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ABSTRACT

Patients highly vulnerable for COVID-19 infection have been proposed to take priority for vaccination.
However, vaccine hesitancy is usually more prevalent in these patients. Investigation around modifiable
contributors of vaccine hesitancy plays a pivotal role in the formulation of coping strategies. We aimed to
evaluate the impact of vaccine misconception in patients with lung cancer or pulmonary ground-glass
opacity (GGO). A web-based questionnaire was constructed based on a qualitative interview with 15
patients and reviewed by a multidisciplinary expert panel. Six Likert five-scale questions were used to
generate a score of vaccine misconception (SoVM), which ranged from 0 to 24 points, with a higher score
indicating a higher level of misconception. A total of 61.6% (324/526) patients responded to our ques-
tionnaire. A higher proportion of low willingness patients (n = 173), compared to high willingness patients
(n=151), disagreed that cancer patients should be prioritized for COVID-19 vaccination (82.1% vs. 50.3%,
p <.001) and perceived themselves to have contraindications (45.7% vs. 15.9%, p < .001). The mean SoVM
was significantly lower in the high willingness group than the low willingness group (9.9 vs. 13.0, p <.001).
Among the unvaccinated patients, the SoVM increased as the willingness to be vaccinated decreased
(p < .0001). In multivariable logistic regression, patients with higher SoVM (OR 0.783, 95% Cl 0.722-0.848),
being female (OR 0.531, 95% Cl 0.307-0.918) or diagnosed with lung cancer (OR 0.481, 95% Cl 0.284-
0.814) were independently associated with a lower willingness to be vaccinated against COVID-19.
Receiver operating characteristic curve suggested that a SoVM of 11 yielded the best discrimination for
predicting the willingness to receive COVID-19 vaccine (AUC = 0.724). The study findings reveal that
patient misconception significantly contributes to vaccine hesitancy and needs to be addressed by
evidence-based education tailored to their specific concerns.
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Introduction . . . . . .
perceived risk of infection, etc.® Although vaccine hesitancy

Patients with malignancy were reported to be highly vul-
nerable to severe COVID-19-related complications, given
their older age, immunocompromised state, and multiple
comorbidities."> In this context, academic consortiums
have proposed them as the priority candidates for
COVID-19 vaccination,™ although there is currently
a scarcity of trial data in this specific population. Facing
this uncertainty, vaccination guidelines or agencies may
provide only vague instructions and leave the decision of
vaccination to the patients themselves, including those with
potential precancerous diseases in active follow-up.
A strong association between low willingness to be vacci-
nated and concerns about the safety and efficacy of vaccines
has been reported by multiple studies.”® Other predictors
or contributors to vaccine hesitancy include age, gender,
educational level, financial status, vaccine literacy, and

has been thoroughly researched in the general population,
other underlying unclassifiable reasons are less clear in
cancer patients who have demonstrated a higher hesitancy
rate,” especially in patients with tumors in the respiratory
system. Compared to the general population, we noticed
that many cancer or precancerous patients usually pay
more attention to the potential impact of vaccines on
their cancer or indeterminate tumor, than the general
adverse effects of vaccination. Despite their popularity in
this subpopulation, these concerns, such as exacerbation of
tumors provoked by COVID-19 vaccines, are currently not
supported by evidence. These potential misconceptions may
accentuate the existing vaccine hesitancy in these patients,
which can hamper the efforts to promote herd immunity to
COVID-19, and should not be ignored when preparing for
the third wave of COVID-19 attack.
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The course of nationwide inoculation of COVID-19 vac-
cines is rapidly advancing in China, ® with the rate of adverse
events being as low as 11.86/100,000.” Two recent publications
on The Lancet Oncology have also confirmed the short-term
safety of COVID-19 vaccine in cancer patients when compared
to healthy controls.'"®''As the COVID-19 vaccine is relatively
safe, readily available and free of charge in China, other mod-
ifiable contributors to vaccine hesitancy in this specific popula-
tion need to be identified and addressed accordingly to increase
the rate of vaccine acceptance.

To the best of our knowledge, no previous study on vaccine
hesitancy was conducted in patients with lung cancer or pul-
monary ground-glass opacity (GGO). These diseases are highly
prevalent globally and can serve as good representatives for
patients with cancers or pre-cancerous diseases. Investigation
and evaluation of their perspective and acceptance of COVID-
19 vaccines are of great value in breaking down the obstacles of
increasing vaccine coverage in this subpopulation. The current
study aimed to identify modifiable contributors to COVID-19
vaccine hesitancy in patients with lung cancer or pulmonary
GGO, to help formulate coping strategies to advance the vac-
cination campaign.

Materials and methods
Study design

This cross-sectional survey study enrolled a consecutive cohort
of 526 patients with lung cancer or pulmonary GGO who visited
the thoracic surgical clinic in Guangdong Provincial People’s
Hospital from March to May 2021. An online questionnaire was
constructed based on a qualitative interview with an initial
cohort of 15 patients, and then reviewed and revised by an expert
panel formed by surgeons, public health specialists, statistician,
patient representatives and their caregivers. The link of ques-
tionnaire was sent to the patients on WeChat after obtaining
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their informed consent to participate in this study. Completion
of the questionnaire did not result in any benefit or financial
compensation for respondents. This study was approved by the
Research Ethics Committee of Guangdong Provincial People’s
Hospital (KY-Q-2021-087-01), and was conducted according to
the guideline of the Declaration of Helsinki.

Construction of a score of vaccine misconception

Vaccine misconception is defined as the beliefs contradicted to
or not supported by any high-level evidence and expert con-
sensus at the current stage. Vaccine hesitancy due to miscon-
ception was commonly observed in thoracic clinics. To further
clarify this phenomenon, researchers performed a semi-
constructed qualitative interview with 15 lung cancer and
GGO patients, and collected 12 most common concerning
questions of different aspects from these patients. All questions
were then reviewed by the expert panel, and six Likert five-scale
questions were finally formulated to evaluate the level of mis-
conception to COVID-19 vaccination (Figure 1(a)). These
items fell into four different aspects, regarding their knowledge
of the benefits of vaccination (Question 1), adverse outcome of
vaccination (Questions 2&3), indications for vaccination
(Questions 4&5), and necessity of vaccination campaign
(Question 6). The answers to Likert scale questions were then
used to construct a score of vaccine misconception (SoVM) for
every patient. The SoVM ranged from 0 to 24, where “totally
disagree,” “disagree,” “neither agree or disagree,” “agree,”
“totally agree” were designated as 0 to 4 points, respectively.
A higher SoVM indicated a higher level of misconception.

» o« » o«

Statistical analysis

For the sake of comparison, patients were classified into two
groups for comparison based on their diagnosis (lung cancer
versus pulmonary GGO) or willingness for vaccination (high

=009

p=0.185

(@)
Item Question Panel
Q1 I don't think the vaccine can protect me
Q2 I am afraid that the vaccines will accelerate the progression of pulmonary nodules
Q3 I am afraid that the vaccines will provoke the recurrence of cancer
Q4 I believe that patients with malignancy/lung cancer should not be vaccinated
Q5 I believe that patients with pulmonary nodule should not be vaccinated
Q6 1 believe that COVID-19 pandemic is well-controlled in China, and vaccination is no longer needed
(b) p=0.0016 p<0.001 p<0.001 P <0001 p<0.001 p<0.001 (c) p=0.1646 p=0553 p=0065 p=0521
— [ —

Vaccinated/High

a1l

Totally agree

Agree

u Totally disagree

Pulmonary GGO

Pulmonary GGO

Q1

Figure 1. Perceptions to COVID-19 vaccination in patients with lung cancer or pulmonary group glass opacity. (a) Panel of six Likert five-scale questions; (b) subgroup
analysis based on willingness; (c) subgroup analysis based on diagnoses. The Wilcoxon Rank Sum Test tested differences between the groups.
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willingness versus low willingness). Demographic and clinical
data except for age were summarized as frequency and percen-
tage. A two-sided t-test was used to compare continuous vari-
ables. Chi-squared (x2) test or Fisher's exact test was used to
compare categorical variables when appropriate. Differences of
answers to Likert scale questions and the SoVM between
groups were compared by Wilcoxon or Kruskal-Wallis rank
sum test. Internal consistency of SOVM was examined using
Cronbach’s a. Principal component analysis was used to exam-
ine the internal-structural validity of the SoVM. All variables
that were found to have a statistically significant association
with levels of willingness were included in a multivariate logis-
tic regression analysis using the “Enter” procedure. The pre-
dicting value of the SoVM was investigated using the receiver
operating characteristic (ROC) curve and measured by the area
under the curve (AUC). A two-sided p < .05 was considered to
indicate a statistically significant difference. All analyses were
performed using SAS software version 9.4 (SAS Institute Inc.,
Cary, NC, USA). Figures were generated using the Microsoft
Excel 2016 and GraphPad Prism software (Version 8.0).

Sample size

As few studies investigated the vaccine misconception before,
there was a lack of previous knowledge on the difference of the
novel SoVM among patients with different levels of willing-
ness. Therefore, a convenient sample size was used in the
current study, with a post-hoc power calculated by two-
sample t-test. Based on the current results (N, = 173, N, = 151,

t = 13.00, y, = 9.87, a = 0.05), a post-hoc power of >0.99 was
yielded, which indicated an adequate power of our study to
detect a difference between groups.

Results

Sociodemographic characteristics and willingness for
COVID-19 vaccination

In total, 61.6% (324/526) patients responded to our online
questionnaire. Baseline demographics and characteristics of
patients are summarized in Table 1. Among them, 114
(35.2%) patients had lung cancers while the others had solitary
or multiple pulmonary GGO. Lung cancer group had
a significantly higher proportion of males than the GGO
group (41.2% vs. 23.3%, p < .001). Otherwise, they were similar
regarding age, education level and comorbidities (with all
p > .05). Only 19.1% (62/324) of participants had been vacci-
nated against COVID-19, and they were classified as high
willingness group along with the unvaccinated patients who
stated their acceptance of (63/324) or intention to receive (26/
324) the COVID-19 vaccine. Patients who stated their refusal
(20/324) or hesitancy (153/324) for COVID-19 vaccine were
categorized as low willingness group. Male patients or GGO
patients were more likely to have a higher willingness for
COVID-19 vaccines than female patients or lung cancer
patients, respectively (with both p < .001). Participants in this
survey were generally well educated, with more than 80%
participants possessing a high school diploma or above.

Table 1. Characteristics of patients with lung cancer or pulmonary ground-glass opacity (GGO).

Subgroup analysis by diagnosis

Subgroup analysis by willingness

(n, %) (n, %)

GGO Lung cancer P High Low P
Age (MeanzSD) 49.6 £ 9.9 50.1+£9.7 0.706 504 £9.2 493 £ 104 0.295
Gender <0.001 <0.001
Male 49 (23.3) 47 (41.2) 62 (41.1) 34 (19.7)
Female 161 (76.7) 67 (58.8) 89 (58.9) 139 (80.3)
Education level 0.297 0.819
Middle school diploma or below 24 (11.4) 23 (20.2) 20 (13.3) 27 (15.6)
High school diploma or equivalent 96 (45.7) 44 (38.6) 67 (44.4) 73 (42.2)
College diploma and above 90 (42.9) 47 (41.2) 64 (42.4) 73 (42.2)
Comorbidities
Hx of allergy to drug/food 14 (6.7) 12 (10.5) 0.222 14 (9.3) 12 (6.9) 0.4402
Hx of allergy to vaccine/s 0 0 - 0 0 -
Hypertension 35(16.7) 13 (11.4) 0.203 20 (13.3) 28 (16.2) 0.457
Diabetes mellitus 7 (33) 5(4.4) 0.759* 9(5.2) 3(2.0) 0.126*
Coronary artery diseases 3(1.4) 1(0.9) 1.000* 2(1.2) 2(1.3) 1.000*
Chronic dermatosis 10 (4.8) 3(2.6) 0.555* 6 (4.0) 7 (4.1) 0.974
COPD 0 0 - 0 0 -
Chronic communicable diseases 6 (2.9) 9(7.9) 0.039 7 (4.6) 8 (4.6) 0.996
Hematological malignancy 0 0 - 0 0 -
Immunodeficiency diseases 1 (0.5) 0 1.000* 0 1(0.6) 1.000*
Other Hx of malignancy 24 (11.4) 9 (7.9 0.315 12 (8.0) 21 (12.1) 0.013
Diagnosis - <0.001
GGO 210 (100) 0 113 (74.8) 97 (56.1)
Lung cancer 0 114 (100) 38 (25.2) 76 (43.9)
Willingness for vaccination <0.001 -
Completely refuse 6 (2.9) 14 (12.3) - 20 (7.6)
Hesitant 91 (43.3) 62 (54.4) - 153 (58.4)
Acceptable 40 (19.0) 23 (20.2) 63 (41.7) -
Intend to receive 18 (8.6) 8(7.0) 26 (17.2) -
Already vaccinated 55 (26.2) 7 (6.1) 62 (41.1) -

*Fisher's exact test. GGO, ground-glass opacity; COPD, chronic obstructive pulmonary disease; SD, standard deviation; Hx, history.



However, no statistically significant difference in education
level was found in the group comparisons (p = .297 by diag-
nosis and p = .819 by willingness).

Willingness-related perspective to COVID-19 vaccination

The willingness and perspective to COVID-19 vaccination
among patients with lung cancer or pulmonary GGO were
investigated and summarized in Table 2. The high willing-
ness group paid more attention to the vaccine itself, in
terms of efficacy (33.1% vs. 16.2%, p < .001) and safety
(52.3% vs. 40.5%, p = .033), than the low willingness group.
More low willingness patients voted “No” to whether they
agree that cancer patients should be prioritized for COVID-
19 vaccination than vaccinated patients (82.1% vs. 50.3%,
p < .001). It is worth noting that a significantly higher
proportion of low willingness patients perceived themselves
to be contraindicated for COVID-19 vaccination (45.7% vs.
15.9%, p < .001), but this misconception to vaccination
guideline showed no relationship to the diagnoses of
patients (Lung cancer group vs. GGO group, 31.0% vs.
33.3%, p = .660). Although doctors, vaccination guidelines,
news, research data and prophylactic workers were all
important information sources of COVID-19 vaccination
for participants, the two most trustful sources for patients
to assess their eligibility for COVID-19 vaccination were
doctors and research data, rather than prophylactic workers
or vaccination instructions.

HUMAN VACCINES & IMMUNOTHERAPEUTICS 5019

Score of vaccine misconception

We further examined the patients” perception of COVID-19
vaccination using six Likert five-scale questions. Interestingly,
a significantly different picture was found between the high
willingness and low willingness groups, while the lung cancer
group and pulmonary GGO group showed no obvious discre-
pancies (Figure 1(b,c)). More patients in the low willingness
group feared the potential harmful outcome of vaccines to their
cancer or indeterminate tumor, such as provoking cancer
recurrence or progression of GGO (both p < .001).
Insufficient knowledge of the scientific consensus that patients
with cancer or indeterminate tumor are eligible for COVID-19
vaccination was observed in the majority of participants.
Despite this, the high willingness group still demonstrated
a better understanding of the vaccination indication
(p < .001). Besides, the low willingness group presented a
stronger suspicion of the vaccine efficacy (Question 1,
p = .0016) and a higher proportion of incorrect cognition
regarding anti-epidemic strategies (Question 6, p < .001).

All answers mentioned above were assigned with a predefined
score and summed up to generate the SoOVM. Given the SoVM
did not satisfy the assumption of normal distribution (Shapiro-
Wilk test p < .001), it was presented as median (Md) with 25%
percentile to 75% percentile (IQR) in the analyses and interpre-
tation below. As shown in Figure 2, patients with pulmonary
GGO had a similar distribution of SOVM to patients with lung
cancers (Figure 2(a), p = .226), with a median SoVM of 12 and
IQRs ranged from 9 to 14 and 10 to 15, respectively. However,

Table 2. COVID-19-vaccination-related questions for patients with lung cancer or pulmonary ground-glass opacity (GGO).

Subgroup analysis by Subgroup analysis by

diagnosis willingness
(n, %) (n, %)
Lung
GGO cancer P High Low P
Which of the following are the major concerns that impact your willingness to receive COVID-19
vaccination? (multiple response question)
| believe that | am contraindicated for COVID-19 vaccination 65 (31.0) 38(33.3) 0.660 24(159) 79(45.7) <0.001
| was told by prophylactic worker that | am not eligible for COVID-19 vaccination 22 (1050 17 (149) 0241 21(13.9) 18(104)  0.3338
Efficacy of vaccines 56 (26.7) 22(19.3) 0.139 50(33.1) 28(16.2) <0.001
Safety of vaccines 107 (51.0) 42 (36.8) 0.015 79(52.3) 70(40.5)  0.033
Accessibility of vaccines 37 (17.6) 8 (7.0) 0.008 26(17.2) 19(11.0) 0.105
Do you agree that cancer patients should be prioritized for COVID-19 vaccination? 0.503 <0.001
Yes 66 (31.4) 40 (35.1) 75 (49.7) 31(17.9)
No 144 (68.6) 74 (64. 76 (50.3) 142 (82.1)
Which of the following are your information sources of COVID-19 vaccination? (multiple response
question)
Prophylactic worker 53 (25.2) 27 (23.7) 0.757 50(33.1) 30(17.3) 0.001
Doctor 85 (40.5) 54 (47.4) 0231 62(41.1) 77 (44.5) 0.532
Vaccination guidelines/instructions 70 (33.3) 49 (43.00 0.085 61(40.4) 58(33.5) 0.201
Research data 45(21.4) 29 (254) 0412 35(23.2) 39(225) 0.892
News 97 (46.2) 62 (54.4) 0.159 67 (444) 92(53.2) 0.114
Friends/families 43(20.5) 19(16.7) 0.405 32(21.2) 30(17.3) 0.379
Others 3(14) 3 (2.6) 0443  2(1.3) 4(2.3) 0.689*
Which of the following are the most trustful information source for assessing your eligibility for
COVID-19 vaccines?
Prophylactic worker 23(11.00 10(88) 0536 22(14.6) 11(6.4) 0.015
Doctor 77 (36.7) 49 (43.0) 0.265 55(36.4) 71 (41.0) 0.395
Vaccination guidelines/instructions 36 (17.1) 8(7.00 0.011 26(17.2) 18(104) 0.074
Research data 57(27.1) 39(342) 0.183 37(245) 59 (34.1) 0.059
News 10 (4.8) 3(2:6) 0351 6 (4.0) 7 (4.1) 0.974
Friends/families 7 (3.3) 3(2.6) 0.727 5(3.3) 5(2.9) 1.000*
Others 0 2(1.8) 0.123* 0 2(1.2) 0.501*
SoVM Score (Mean+SD) 113+40 120+3.7 0.09 99x42 13.0x3.0 <0.001

*Fisher's exact test. GGO, ground-glass opacity.



5020 W. ZHUANG ET AL.

25 p=0.226 25+

20 20

SoVM

p <0.0001

25 p <0.0001

204

SoVM

Vaccinated
(n=62)

Pulmonary GGO
(n=210)
(@

Lung cancer
(n=114)

Unvaccinated Refuse  Hesitant Acceptable Intend to
(n=262) (n=20) (n=153) (n=63) Receive (n=26)
(b) ()

Figure 2. Comparisons of score of vaccine misconception (SoVM) in patients with different characteristics. (a) Difference of SoVM between pulmonary GGO and lung
cancer groups; (b) difference of SOVM between vaccinated and unvaccinated groups; (c) difference of SoVM among unvaccinated patients with different level of
willingness to receive COVID-19 vaccines. Dotted lines in violin plots indicates the median and quartiles. Differences between the groups were compared by the

Wilcoxon or Kruskal-Wallis rank sum test.

Table 3. Multivariable logistic regression analyses of influencing factors of vaccination willingness.

Variables Coefficient Standard error X2 Adjusted odd ratio 95% Confidence interval P-value
Intercept 3.4057 0.5318 41.0108 <0.0001
Gender —-0.6333 0.2796 5.13 0.531 0.307 0.918 0.0235
Diagnosis -0.7319 0.2682 7.446 0.481 0.284 0.814 0.0064
SoVM —0.245 0.041 35.7538 0.783 0.722 0.848 <0.0001

Vaccination willingness is defined as a dichotomous dependent variable (high or low willingness) in regression analysis. SOVM, score of vaccine misconception.

patients who had been vaccinated (Md = 10, IQR 5-12) demon-
strated a significant lower SoVM than the unvaccinated patients
(Md = 12, IQR 11-15) (Figure 2(b), p < .0001). Among the
unvaccinated patients, the median SoVMs gradually increased
from 9 (IQR 8-12) to 16 (IQR 12.5-18) as the willingness to be
vaccinated decreased (Figure 2(c), p < .0001). Taken as a whole,
the high willingness patients had a significantly lower mean
SoVM than the low willingness patients (9.9 vs. 13.0, p < .001,
Table 2). In multivariable logistic regression analysis (Table 3),
female patients (OR 0.531, 95% CI, 0.307-0.918), patients with
higher SoVM (OR 0.783, 95%CI, 0.722-0.848), and lung cancer
patients (OR 0.481, 95%CI, 0.284-0.814) were independently
associated with lower willingness to be vaccinated against
COVID-19. ROC analysis suggested a SoVM of 11 yields the
best discrimination for prediction of the willingness to receive
the vaccine (Sensitivity = 57.0%, Specificity = 76.3%,
AUC = 0.724) (Figure 3).

Internal consistency and factor structure of SoVM

Cronbach’s a for the SoOVM was 0.75, indicating an acceptable
reliability for this exploratory study. A two-factor oblique solution
yielded a clear structure with a clinically sound assignment of the
items to two components, explaining 67.0% of the variance.
Component 1 can be summarized as the disease-related miscon-
ception, including the SoVM items “adverse outcome of vaccina-
tion” and “indications of vaccination” (Questions 2 to 5), which
explains 46.3% of the variance in overall vaccine misconception.

100
80
&
<~ 60
Z
=
£ 404
2] Cutoff value = 11
AUC=0.7244
20 Sensitivity: 57.0%
Specificity: 76.3%
0+ T T T T
0 20 40 60 80 100

1 - Specificity (%)

Figure 3. Receiver operating characteristic curve analysis of SoOVM. Performance of
SoVM to discriminate different levels of willingness to receive the vaccine.

Component 2 can be concluded as the general misconception,
including the SoVM items “knowledge to the benefit of vaccina-
tion” and “necessity of vaccination campaign” (Question 1 and 6),
which explains 20.7% of the variance in overall vaccine
misconception.



Discussion

Vaccine hesitancy, which refers to delay in acceptance or
refusal of vaccination despite availability of vaccination
services,'> remains one of the primary obstacles to bring the
COVID-19 pandemic to an end. The contributors to vaccine
hesitancy usually varied from population to population, which
need to be addressed in a way that is tailored to their socio-
demographic characteristics and specific concerns.””™'
Knowledge of these contributors through data analysis would
help to guide the development of such strategies to advance the
vaccination campaign. However, contributors reported in pre-
vious studies, such as age, gender, educational level, and finan-
cial status, were mainly non-modifiable elements.®
Identification of modifiable contributors would be more useful
for alleviating vaccine hesitancy. The current study explored
the potential association between vaccine hesitancy and mis-
conception of COVID-19 vaccine in patients with lung cancer
or pulmonary GGO. Results presented in this study may serve
as a reference for mitigating vaccine hesitancy in patients with
cancer or pre-cancerous disease.

In our study, both the lung cancer and pulmonary GGO
groups demonstrated a considerable high rate of vaccine
hesitancy (66.7% vs. 46.2%), which are significantly higher
than the results reported in other comparable studies.'”'®
This discrepancy might derive from the vague inoculation
instruction for cancer patients, insufficient education for
this specific subpopulation and the fact that COVID-19 pan-
demic was well controlled in China. These factors played
important roles in generating vaccination misconceptions,
which ultimately exacerbated the existing vaccine hesitancy.
In the current study, comparative analyses suggested that the
lung cancer group and pulmonary GGO group had a good
homogeneity in both dimensions of sociodemographic and
vaccination-related perspectives (Table 1, Table 2 and
Figure 1(c)). Therefore, these two groups of patients were
taken as a whole in the analysis of vaccine misconception
and willingness of inoculation. A novel but simple score to
measure potential misconceptions, abbreviated as SoVM and
covers four different aspects of beliefs, was established and
validated by the current study in patients with lung cancer or
pulmonary GGO. SoVM was found to be one of the indepen-
dent influencing factors for willingness by multivariable logis-
tic regression (OR 0.783, 95% CI, 0.722-0.848, p < .0001),
adjusted by gender and diagnosis (Table 3). A higher SoVM
predicted lower willingness to get COVID-19 vaccines in lung
cancer or GGO patients. As is shown in Figure 3, ROC
analysis suggested a moderate accuracy of SoVM to discrimi-
nate patients with different willingness to receive the vaccine
(AUC = 0.724). However, the relatively low sensitivity
(57.0%) and the acceptable specificity (76.3%) indicated the
necessity to incorporate additional predictors.

Although unexplained interactions between vaccination and
cancer, either positive or negative, have been reported in a few
studies,'”*° no high-level evidence with considerable sample size
can be found to draw a convincing conclusion. Therefore, the
belief that COVID-19 vaccine could accelerate the progression of
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pulmonary GGO or provoke lung cancer recurrence can be
defined as a misconception in a certain sense. As suggested by
the SoVM (Figure 2), unvaccinated patients have a significantly
higher level of misconception than the vaccinated patients
(SoVMyq = 12 vs. 10, p < .0001). Given that vaccine inoculation
may be delayed in some unvaccinated patients due to non-
personal reasons, the willingness to receive vaccines may vary
among the unvaccinated patients and warrants further investi-
gation. In this study, the unvaccinated patients who stated their
refusal (SoVMy4 = 16, IQR 13.5-18) or hesitancy (SoVMyq = 12,
IQR 11-15) for COVID-19 vaccines also showed a significantly
higher level of misconception than those with a higher willingness
(p <.0001). A previous study also revealed similar misconceptions
to COVID-19 vaccines that exacerbated the vaccine hesitancy in
patients with celiac disease. It was reported that 27.2% of hesitant
patients declared that their underlying diseases influenced their
willingness for COVID-19 vaccination, and one out of every five
patients felt themselves to be more vulnerable to adverse events
because of celiac disease.!® Therefore, patient education to address
vaccination-related concerns should be evidence-based and tai-
lored to the specific population. Among general communities,
lower education level was found to be associated with lower will-
ingness to receive COVID-19 vaccine in many previous studies.
1 In contrast, we found no significant impact by education level
in our study. This discrepancy could be partially explained by the
dominant impact from the underlying diseases, as the patients
usually have similar knowledges to these diseases regardless of
their education levels. Although the short-term safety of COVID-
19 vaccines in cancer patients had been confirmed in several
studies,'”"" misunderstanding can still exist for a long time due
to lag phase of interpretation and transmission of first-hand data
to the public. Obviously, no data is available at the current stage to
answer the questions about long-term effects of COVID-19 vac-
cine on lung cancer or pulmonary GGO. We, therefore, launched
a corresponding prospective cohort study (CoVac-Lung), which is
registered with ClinicalTrials.gov (NCT04894682) and is under
active recruitment. We also call for more prospective studies to
continuously address these unanswered research questions with
reliable scientific evidence *' for the efforts to finally eradicate
SARS-CoV-2.

The results of this study were bolstered by its methodologi-
cal strengths, including the involvement of a qualitative inter-
view and an expert panel in the construction of our
questionnaire. This procedure strengthened the validity and
reliability of our survey. We also established a novel score that
can detect misconceptions to COVID-19 vaccination with
good sensitivity. Future studies can be directed to examine
whether tailored patient education can lower the SoVM and
increase their willingness to receive COVID-19 vaccines.
Nonetheless, our study may be limited by its relatively small
sample size, as the morbidity of lung cancer and GGO is very
high in China. The web-based nature of the survey may also
result in selection bias. Older patients who are less familiar
with the internet may be less likely to complete the question-
naire, which may have resulted in a relatively low response rate
of our survey and limited the generalizability of study results in
the elderly. Besides, given the context of provincial tertiary
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hospital, more than 80% of enrolled patients possessing a high
school diploma or above in our study, which may limit the
power to distinguish the influence of education levels.
Additionally, local government’s policy and social atmosphere
can influence the willingness to vaccine inoculation. This
might also limit the generalizability of the results in other
regions due to the involvement of a single institution.

Conclusion

To conclude, our study results suggest that vaccine hesitancy may
be exacerbated by misconception or specific concerns to under-
lying diseases in patients with lung cancer or pulmonary GGO.
Evidence-based patient education is an indispensable element that
is urgently required in order to mitigate vaccine hesitancy and to
advance the vaccination campaign, especially in the countries
where vaccine supplies are no longer a speed-limiting factor.
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