 89 years. Table 1 summarizes the 
demographic characteristics both in the total sample and 
by serology result. Age and sex distributions were similar 
in the two types of serological results, without statistically 
differences detected (Kruskal-Wallis test P=0.139, and chi-
square P=0.791, respectively).

Seropositivity prevalence (IgG+)

Of the 1,500 patients studied, 128 were seropositive, 

Table 1 Demographic characteristics

Characteristics All (n=1,500) Positive (n=128) Negative (n=1,372) P (overall)

Age, mean (SD) 65.7 (9.30) 66.2 (9.06) 65.6 (9.38) 0.188

Age, median [IQR] 66.0 [60.0, 72.0] 67.0 [61.0, 73.0] 66.0 [60.0, 72.0] 0.139

Sex, n (%) 0.791

Male 1,020 (68.0) 90 (70.3) 930 (67.7)

Female 480 (32.0) 38 (29.7) 442 (32.3)

SD, standard deviation; IQR, interquartile range.
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representing an overall seropositivity prevalence of 8.5% 
(95% CI: 7.2–10.1%). Seropositivity prevalence was 
heterogeneous in the different ACs (chi-square, Monte-
Carlo P<0.001) (Table S1). In the ENE-COVID study (7), 
the estimated prevalence of IgG Abs against SARS-CoV-2 
was 5% in the first round and 5.2% in both the second and 
third rounds. In our study, this prevalence was 8.5%, higher 

than the estimated values in any of the ENE-COVID 
rounds (P<0.001). In Castilla y León, Catalonia and the 
Community of Valencia, the seroprevalence observed in our 
study was either higher or much higher than in the ENE-
COVID study (Table S2).

Characteristics of seropositive patients in the first 
determination

Forty-seven point seven percent of IgG positive participants 
had experienced a symptomatic illness suspected of being 
SARS-CoV-2 infection (95% CI: 38.8–56.6%) of cases. 
Table 2 describes the main characteristics of patients positive 
for IgG in the first determination. For 11 patients, close 
contacts or relatives affected by COVID-19 were identified 
(8.59%). In the case of affected relatives, the relationship 
was direct in all cases (woman: 7 patients; mother, daughter 
or sister: 1 patient in each case) except one (niece).

Characteristics of seropositive patients in the second 
determination

A second determination was performed on average  
4.5 months later [interquartile range (IQR), 4.0–5.0 months]  
in 104 of the initially seropositive patients (81%) (Table 3). 
A second sample was not obtained for 24 patients, mostly 
due to death from disease progression (73%). Only 1 (6.7%) 
was due to COVID-19. In the second determination, 
IgG was not detected in 30.8% (32/104) of the patients. 
Table 4 compares the two populations studied: those 
who maintained Abs in the second determination versus 
those who lost them. We found a statistically significant 
association between severity of the infection and the need 
for hospitalization (P=0.032), the presence of symptoms at 
diagnosis (P=0.02), fever (P=0.005) and nasal congestion 
(P=0.005) among them, and persistence of immunity in 
the second determination months later. No other variable 
was associated with Ab loss, even when comparing overall 
treatments administered or by grouping immunotherapy 
(IO) versus other treatments. Table 5 describes the 
treatments received, and Table S3 gives details of each drug 
administered. In 47% of patients (n=49), an increase in Abs 
was observed in the second determination compared to the 
first. The variation in IgG values   was 0.5 [mean 0.5 (IQR, 
−0.2 to 1.2)]. We did not find any statistically significant 
differences in any of the parameters analyzed between 
patients who increased the Abs and those who maintained 
them (Table S4). No SARS-CoV-2 re-infections were 

Table 2 General characteristics of patients with positive first IgG 
determination

Positive IgG determination N=128 (%)

Symptoms at diagnosis

Asymptomatic 69 (53.9)

Symptomatic 59 (46.1)

Smoking habit

Former smoker (≥1 year) 80 (62.5)

Smoker 29 (22.7)

Never smoker (≤100 cigarettes/lifetime) 15 (11.7)

Unknown 4 (3.1)

PS (ECOG)

0 35 (27.3)

1 77 (60.2)

2 13 (10.2)

3 2 (1.6)

4 1 (0.8)

Histology

SCLC 11 (8.6)

NSCLC 117 (91.4)

Adenocarcinoma 76 (64.7)

Squamous 33 (28.5)

Others 8 (6.8)

Number of cancer treatment lines

1 2 (1.6)

2 51 (39.8)

3 24 (18.8)

4 10 (7.8)

Other 7 (5.5)

PS, performance status; ECOG, Eastern Cooperative Oncology 
Group; SCLC, small-cell lung cancer; NSCLC, non-small-cell 
lung cancer.
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Table 3 IgG results in the second determination

Results N=104

Time between tests (months), median [IQR] 4.5 [4, 5]

IgG results

IgG values, mean (SD) 2.8 (1.2)

Median [IQR] 2.6 [1.9, 3.7]

Variation between determination, mean (SD) 0.5 (1.0)

Median [IQR] 0.5 [−0.2, 1.2]

Patients negative in the second test, n (%) 32 (30.8)

Patients positive in the second test, n (%) 72 (69.2)

Patients who were positive without increase, n (%) 23 (22.1)

Patients with increase in Abs, n (%) 49 (47.1)

IQR, interquartile range; SD, standard deviation; Abs, antibodies.

recorded. At time of last follow up, among those patients in 
whom a second determination was performed 89% (93/104) 
had completely recovered, without lasting effects, 9 were 
in the process of recovery (8.7%), 1 was in the process of 
recovery with lasting effects and 1 patient had been lost to 
follow-up.

Discussion

The seroprevalence rate in our study was 8.5%, significantly 
lower than in other studies analyzing cancer patients 
infected with SARS-CoV-2, both in Spain (16) and  
abroad (17). This may be due to the larger sample size 
in our study. The prevalence generally agrees with that 
observed in the general population in Spain at the time, 
except in 2 ACs where the greater urban population 
in our sample could explain this. In more than 50% of 
cases, infection was not suspected and the patient was 
asymptomatic. Serological tests are particularly important to 
detect infection in asymptomatic patients as well as identify 
those who could potentially be protected against infection.

The mortality rate in our series is significantly different 
from that of other known series, probably because 
significant selection bias exists in those series. Only one 
of 128 (0.8%) seropositive patients died from COVID-19 
despite the fact that more than 30% required hospitalization 
for the virus, and that 75% were in active cancer treatment, 
the majority with several treatment lines.

There is little data on the duration of protection in 
the general population (18,19). Some data on duration of 

immune response comes from analyses of other coronavirus 
infections, extrapolating these results to the current SARS-
CoV-2 infection (20,21). However, it is generally accepted 
that anti-SARS-CoV-2 Abs decay rapidly in persons with 
mild COVID-19 approximately 3 months after symptom 
onset (22).

In our study, 30.8% of all patients in whom a second 
determination was performed had serology negativization. 
To our knowledge, there are no comparable series in the 
published literature, particularly in lung cancer patients 
receiving aggressive treatments with combination 
chemotherapy (CT) or chemo-IO variations. Some data 
exist for the general population in 31 asymptomatic 
patients, 80% negativized Abs at 8 weeks (23). Also, data 
exist for 19 seropositive healthcare workers who had 58% 
seronegativization at 60 days (24). However, the sample 
sizes were significantly smaller than ours.

Our results allow us to be hopeful about the duration 
of protection against the virus, as well as make the same 
therapeutic efforts as for the general population since our 
patients’ evolution does not seem to differ greatly.

Some selection bias may exist in our study since patients 
attended outpatient clinics rather than receiving palliative 
care. However, it is true that mortality was very low over  
4 months later. Therefore, in the case of a serious infection, 
the same care should be available to these patients, 
including admission to intensive care.

In agreement with what we know about series in 
unselected populations, there is a relationship between 
severity of infection, the presence of fever or nasal 
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Table 4 Baseline characteristics of seropositive patients in second determination

Characteristics Loss of IgG (n=32) No loss of IgG (n=72) P value

Symptoms at diagnosis, n (%) 0.022*

Asymptomatic 23 (71.9) 35 (48.6)

Symptomatic 9 (28.2) 37 (51.4)

Age, median (SD) 67.0 (9.5) 64.3 (9.2) 0.090

Sex, n (%) 0.944

Male 22 (68.8) 49 (68.1)

Female 10 (31.3) 23 (31.9)

Smoking habits, n (%) 0.759

Active smoker 5 (15.6) 9 (12.5)

Former smoker (≥1 year) 20 (62.5) 46 (63.9)

Never smoker (≤100 cigarettes/lifetime) 5 (15.6) 15 (20.8)

ECOG, n (%) 0.680

0 8 (25.0) 23 (31.9)

1 22 (68.8) 43 (59.7)

2 6 (8.3) 2 (6.3)

Histology, n (%) 0.222

Adenocarcinoma 23 (71.9) 40 (55.6)

Squamous 6 (18.8) 17 (23.6)

Undifferentiated/NOS 2 (6.3) 2 (2.8)

Others 0 (0.0) 4 (5.6)

Symptoms related to COVID, n (%)

Fever 4 (12.5) 29 (40.3) 0.005*

Dyspnea 5 (15.6) 21 (29.2) 0.141

Dry cough 6 (18.8) 19 (26.4) 0.400

Myalgia 4 (12.5) 7 (9.7) 0.671

Anosmia 3 (9.4) 5 (6.9) 0.668

Fatigue 1 (3.1) 6 (8.3) 0.328

Dysgeusia 2 (6.3) 4 (5.6) 0.889

Diarrhea 0 (0.0) 4 (5.6) 0.174

Nasal congestion 4 (12.5) 31 (43) 0.005*

Headache 0 (0.0) 3 (4.1) 0.241

Sore throat 0 (0.0) 2 (2.8) 0.341

Congestion 0 (0.0) 1 (1.4) 0.503

Driver mutation presented 49 (68.1) 26 (81.3) 0.166

Table 4 (continued)
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Table 4 (continued)

Characteristics Loss of IgG (n=32) No loss of IgG (n=72) P value

Cancer treatment received 55 (79.7) 41 (69.5) 0.183

CT 30 (43.5) 28 (47.6) 0.207

IO 31 (44.9) 17 (28.8) 0.079

Hospitalization required for COVID-19 6 (18.8) 29 (40.3) 0.032*

Complications due to COVID-19 7 (21.9) 17 (23.6) 0.783

Pneumonia 6 (18.8) 14 (19.4) 0.934

Secondary infections 0 (0.0) 2 (2.8) 0.341

Respiratory insufficiency 6 (18.8) 10 (13.9) 0.526

Respiratory distress 2 (6.3) 2 (2.8) 0.602

Myocarditis 1 (3.1) 0 (0.0) 0.132

Heart failure 0 (0.0) 1 (1.4) 0.503

Coagulopathy 0 (0.0) 1 (1.4) 0.503

ARDS 2 (6.3) 1 (1.4) 0.172

Acute kidney injury 1 (3.1) 2 (2.8) 0.922

Treatment delayed due to COVID-19 5 (15.6) 16 (22.2) 0.733

*, P<0.05. SD, standard deviation; ECOG, Eastern Cooperative Oncology Group; CT, chemotherapy; IO, immunotherapy; COVID-19, 
coronavirus disease 2019; ARDS, acute respiratory distress syndrome.

congestion and persistence of Abs (11), without oncology 
treatments being a contributing factor in Ab loss over 
time. Neither did we detect any COVID-19 reinfections. 
It is not clear whether the low number of reinfections in 
seropositive patients is due to Ab levels, which even rose 
in 47% of patients in the second determination, or to 
their cellular immunity, which was not tested. Data from 
primates demonstrate that COVID-19 infection protects 
against reinfection for some time (25). It is likely that the 
Ab titer developed determines protection against reinfection 
just as in the rest of the population. This may also be the 
case with vaccination in cancer patients regardless of the 
treatments they receive. Even so, we believe it is imperative 
to develop long-term follow-up studies to understand the 
degree of protection and duration of titers obtained in 
serological determinations, particularly in populations such 
as cancer patients receiving immunosuppressive treatments 

and especially lung cancer following vaccination against 
COVID-19.

Conclusions

To our knowledge, our study is the first to be published 
that analyzes both seroprevalence in 1,500 lung cancer 
patients and the persistence of immunity several months 
after the first determination. Most of the patients included 
in our study were in active cancer treatment, over 30% with 
IO, and the majority had received more than one line of 
treatment. There was only one death due to COVID-19 
(0.8%). We found no relationship between the treatments 
administered and loss of immunity against the virus. 
However, we found a relationship between the persistence 
of immunity and the severity of the infection, as observed in 
the general population.
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