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Abstract: Due to the devastating COVID-19 pandemic, a preventive tool in the form of vaccination
was introduced. Thoracic cancer patients had one of the highest rates of morbidity and mortality
due to COVID-19 disease, but the lack of data about the safety and effectiveness of vaccines in this
population triggered studies like ours to explore these parameters in a cancer population. Out of
98 patients with thoracic malignancies vaccinated per protocol, 60-75% experienced some adverse
events (AE) after their first or second vaccination, most of them were mild and did not interfere with
their daily activities. Out of 17 severe AEs reported, all but one were resolved shortly after vaccination.
No significant differences were noted considering AE occurrence between different cancer therapies
received after the first or second vaccination dose, p = 0.767 and p = 0.441, respectively. There were
37 breakthrough infections either after the first (1), second (13) or third (23) vaccine dose. One
patient died as a direct consequence of COVID-19 infection and respiratory failure, and another after
disease progression with simultaneous severe infection. Eight patients had moderate disease courses,
received antiviral therapies and survived without consequences. Vaccination did not affect the time
to disease progression or death from underlying cancer.

Keywords: thoracic malignancies; cancer therapy; COVID-19 vaccination; adverse events;
breakthrough infection

1. Introduction

The COVID-19 pandemic hit the world like an asteroid in early 2020, leaving us
in a state of unprepared emergency and crisis. By today, more than 700 million people
have been infected with the SARS-CoV-2 virus, and almost 7 million have died from
complications of infection [1]. At the beginning of pandemics, virus transmission and
mortality were reduced by a range of precautions such as social distancing, restricted
contacts, hand hygiene, facemasks and even more radical solutions such as lockdown of
schools, governmental and non-essential facilities. All that had little effect on COVID-19
contraction and set the scientists in the race for effective vaccine development [2]. Indeed,
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the first vaccines were developed rapidly and presented an exceptional and elegant solution
to the problem [3-7].

Only a year after the pandemic was declared, vaccines passed the trials and were
introduced to the general population [2]. Since vaccine production could not meet high
demand, some priority groups were set to receive vaccination amongst the first, and can-
cer patients were definitely one of them [8]. Patients with thoracic malignancies had an
increased risk of COVID-19 infection, morbidity and mortality due to their underlying
disease, smoking status, pulmonary damage, immunocompromised state and cancer treat-
ment [9]. Initial reports have revealed that as much as 60-75% of SARS-CoV-2 infected
patients with thoracic malignancies needed hospitalization due to severe COVID-19 disease
course, were less likely to receive intensive care unit treatment if needed and that the
infection resulted in a devastating 25-33% mortality [8,10]. Since data on the efficacy and
safety of COVID-19 vaccines were scarce concerning cancer populations, many oncologic
societies and individuals set up trials assessing not only the rate of seroconversion and
protection but also safety concerning adverse events amongst cancer patients who were
vaccinated [11-14]. Initial concerns were directed especially towards cancer patients treated
with chemotherapy, which might have a detrimental effect on vaccine production, but
also towards immune checkpoint inhibitor therapy, which could, in theory, overstimulate
patients’ immune systems and expose them to a much higher risk of adverse events. Since
cancer patients on active treatment were mostly excluded from vaccination trials, the onco-
logical society was in an unenviable position, with the desire to protect cancer patients and
to carry out lifesaving or at least life-prolonging treatments on one hand, and on the other
hand, a potential protective agent in the form of a vaccine, for which we had no real data
about how it would fit in the cancer treatment scenario.

Therefore, we conducted a prospective observational study (PRO-ONCO-COVID-19)
to assess both the immunogenicity and rate of protection, but also the safety and possible
adverse effects after vaccination in solid cancer patients being treated for their disease. We
have already reported the immunogenicity and antibody production of cancer patients
after the primary course of vaccination and after the third booster dose [15,16]. More
data on the safety and outcomes of the primary disease for which patients have been
treated are warranted for better knowledge of how to act in these situations in the future.
Here we present data on safety, adverse events after vaccination, breakthrough COVID-19
infections and outcomes of both infection and underlying disease for patients with thoracic
malignancies, which comprised the largest cohort in our study.

2. Materials and Methods
2.1. Study Design and Participants

We conducted a prospective observational multicentric study of cancer patients on
systemic cancer treatment (or within a year of the last dose of therapy received) who
were voluntarily vaccinated against COVID-19. All patients signed written consent before
study inclusion. Demographic data and data on treatment were collected at the time of
informed consent signing. The study and its amendment after the third dose of vaccine
were approved by the Slovenian National Ethics Committee (No. 0120-39/2021/6 and
0120-39/2021/9). This trial was conducted in accordance with the ethical principles of the
Declaration of Helsinki.

2.2. Procedures

Patients were treated with systemic cancer therapy for thoracic malignancies (non-
small cell lung cancer, small cell lung cancer and malignant mesothelioma) either at the
moment of first vaccination or within a year prior to receiving the first vaccine dose in
two Slovenian academic institutions. They were also vaccinated with either mRNA vaccines
BNT162b2 (Pfizer, New York, NY, USA /BioNTech, Germany, EU) or mRNA-1273 (Moderna,
Cambridge, MA, USA) or adenoviral AZD1222 (AstraZeneca, Cambridge, UK) vaccines
per manufacturing instructions for the primary course of vaccination and all of the patients
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received one of the mRNA vaccines for the third booster dose of vaccination as per National
Vaccination Strategy recommendations. Data about blood sampling and anti-SARS-CoV-2
51 IgG antibody detection were described before in detail in previous publications [15,16].

2.3. Recognition of Adverse Events

Adverse events (AEs) were evaluated during telephone consultations carried out by
highly trained coordinators 24-48 h after each vaccination dose of the primary course of
vaccination to assess possible safety concerns and AEs and were recorded on pre-prepared
forms. AEs were graded with grades (G) ranging from 0 to 4 (GO = no AEs; G1 = mild
AEs; G2 = moderate AEs that do not interfere with daily activities; G3 = severe AEs that
interfere with daily activities; G4 = life-threatening AEs, hospitalization required). The
AEs evaluated were local (pain, redness or swelling on injection site) or systemic (fever,
chills, fatigue, myalgia, arthralgia, headache, vomiting, diarrhea, other) in line with trials
of mRNA vaccines [3,4]. All AEs were reported by the national pharmacovigilance system
to the National Institute for Public Health, as appropriate.

2.4. Detection of Breakthrough COVID-19 Infection

Prior COVID-19 infection was not an exclusion factor but was documented and re-
ported, as well as all of the cases of breakthrough COVID-19 infections, with date and sever-
ity, according to WHO and NIH guidelines [9]. Breakthrough infections were considered as:
mild (symptoms of acute upper respiratory tract infection without pneumonia), moderate
(radiological evidence of pneumonia), severe (pneumonia with dyspnea and hypoxemia)
and critical (pneumonia with acute respiratory distress syndrome, respiratory failure, shock
and multiple organ dysfunction) [9]. In case of severe distress (clinical signs of pneumonia—
fever, cough, dyspnoea, plus one of the following: respiratory rate > 30 breaths/min; severe
respiratory distress; or SpO2 < 90% on room air) patients were hospitalized and treated
accordingly.

2.5. Statistical Analysis and Outcomes

A safety analysis of the occurrence of AEs following the primary course of vaccination
was compared between different therapies received with the Chi-squared test. The propor-
tion of patients with SARS-CoV-2 infection after the complete primary course of vaccination
or after the third booster dose was described and presented according to G (grades) of
disease severity. The median overall survival of patients with thoracic malignancies was
estimated according to disease and therapy specifics using Kaplan-Meier method and was
calculated from the time of diagnosis until death. The R Studio build 494 software (Boston,
MA, USA), was used for all statistical analyses.

3. Results

There were 125 patients with solid cancers included in the overall study, 98 of whom
were treated for thoracic malignancies (87 non-small cell lung cancer (NSCLC), 6 small
cell lung cancer (SCLC), 5 malignant mesotheliomas) with a slight male preponderance of
55% and a median age of 63.5 years at the time of diagnosis. Most of the patients (91%)
were receiving therapy for metastatic disease and a similar proportion (90%) were on active
treatment at the time of the first vaccination. The patients were receiving either chemother-
apy, chemotherapy plus immune checkpoint inhibitors (ICI), ICI alone or targeted therapy
in 16%, 20%, 28% and 36%, respectively. Most of the patients were vaccinated with the
mRNA-based BNT162b2 (Pfizer /BioNTech) vaccine for the primary course of vaccination
and all of the patients that opted for booster vaccination received that vaccine as the third
dose. More details on patients and their characteristics are in Table 1.
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Table 1. Demographic data of patients with thoracic malignancies vaccinated for SARS-CoV-2.

N =98
Age in years, median (range) 63.5 (24-81)
Sex, n (%)
Male 54 (55%)
Female 44 (45%)
Cancer type, 1 (%)
NSCLC* 87 (89%)
SCLC ** 6 (6%)
MPM *** 5 (5%)
Stage, n (%)
Limited 8 (8%)
Locoregionally advanced 2 (2%)
Metastatic 88 (90%)
Anticancer therapy, 1 (%)
Chemotherapy 16 (16%)
Chemotherapy + ICI 20 (20%)
ICI alone 27 (28%)
Targeted therapy 35 (36%)
Receiving systemic therapy at the time of vaccination, n (%)
Yes 88 (90%)
No 10 (10%)
Positive SARS-CoV-2 IgG antibodies prior to vaccination, n (%) t
No 79 (81%)
Yes 19 (19%)
No. of vaccine doses received
First dose 98 (100%)
Second dose 95 (97%)
Third dose 57 (58%)
Type of primary vaccination received, n (%)
mRNA-based BNT162b2 (Pfizer/BioNTech) 91 (91%)
mRNA-based mRNA-1273 (Moderna) 3 (4%)
Vector-based vaccine AZD1222 (AstraZeneca) 4 (5%)
Type of booster 3rd dose vaccination received, n (%)
mRNA-based BNT162b2 (Pfizer/BioNTech) 57 (100%)

* NSCLC—non-small cell lung cancer; ** SCLC—small cell lung cancer; *** MPM—malignant pleural mesothe-
lioma; T—patients were considered to have prior COVID-19 infection if they had positive SARS-CoV-2 S1 IgG
antibodies above 175 ng/mL prior to first vaccination dose.

3.1. Adverse Events after the Primary Course of Vaccination

After the first and second vaccine doses, 60% and 75% experienced local and 35% and
22% systemic adverse events, respectively. Altogether, 36% of patients experienced adverse
events after both vaccination doses. The most common local adverse event was moderate
pain on the injection site in 60% and 70%, and the most common systemic adverse events
were fatigue in 23% and 28%, headache in 10% and 13% and musculoskeletal pain in 11%
and 17% after first and second vaccine dose, respectively.

After the first vaccination dose, the majority of patients (97%) experiencing local
AFEs described them as mild (G1). Patients experiencing both local and systemic AEs
reported them as moderate (G2) in 8% and severe in 3%. One patient had a severe (G4)
life-threatening AE that required hospitalization. No differences in the occurrence of
AEs were observed between treatment groups (p = 0.767). After the second vaccine dose,
twenty patients (21%) and three patients (3%) reported G2 and G3 AEs, respectively. Again,
there were no statistically significant differences between treatment groups in terms of local
(p = 0.978) or systemic (p = 0.441) AEs. A detailed representation of adverse events re-
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garding cancer therapy received is presented in Figure 1. Patients treated with ICI had
a numerically higher frequency of musculoskeletal adverse events, such as myalgia and
arthralgia, which was not statistically significant and can also be attributed to the type of
cancer therapy received.

Proportion of patients
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Figure 1. Proportion of patients with thoracic malignancies experiencing adverse events after
vaccination with either first or second vaccine dose and being treated with (A) chemotherapy,
(B) chemotherapy plus immune checkpoint inhibitors, (C) immune checkpoint inhibitor alone or
(D) targeted therapy. * other—a case of severe pericarditis/myocarditis.

Seventeen patients experienced severe adverse events that interfered with their daily
activities or even required medical assistance (Figure 2). Interestingly, the same two patients
with serious (G3) AEs after the first vaccine dose also reported G3 AEs after the second
vaccine dose, but the type of AE was different. The first patient reported serious myalgia
and fatigue and the second severe local pain and headache after the first and second vaccine
doses, respectively. One of the patients was diagnosed with G4 pericarditis and myocarditis
and was hospitalized for a prolonged period of time and required intensive therapy after
the first vaccine dose, which was the only vaccine dose that he received.

Of note, that patient was treated with ICI at the time of AE emergence and the
causality of the adverse event was not finally determined. Also, the patient survived
another 8 months after the vaccination and the severe AE emergence.

Severe adverse events

Number of patients

1|IIIIIIIIII
0

Pain on Diarrhea Headache Fatigue Myalgia Arthralgia Pericarditis /
injection site myocarditis

m Chemotherapy +ICI  WICI W Targeted therapy

Figure 2. Number of patients with thoracic malignancies and active cancer treatment receiving
COVID-19 vaccination and reporting severe (G3) adverse events after vaccination and one G4 AE—
pericarditis/myocarditis. Orange—patients receiving chemotherapy + immune checkpoint inhibitor;
purple—patients receiving immune checkpoint inhibitor alone; green—patients receiving targeted therapy:.
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3.2. Breakthrough COVID-19 Infections

There were 37 breakthrough COVID-19 infections detected amongst our cohort of
patients with thoracic malignancies vaccinated against SARS-CoV-2. Of those, 1, 13 and
23 patients received one, two and three vaccine doses, respectively. The patient who
received a single vaccine dose was treated for metastatic non-small cell lung cancer with
ICI therapy, contracted COVID-19 eight days after the vaccination and had a critical disease
course. He was treated in the intensive care unit with oxygen supplementation, antibiotics
and dexamethasone, but died 14 days after the infection as a result of pneumonia with
acute respiratory distress syndrome. The predominant variant of concern in Slovenia at
that time was SARS-CoV-2 alpha [17].

Out of the 13 patients that received two doses of vaccine and completed the primary
course of vaccination, the breakthrough infection happened in a median of 230 days (range
35-510 days) after the second vaccine dose. Seven patients had mild disease course, four
patients moderate—of those, three received antiviral therapy with casirivimab + imdevimab
or sotrovimab as an outpatient treatment and one patient had severe disease course and was
hospitalized, needed oxygen supplementation, received remdesivir and survived without
severe consequences. The last patient was treated for metastatic small cell lung cancer
and contracted the virus 220 days after the second vaccine dose. He had a critical disease
course, was hospitalized and received supportive measures and both remdesivir and
dexamethasone, but died because of the combination of cancer progression and respiratory
failure due to severe COVID-19 infection.

The 23 patients who received three vaccination doses were infected with SARS-CoV-2
in a median of 230 days (range 6-469 days) after the last vaccine dose. Most of the patients
(18/22) had only a mild disease course, four had a moderate disease course and were
treated with antiviral drugs in an outpatient setting (one casirivimab + imdevimab, one
sotrovimab and two remdesivir) and one patient had severe COVID-19 infection and was
treated in a hospital with supportive measures, oxygen and methylprednisolone, and
recovered completely. Originally, he was treated with targeted therapy for metastatic
non-small cell lung cancer and is still alive at the data cut-off. Of note, SARS-CoV-2 delta
and omicron were the VOCs in Slovenia at that time [17].

3.3. Thoracic Malignancies Treatment Outcomes

The median time for the whole cohort of patients with thoracic malignancies from
any cancer treatment starting from the date of first vaccination was 13.8 months (range
0.5-71.3 months). As shown in Table 1, our cohort of patients with thoracic malignancies is
comprised mainly of NSCLC patients (89%), and only a minority of SCLC and malignant
mesothelioma patients (6% and 5%, respectively). At data cutoff on 1 February 2024,
50/98 patients were still alive and in follow-up or receiving treatment.

All of the SCLC patients were treated for metastatic disease, all but one with the com-
bination of chemotherapy and ICI and one patient with maintenance ICI alone at the time
of first vaccination. At data cut-off, 4/6 patients have died, resulting in a median overall
survival of 24.7 months (95% CI 15.3-NA), calculated from the start of any oncological
treatment. Concerning malignant mesothelioma patients, one patient had local disease that
became advanced in the course of the treatment, two had locally advanced disease and
two were metastatic at the time of diagnosis. At the time of first vaccination, two patients
were receiving chemotherapy and three were treated with ICIL. All of the patients died by
data cutoff, with a median overall survival from the onset of the first oncology therapy of
35.0 months (95% CI 23.2-NA) across all disease stages.

Seven NSCLC patients were treated for limited-stage disease; of those, six were treated
with adjuvant chemotherapy at the time of vaccination and one was already receiving
a combination of chemotherapy and ICI due to disease progression. All but one pa-
tient from that group are still alive; the median observational time is 42.1 months (range
33.0-65.7 months). Out of eight patients receiving chemotherapy for metastatic disease
at the time of first vaccination, half of them received it as first-line therapy due to the
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unavailability of chemotherapy + ICI in the first-line setting, and the other half received
it as therapy for later lines of disease, where other treatment options were exhausted.
Fourteen patients were receiving the combination of chemotherapy and ICI, all but two as
first-line treatment for metastatic disease, and nine patients died due to disease progression
at the time of data cutoff, with a median overall survival of 32.2 months (95% CI 26.9-NA).
Another 23 NSCLC patients were receiving ICI alone, 70% as first-line treatment, and
14 deaths were detected at data cutoff. Median overall survival for this group of patients
was 44.4 months (95% CI 31.6-NA). The last subgroup of 35 oncogene-addicted NSCLC
were all receiving targeted therapy at the time of vaccination and were mostly still alive
at the data cutoff (25/35 patients) with a median follow-up time of 64.5 months (range
35.6-94.5 months). The timing of vaccination did not negatively affect the time of cancer
therapy receipt, neither did it cause further disease progression. Timelines of patients with
thoracic malignancies receiving different treatment strategies and the timing of vaccination
doses received are presented in Figure 3.
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Figure 3.
(A) chemotherapy, (B) chemotherapy + immune checkpoint inhibitors, (C) immune checkpoint
inhibitors alone, (D) targeted therapy; blue lines—timeline of therapy received prior to the vac-

Swimmer plots of patients with thoracic malignancies receiving cancer therapy

cination; yellow lines—timeline of cancer therapy received at the time of first vaccination; grey
lines—further cancer therapies after disease progression; dotted line—therapy—free interval; red
stripes—vaccine doses received by patients in regards to cancer therapy; green arrows represent
patients still alive at data cutoff and black dots represent patients that died.

4. Discussion

The rate at which COVID-19 vaccines were developed and introduced to the public,
was exceptional [3-5]. Since then, more than 67% of the world’s population has received
the primary course of vaccination protecting them against disease, and altogether over
13 billion vaccines have been administered as of June 2023. Nevertheless, almost 7 million
deaths were reported since the start of the pandemic, accounting for about a 1% case fatality
rate [18].
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Still, a meta-analysis of 52 studies early on in the pandemic revealed a devastating 25%
case fatality rate of cancer patients in case of COVID-19 infection [19]. The most endangered
population was patients with hematological malignancies, but it seems that close behind,
patients with thoracic malignancies had one of the highest rates of mortality [9]. Patients
with thoracic malignancies suffered from a longer and more severe course of COVID-19
because of their underlying illness, COPD and smoking damage to the lungs, resulting in
62-76% of hospitalizations and 25-33% of deaths directly attributed to COVID-19 [8,10,20,21].
Moreover, due to the unknown, cancer patients were reluctant to get vaccinated at first,
fearing adverse events of vaccination, but also interaction with their oncological treatment
and possible progression of disease [22,23].

As reported before, COVID-19 vaccination was very effective in the solid cancer
population, reaching high immunogenicity with antibody production, which acted as
a safety tool both protecting from infection as well as severe disease course in case of
infection [13,15,24-26]. Adverse events were considered manageable and mostly mild.
However, a lot of concern was raised at the beginning of the pandemic about treatment
with immune checkpoint inhibitors and simultaneous vaccination with COVID-19 vaccines
since that could elicit the patient’s immune response and cause worse ICI-related adverse
events [27]. Initial large trials, which included large numbers of cancer patients, did not
show concerning rates of adverse events in this patient population, even though they either
included both patients with hematological and solid cancers or any type of cancer therapy
received [12,13,24,28,29]. In a large prospective multicenter study where investigators
also divided patients according to the cancer therapy they were receiving, there was no
difference in terms of grades or frequency of local or systemic adverse events after the first
or second vaccination. The most common local adverse event was local pain at the injection
site which ranged from 10 to 26% after the first and 5 to 9% after the second vaccine dose.
The most common systemic adverse event was fatigue, again ranging from 23 to 36% after
the first and 48 to 59% after the second vaccination [24]. Our results show a similar rate
of local pain at the injection site, ranging from 60 to 70%, and fatigue in 21 to 32% after
both vaccination courses. Likewise, the CANVAX trial showed local adverse events in
65% (mostly pain at the injection site) and systemic side effects in 50%, but no severe
adverse or allergic reaction; side effects were reported as mild or moderate in all cases [12].
A study from the UK assessed both healthy controls and cancer patients and reported
much fewer local and systemic adverse events after the primary course of vaccination
amongst patients with cancer [28]. Overall, cancer patients did not exhibit frequent severe
adverse events after vaccination, which can probably be attributed to the tolerance that this
population exhibits since they are already dealing with unpleasant symptoms from disease
itself or the accompanying treatment and might also attribute them to one of those reasons.
Interestingly, one report describes severe skin changes in a patient receiving immune
checkpoint inhibitors (ICI) after vaccination that progressed to Steven Johnsons syndrome,
yet another reports severe hepatitis G4 in a similar setting [24,28]. There was one patient
in our cohort as well who developed severe pericarditis/myocarditis following the first
vaccine dose. Of note, our patient was receiving immune checkpoint inhibitors at the time
of vaccination, which could have also caused pericarditis/myocarditis adverse events [30].
The patient was receiving ICI therapy for 6 months before the cardiac problems ensued
and she received the first dose of mRNA vaccine against SARS-CoV-2 3 weeks before the
complications. She was hospitalized due to severe respiratory insufficiency and spent 14
days in the intensive care unit due to cardiac tamponade that needed to be evacuated by
pericardiocentesis, and her left ventricular ejection fraction decreased severely to only 20%,
thus noradrenalin, dopamine and levosimendan were administered, after which she slowly
recovered. Her troponin levels remained negative, but a thromb in the left ventricle was
observed by CT angiography for which she received low-molecular-weight heparin. She
was treated with methylprednisolone (0.5 mg/kg) and recovered completely. Since her
troponin levels remained negative and the timeline of treatment with ICI precedes the
vaccination with the anti-SARS-CoV-2 vaccine, the exact cause of adverse event emergence
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is not completely resolved but it was concluded by the infectious disease specialist that it
points more in the direction of a vaccination-related adverse event. A recent meta-analysis
of cardiovascular adverse events after receiving mRNA vaccines revealed the occurrence of
myocarditis in 2.7% and pericarditis in 0.4% of vaccinated patients, so either of the causes
is plausible [31].

It is clear now that the vaccination against COVID-19 protects mainly from severe
disease course and less from infection itself, since the SARS-CoV-2 virus was constantly
changing and acquiring new mechanisms of resistance [32]. Our data show that about
37% of patients actually contracted the virus and 22% out of those had moderate disease
course and were mainly protected with additional antiviral therapies. One patient died
as a direct consequence of severe infection, and another from a combination of disease
progression and severe infection. That adds up to a 2% mortality in our cohort of patients
with thoracic malignancies, which is still 10-15 times lower than the initial horrific reports
on their mortality rate [8]. The UK group showed on a large scale that not only the primary
course of vaccination but also the third booster dose is important in protecting patients
against breakthrough infections. Of note, solid cancer patients derive much more benefit
in terms of active or severe infection than patients with hematological malignancies [33].
Another large Canadian study revealed that cancer patients were more likely to acquire
COVID-19 infection if they were treated with either chemotherapy or anti-CD20 drugs.
Also, compared to solid cancer patients, those with hematological malignancies had a
two-fold increased risk of severe outcomes in the case of infection [34]. Moreover, a large
CCC19 initiative that included almost 2500 patients confirmed that patients with cancer
who develop breakthrough COVID-19 infections following two or three doses of mRNA
vaccines had better clinical outcomes compared to an unvaccinated weighted population,
with lower rates of death, ICU admission and hospitalization [35].

Surely, even after the complete primary course of vaccination and the booster dose
are received, there is a waning of immunity with a fall in anti-SARS-CoV-2 IgG levels, as
has been shown in multiple trials [15,33,36-38]. Patients that have lower levels of anti-
SARS-CoV-2 IgG antibodies are more likely to acquire COVID-19 infection. Our data show
breakthrough infection occurring in a median of 230 days, which is certainly a long time
after the last vaccine dose is received and might contribute to infection.

The featured thoracic malignancies patient population had a similar if not even better
overall survival compared to patients included in the pivotal registrational trials of either
ICI or targeted therapy. Just for example, the median overall survival of non-small cell lung
cancer patients treated with first-line monotherapy with immune checkpoint inhibitors is
around 26.3 months and our cohort of patients treated similarly exceeded that number by
18 months [39]. Since the groups are not uniform, we cannot make assumptions or direct
comparisons, but we can safely say that the vaccination against COVID-19 did not nega-
tively impact either cancer progression or the overall survival of this patient population.

Our study, of course, has some limitations, such as the small number of patients
assessed, lack of prospective assessment of treatment groups and equal distribution of
them, lack of assessment of the neutralizing capacity of current variants of concern and
absence of detailed adverse event data after the third booster vaccination. However, the
advantage of the study is its prospective design, preplanned time points for communication
with patients and granularity of clinical data due to local insight into the patient data.

5. Conclusions

Vaccination against COVID-19 has been shown to be both safe and effective in patients
with thoracic malignancies. The rate of severe adverse events is low, as is the occurrence of
critical disease courses in case of infection. Thinking back at what could have been done
better, one could only suggest prioritizing groups with the highest mortality rates, such as
thoracic malignancy patients, for the earliest vaccination and continuation of oncological
treatment. There was no tool to prepare us for the disaster that struck in early 2020 and
there is probably little we can do to prevent similar desolation from happening again.
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Lessons learned through this time should be valued, and science should be shared in the
same manner as it was throughout the pandemic to accelerate further discoveries.

Author Contributions: Conceptualization, U.J., A.A., M.R. and E.S.; methodology, U.J. and A.].;
validation, A.J., U]J. and M.R.; formal analysis, A.].; investigation, U.J, KM., M.C. and U.B.-S;;
resources, M.R. and P.K,; data curation, A.J.; writing—original draft preparation, U.J.; writing—
review and editing, A.J. and M.R; visualization, U.J. and A.A_; supervision, M.R; funding acquisition,
M.R. and PK. All authors have read and agreed to the published version of the manuscript.

Funding: This research was supported by the Slovenian Research Agency (grant no. P3-0360). The
authors have no other relevant affiliations or financial involvement with any organization or entity
with a financial interest in or financial conflict with the subject matter or materials discussed in the
manuscript apart from those disclosed.

Institutional Review Board Statement: The study and its amendment after the third dose of vaccine
was approved by the Slovenian National Ethics Committee (No. 0120-39/2021/6 and 0120-39/2021/9).
This trial was conducted in accordance with the ethical principles of the Declaration of Helsinki.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.
Data Availability Statement: https://doi.org/10.5281/zenodo.10641324 (accessed on 9 February 2024).

Acknowledgments: The authors would like to thank all of the patients enrolled in this study, the
nursing staff and the study coordinators, V. Martinc and E. Raztresen, for their exquisite commitment.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1. Worldometers.info. COVID-19 Coronavirus Pandemic. Available online: https://www.worldometers.info/ (accessed on
2 February 2024).

2. Mathieu, E.; Ritchie, H.; Ortiz-Ospina, E.; Roser, M.; Hasell, J.; Appel, C.; Giattino, C.; Rodés-Guirao, L. A Global Database of
COVID-19 Vaccinations. Nat. Hum. Behav. 2021, 5, 947-953. [CrossRef] [PubMed]

3. Baden, L.R; El Sahly, H.M.; Essink, B.; Kotloff, K.; Frey, S.; Novak, R.; Diemert, D.; Spector, S.A.; Rouphael, N.; Creech, C.B.; et al.
Efficacy and Safety of the MRNA-1273 SARS-CoV-2 Vaccine. N. Engl. ]. Med. 2021, 384, 403-416. [CrossRef] [PubMed]

4.  Polack, EP; Thomas, S.J.; Kitchin, N.; Absalon, J.; Gurtman, A.; Lockhart, S.; Perez, J.L.; Pérez Marc, G.; Moreira, E.D.; Zerbini, C.;
et al. Safety and Efficacy of the BNT162b2 MRNA COVID-19 Vaccine. N. Engl. J. Med. 2020, 383, 2603-2615. [CrossRef] [PubMed]

5. Voysey, M.; Clemens, S.A.C.; Madhi, S.A.; Weckx, L.Y.; Folegatti, PM.; Aley, PK.; Angus, B.; Baillie, V.L.; Barnabas, S.L.;
Bhorat, Q.E.; et al. Safety and Efficacy of the ChAdOx1 NCoV-19 Vaccine (AZD1222) against SARS-CoV-2: An Interim Analysis of
Four Randomised Controlled Trials in Brazil, South Africa, and the UK. Lancet 2021, 397, 99-111. [CrossRef] [PubMed]

6. Sadoff, J.; Gray, G.; Vandebosch, A.; Cardenas, V.; Shukarev, G.; Grinsztejn, B.; Goepfert, P.A.; Truyers, C.; Fennema, H.;
Spiessens, B.; et al. Safety and Efficacy of Single-Dose Ad26.COV2.S Vaccine against COVID-19. N. Engl. ]. Med. 2021, 384,
2187-2201. [CrossRef] [PubMed]

7. Almond, J.; Hacker, J.; Harwood, C.; Pizza, M.; Rappuoli, R.; Ron, E.Z.; Sansonetti, P.; Vanderslott, S.; Wieler, L.H. Development
of Vaccines at the Time of COVID-19. microLife 2020, 1, uqaa003. [CrossRef] [PubMed]

8. Luo, J.; Rizvi, H.; Preeshagul, I.R.; Egger, ].V,; Hoyos, D.; Bandlamudi, C.; McCarthy, C.G.; Falcon, C.J.; Schoenfeld, A.J.;
Arbour, K.C.; et al. COVID-19 in Patients with Lung Cancer. Ann. Oncol. 2020, 31, 1386-1396. [CrossRef]

9.  Bungaro, M.; Passiglia, F,; Scagliotti, G.V. COVID-19 and Lung Cancer: A Comprehensive Overview from Outbreak to Recovery.
Biomedicines 2022, 10, 776. [CrossRef]

10. Garassino, M.C.; Whisenant, ].G.; Huang, L.C.; Trama, A.; Torri, V.; Agustoni, E; Baena, J.; Banna, G.; Berardi, R.; Bettini, A.C.;
et al. COVID-19 in Patients with Thoracic Malignancies (TERAVOLT): First Results of an International, Registry-Based, Cohort
Study. Lancet Oncol. 2020, 21, 914-922. [CrossRef]

11.  Fendler, A.; Shepherd, S.T.C.; Au, L.; Wilkinson, K.A.; Wu, M.; Byrne, F; Cerrone, M.; Schmitt, A.M.; Joharatnam-hogan, N.;
Shum, B.; et al. Adaptive Immunity and Neutralizing Antibodies against SARS-CoV-2 Variants of Concern Following Vaccination
in Patients with Cancer: The CAPTURE Study. Nat. Cancer 2021, 2, 1305-1320. [CrossRef]

12.  Naranbhai, V.; Pernat, C.A.; Gavralidis, A.; St Denis, K.J.; Lam, E.C.; Spring, L.M.; Isakoff, S.].; Farmer, J.R.; Zubiri, L.; Hobbs, G.S.;
et al. Inmunogenicity and Reactogenicity of SARS-CoV-2 Vaccines in Patients With Cancer: The CANVAX Cohort Study. J. Clin.
Oncol. 2021, 40, 12-23. [CrossRef] [PubMed]

13.  Addeo, A.; Shah, PK,; Bordry, N.; Hudson, R.D.; Albracht, B.; Di Marco, M.; Kaklamani, V.; Dietrich, P.Y.; Taylor, B.S,;

Simand, PF; et al. Immunogenicity of SARS-CoV-2 Messenger RNA Vaccines in Patients with Cancer. Cancer Cell 2021,
39, 1091-1098.e2. [CrossRef] [PubMed]


https://doi.org/10.5281/zenodo.10641324
https://www.worldometers.info/
https://doi.org/10.1038/s41562-021-01122-8
https://www.ncbi.nlm.nih.gov/pubmed/33972767
https://doi.org/10.1056/NEJMoa2035389
https://www.ncbi.nlm.nih.gov/pubmed/33378609
https://doi.org/10.1056/NEJMoa2034577
https://www.ncbi.nlm.nih.gov/pubmed/33301246
https://doi.org/10.1016/S0140-6736(20)32661-1
https://www.ncbi.nlm.nih.gov/pubmed/33306989
https://doi.org/10.1056/NEJMoa2101544
https://www.ncbi.nlm.nih.gov/pubmed/33882225
https://doi.org/10.1093/femsml/uqaa003
https://www.ncbi.nlm.nih.gov/pubmed/34235437
https://doi.org/10.1016/j.annonc.2020.06.007
https://doi.org/10.3390/biomedicines10040776
https://doi.org/10.1016/S1470-2045(20)30314-4
https://doi.org/10.1038/s43018-021-00274-w
https://doi.org/10.1200/JCO.21.01891
https://www.ncbi.nlm.nih.gov/pubmed/34752147
https://doi.org/10.1016/j.ccell.2021.06.009
https://www.ncbi.nlm.nih.gov/pubmed/34214473

Biomedicines 2024, 12, 535 11 of 12

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Schmidt, A.L.; Labaki, C.; Hsu, C.Y.,; Bakouny, Z.; Balanchivadze, N.; Berg, S.A.; Blau, S.; Daher, A.; El Zarif, T.; Friese, C.R.; et al.
COVID-19 Vaccination and Breakthrough Infections in Patients with Cancer. Ann. Oncol. 2022, 33, 340-346. [CrossRef] [PubMed]
Janzic, U.; Bidovec-stojkovic, U.; Mohorcic, K.; Mrak, L.; Fokter, N. Solid Cancer Patients Achieve Adequate Immunogenicity and
Low Rate of Severe Adverse Events after SARS-CoV-2 Vaccination. Futur. Oncol. 2022, 18, 2537-2550. [CrossRef] [PubMed]
Janzic, U.; Bidovec-Stojkovic, U.; Korosec, P.; Mohorcic, K.; Mrak, L.; Caks, M.; Ravnik, M.; Skof, E.; Rijavec, M. A Three-Dose
MRNA COVID-19 Vaccine Regime Produces Both Suitable Immunogenicity and Satisfactory Efficacy in Patients with Solid
Cancers. Vaccines 2023, 11, 1017. [CrossRef] [PubMed]

Grom, A.H.; Rehberger, M.; Lavtar, D.; Sinko, M.; Zaletel, M.; Klanscek, H.J.; Vinko, M.; Korogec, A.; Vitek, M.G.; U¢akar, V.; et al.
COVID-19 Pandemic in Slovenia. Available online: https://nijz.si/wp-content/uploads/2023/06/SI-PANDA-21.-izvedba_
ANG_.pdf (accessed on 10 February 2024).

WHO. COVID-19 Vaccination: World Data. Available online: https://data.who.int/dashboards/covid19/vaccines (accessed on
1 February 2024).

Saini, K.S.; Tagliamento, M.; Lambertini, M.; McNally, R.; Romano, M.; Leone, M.; Curigliano, G.; de Azambuja, E. Mortality in
Patients with Cancer and Coronavirus Disease 2019: A Systematic Review and Pooled Analysis of 52 Studies. Eur. ]. Cancer 2020,
139, 43-50. [CrossRef]

Mehta, V.; Goel, S.; Kabarriti, R.; Cole, D.; Goldfinger, M.; Acuna-Villaorduna, A.; Pradhan, K.; Thota, R.; Reissman, S.;
Sparano, J.A.; et al. Case Fatality Rate of Cancer Patients with COVID-19 in a New York Hospital System. Cancer Discov. 2020, 10,
935-941. [CrossRef]

Cui, W.; Yousaf, N.; Bhosle, J.; Minchom, A ; Lee, R.; Brien, M.O.; Popat, S. Real-World Outcomes in Thoracic Cancer Patients with
Severe Acute Respiratory Syndrome Coronavirus 2 (COVID-19): Single UK Institution Experience. Cancer Treat. Res. Commun.
2020, 25, 100261. [CrossRef]

Moujaess, E.; Zeid, N.B.; Samaha, R.; Sawan, J.; Kourie, H.; Labaki, C.; Chebel, R.; Chahine, G.; El Karak, F; Nasr, F,; et al.
Perceptions of the COVID-19 Vaccine among Patients with Cancer: A Single-Institution Survey. Futur. Oncol. 2021, 17, 4071-4079.
[CrossRef]

Brko, G.M.; Popovic, M.; Jovic, M.; Radic, J.; Kladar, M.B.; Nikolic, I.; Vidovic, V.; Bjelobrk, I.K.; Kukic, B.; Salma, S.; et al.
COVID-19 Vaccines and Cancer Patients: Acceptance, Attitudes and Safety. J. BUON 2021, 26, 2183-2190.

Oosting, S.F.; van der Veldt, A.A.M.; GeurtsvanKessel, C.H.; Fehrmann, R.S.N.; van Binnendijk, R.S.; Dingemans, A.-M.C,;
Smit, E.F; Hiltermann, T.J.N.; den Hartog, G.; Jalving, M.; et al. MRNA-1273 COVID-19 Vaccination in Patients Receiving
Chemotherapy, Inmunotherapy, or Chemoimmunotherapy for Solid Tumours: A Prospective, Multicentre, Non-Inferiority Trial.
Lancet Oncol. 2021, 22, 1681-1691. [CrossRef] [PubMed]

Thakkar, A.; Pradhan, K;; Jindal, S.; Cui, Z.; Rockwell, B.; Shah, A.P,; Packer, S.; Sica, R.A.; Sparano, J.; Goldstein, D.Y; et al.
Patterns of Seroconversion for SARS-CoV-2 IgG in Patients with Malignant Disease and Association with Anticancer Therapy.
Nat. Cancer 2021, 2, 392-399. [CrossRef] [PubMed]

Benda, M.; Mutschlechner, B.; Ulmer, H.; Grabher, C.; Severgnini, L.; Volgger, A.; Reimann, P; Lang, T.; Atzl, M.; Huynh, M.; et al.
Serological SARS-CoV-2 Antibody Response, Potential Predictive Markers and Safety of BNT162b2 MRNA COVID-19 Vaccine in
Haematological and Oncological Patients. Br. |. Haematol. 2021, 195, 523-531. [CrossRef] [PubMed]

Garassino, M.C.; Ribas, A. At the Crossroads: COVID-19 and Immune-Checkpoint Blockade for Cancer. Cancer Immunol. Res.
2021, 9, 261-264. [CrossRef] [PubMed]

Monin, L.; Laing, A.G.; Mufioz-Ruiz, M.; McKenzie, D.R.; del Molino del Barrio, I.; Alaguthurai, T.; Domingo-Vila, C,;
Hayday, T.S.; Graham, C.; Seow, J.; et al. Safety and Immunogenicity of One versus Two Doses of the COVID-19 Vaccine
BNT162b2 for Patients with Cancer: Interim Analysis of a Prospective Observational Study. Lancet Oncol. 2021, 22, 765-778.
[CrossRef]

Peeters, M.; Verbruggen, L.; Teuwen, L.; Vanhoutte, G.; Vande Kerckhove, S.; Peeters, B.; Raats, S.; Van der Massen, I;
De Keersmaecker, S.; Debie, Y.; et al. Reduced Humoral Immune Response after BNT162b2 Coronavirus Disease 2019 Messenger
RNA Vaccination in Cancer Patients under Antineoplastic Treatment. ESMO Open 2021, 6, 100274. [CrossRef] [PubMed]
Shalata, W.; Abu-salman, A.; Steckbeck, R.; Jacob, B.M.; Massalha, I.; Yakobson, A. Cardiac Toxicity Associated with Immune
Checkpoint Inhibitors: A Systematic Review. Cancers 2021, 13, 10948. [CrossRef]

Yasmin, F.; Najeeb, H.; Naeem, U.; Moeed, A.; Atif, A.R.; Asghar, M.S.; Nimri, N.; Saleem, M.; Bandyopadhyay, D.; Krittana-
wong, C.; et al. Adverse Events Following COVID-19 MRNA Vaccines: A Systematic Review of Cardiovascular Complication,
Thrombosis, and Thrombocytopenia. Immun. Inflamm. Dis. 2023, 11, e807. [CrossRef]

Scovino, A.M.; Dahab, E.C.; Vieira, G.EF,; Freire-de-Lima, L.; Freire-de-Lima, C.G.; Morrot, A. SARS-CoV-2’s Variants of Concern:
A Brief Characterization. Front. Immunol. 2022, 13, 834098. [CrossRef]

Lee, L.Y.W,; Ionescu, M.C.; Starkey, T.; Little, M.; Tilby, M.; Tripathy, A.R.; Mckenzie, H.S.; Al-Hajji, Y.; Appanna, N.; Barnard, M.;
et al. COVID-19: Third Dose Booster Vaccine Effectiveness against Breakthrough Coronavirus Infection, Hospitalisations and
Death in Patients with Cancer: A Population-Based Study. Eur. J. Cancer 2022, 175, 1-10. [CrossRef]

Gong, LY., Vijenthira, A.; Powis, M.; Calzavara, A.; Patrikar, A.; Sutradhar, R.; Hicks, LK., Wilton, D.; Singh, S,;
Krzyzanowska, M.K,; et al. Association of COVID-19 Vaccination with Breakthrough Infections and Complications in
Patients with Cancer. JAMA Oncol. 2023, 9, 386-394. [CrossRef] [PubMed]


https://doi.org/10.1016/j.annonc.2021.12.006
https://www.ncbi.nlm.nih.gov/pubmed/34958894
https://doi.org/10.2217/fon-2022-0148
https://www.ncbi.nlm.nih.gov/pubmed/35678621
https://doi.org/10.3390/vaccines11061017
https://www.ncbi.nlm.nih.gov/pubmed/37376406
https://nijz.si/wp-content/uploads/2023/06/SI-PANDA-21.-izvedba_ANG_.pdf
https://nijz.si/wp-content/uploads/2023/06/SI-PANDA-21.-izvedba_ANG_.pdf
https://data.who.int/dashboards/covid19/vaccines
https://doi.org/10.1016/j.ejca.2020.08.011
https://doi.org/10.1158/2159-8290.CD-20-0516
https://doi.org/10.1016/j.ctarc.2020.100261
https://doi.org/10.2217/fon-2021-0265
https://doi.org/10.1016/S1470-2045(21)00574-X
https://www.ncbi.nlm.nih.gov/pubmed/34767759
https://doi.org/10.1038/s43018-021-00191-y
https://www.ncbi.nlm.nih.gov/pubmed/34661163
https://doi.org/10.1111/bjh.17743
https://www.ncbi.nlm.nih.gov/pubmed/34346068
https://doi.org/10.1158/2326-6066.CIR-21-0008
https://www.ncbi.nlm.nih.gov/pubmed/33452008
https://doi.org/10.1016/S1470-2045(21)00213-8
https://doi.org/10.1016/j.esmoop.2021.100274
https://www.ncbi.nlm.nih.gov/pubmed/34597941
https://doi.org/10.3390/cancers13205218
https://doi.org/10.1002/iid3.807
https://doi.org/10.3389/fimmu.2022.834098
https://doi.org/10.1016/j.ejca.2022.06.038
https://doi.org/10.1001/jamaoncol.2022.6815
https://www.ncbi.nlm.nih.gov/pubmed/36580318

Biomedicines 2024, 12, 535 12 of 12

35.

36.

37.

38.

39.

Choueiri, T.K,; Labaki, C.; Bakouny, Z.; Hsu, C.Y.; Schmidt, A.L.; de Lima Lopes, G.; Hwang, C.; Singh, S.R.K,; Jani, C,;
Weissmann, L.B.; et al. Breakthrough SARS-CoV-2 Infections among Patients with Cancer Following Two and Three Doses of
COVID-19 MRNA Vaccines: A Retrospective Observational Study from the COVID-19 and Cancer Consortium. Lancet Reg.
Health-Am. 2023, 19, 100445. [CrossRef] [PubMed]

Agbarya, A.; Sarel, I.; Ziv-Baran, T.; Schwartz, O.; Shechtman, Y.; Kozlener, E.; Khoury, R.; Sheikh-Ahmad, M.; Saiegh, L.;
Swaid, F; et al. Response Rate of the Third and Fourth Doses of the BNT162b2 Vaccine Administered to Cancer Patients
Undergoing Active Anti-Neoplastic Treatments. Diseases 2023, 11, 128. [CrossRef] [PubMed]

Barrieére, J.; Carles, M.; Audigier-Valette, C.; Re, D.; Adjtoutah, Z.; Seitz-Polski, B.; Gounant, V.; Descamps, D.; Zaleman, G. Third
Dose of Anti-SARS-CoV-2 Vaccine for Patients with Cancer: Should Humoral Responses Be Monitored? A Position Article. Eur. .
Cancer 2022, 162, 182-193. [CrossRef] [PubMed]

Shapiro, L.C.; Thakkar, A.; Campbell, S.T.; Forest, S.K.; Pradhan, K.; Gonzalez-Lugo, ].D.; Quinn, R.; Bhagat, T.D,;
Choudhary, G.S.; McCort, M.; et al. Efficacy of Booster Doses in Augmenting Waning Immune Responses to COVID-19
Vaccine in Patients with Cancer. Cancer Cell 2022, 40, 3-5. [CrossRef] [PubMed]

Reck, M.; Rodriguez-Abreu, D.; Robinson, A.G.; Hui, R; Cs6szi, T.; Fiilop, A.; Gottfried, M.; Peled, N.; Tafreshi, A.; Cuffe, S.; et al.
Pembrolizumab versus Chemotherapy for PD-L1-Positive Non-Small-Cell Lung Cancer. N. Engl. . Med. 2016, 375, 1823-1833.
[CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1016/j.lana.2023.100445
https://www.ncbi.nlm.nih.gov/pubmed/36818595
https://doi.org/10.3390/diseases11040128
https://www.ncbi.nlm.nih.gov/pubmed/37873772
https://doi.org/10.1016/j.ejca.2021.12.011
https://www.ncbi.nlm.nih.gov/pubmed/35016032
https://doi.org/10.1016/j.ccell.2021.11.006
https://www.ncbi.nlm.nih.gov/pubmed/34838186
https://doi.org/10.1056/NEJMoa1606774

	Introduction 
	Materials and Methods 
	Study Design and Participants 
	Procedures 
	Recognition of Adverse Events 
	Detection of Breakthrough COVID-19 Infection 
	Statistical Analysis and Outcomes 

	Results 
	Adverse Events after the Primary Course of Vaccination 
	Breakthrough COVID-19 Infections 
	Thoracic Malignancies Treatment Outcomes 

	Discussion 
	Conclusions 
	References

