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QUESTION ASKED: As patients with and survivors of
hematologic malignancy are particularly vulnerable to
COVID-19 disease and complications, what are the
predictors of vaccination intention and status over time?

SUMMARY ANSWER: Being younger, unmarried, trust-
ing local faith leaders, and not having a bachelor’s
degree or more were negatively associated with getting
vaccinated among patients with hematologic malig-
nancy. Being vaccinated in June 2021 was positively
associated with the degree to which respondents trust
their oncologist, federal agencies, and pharmaceutical
companies.

WHAT WE DID: A nationwide two-wave panel survey
study of patients with and survivors of hematologic
malignancy was conducted (n5 2,272). The first survey
was fielded in December 2020. The second follow-up
survey was fielded in June 2021. A total of 2,272 in-
dividuals responded to both waves. The following were
analyzed: (1) the predictors of vaccination intentions in
December 2020, prior the first vaccine approval; (2) the
predictors of vaccination status in June 2021; (3) the
extent to which different vaccination concerns predict
later vaccine behavior among those who are hesitant in
2020; and (4) the association between trust in various
sources of information about COVID-19 vaccines and
vaccination status in June 2021. Descriptive statistics
were calculated, and linear probability models were
estimated to examine binary outcomes and their
correlates.

WHAT WE FOUND: Despite vaccine hesitancy in De-
cember 2020, which was before vaccine becoming
available to the public, most patients with and survivors
of hematological malignancies overcame their con-
cerns regarding COVID-19 vaccination and had re-
ceived two doses by June 2021. Most patients and
survivors who were hesitant later reported receiving the

vaccine; 49.4% of those who stated that they were very
unlikely to get vaccinated reported that they ended up
receiving a vaccine, and 79.4% of those who stated
they were unlikely to get vaccinated got vaccinated.
Those hesitant were primarily concerned about the
vaccine’s safety, effectiveness, and development
process. Lack of vaccination at follow-up was predicted
by younger age, not being married, and not having a
bachelor’s degree or more. Vaccination status at follow-
up was not significantly associated with race/ethnicity,
living in an urban/rural zip code, blood cancer diag-
nosis, or treatment status. Being vaccinated in June
2021 was positively associated with the degree to
which respondents trust their oncologist, federal
agencies, and pharmaceutical companies. Oncologists
and primary care physicians were reported as the most
trusted sources for information about vaccines.

BIAS, CONFOUNDING FACTORS(S), REAL-LIFE IMPLICATIONS:
The survey was only administered in English, which
limits generalizability. COVID-19 vaccine hesitancy re-
mains a public policy concern even now as additional
boosters are recommended among vulnerable pop-
ulations. These results have important implications for
efforts that can be undertaken by the medical com-
munity and advocacy organizations, as well as public
health and other government officials, regarding vaccine
decision-making support among this vulnerable pop-
ulation. Our findings suggest that patient trust in their
treating physicians can play a critical role in promoting
individual patient and public health goals. Given the
positive association between trust in federal agencies
and vaccine uptake, public health officials should work
to build trust in these agencies by remaining responsive
to emerging data and by communicating transparently
about regulatory decision making, especially where it
relates to the medical needs of vulnerable populations.
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abstract

PURPOSE Patients with and survivors of hematologic malignancies are particularly vulnerable to COVID-19
disease and complications. This study examined patients’ vaccination attitudes and behaviors and their
correlates.

METHODS A two-wave survey was fielded in December 2020 and June 2021 among hematologic malignancy
patients and survivors (N 5 2,272). Demographic characteristics, intent to get vaccinated, vaccination status,
attitudes toward vaccination, and level of trust in specific sources of information about COVID-19 vaccines were
assessed. Descriptive statistics were calculated, and linear probability models were estimated to examine binary
outcomes and their correlates.

RESULTS In December 2020, before COVID-19 vaccines were available, 73% stated they were likely or very likely
to get vaccinated if an FDA-approved vaccine became available; however, in June 2021 over 90% reported
being vaccinated. Being younger, unmarried, trusting local faith leaders, and not having a bachelor’s degree or
more were negatively associated with getting vaccinated. Among those hesitant in December 2020, those who
expressed a distrust of vaccines in general were least likely to get vaccinated. Being vaccinated in June 2021
was positively associated with the degree to which respondents trust their oncologist, federal agencies, and
pharmaceutical companies. Oncologists and primary care physicians were reported as the most trusted sources
for information about vaccines.

DISCUSSION COVID-19 vaccine hesitancy remains a public policy concern even now, as additional boosters are
recommended among vulnerable populations. Our findings suggest that patient trust in their treating physicians
can play a critical role in promoting individual patient and public health goals.
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INTRODUCTION

An estimated 1.5 million people in the United States
are living with or in remission from a hematologic
malignancy (blood cancer).1 Many patients with blood
cancer and survivors are particularly vulnerable to
COVID-19 disease and complications, as blood can-
cers can affect the bone marrow, blood cells, and
lymphatic system,2 and most patients tend to be di-
agnosed in the sixth through ninth decades of life.3-6

Moreover, certain blood cancer treatments can be
immunosuppressive.7 However, vaccination can re-
duce risks associated with COVID-19,8,9 and data have
also shown that booster shots can help some patients
significantly (depending on the type of cancer and
treatment received).10,11

Although CDC guidelines prioritize patients with
cancer in the 1c vaccine group,12 patients with
cancer have expressed concerns related to the
vaccine, in part because this group has faced in-
consistent vaccine guidelines and because patients
with cancer were excluded from COVID-19 vaccine
trials, resulting in lack of data on vaccine safety and
efficacy.13-16 Data on vaccine adoption among pa-
tients with cancer and other vulnerable subpopula-
tions are scarce, although vaccines have become
widely available in the United States. Little is known
about how demographic factors and vaccine con-
cerns relate to adoption and what sources of infor-
mation about vaccination are most trusted among
patients with cancer.
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To better understand vaccination attitudes and behavior
over time among patients with and survivors of a blood
cancer, a nationwide two-wave survey was conducted. This
study aimed to understand (1) the predictors of vaccination
intentions in December 2020, prior the first vaccine ap-
proval; (2) the predictors of vaccination status in June
2021; (3) the extent to which different vaccination con-
cerns predict later vaccine behavior among those who are
hesitant in 2020; and (4) the association between trust in
various sources of information about COVID-19 vaccines
and vaccination status in June 2021. The goal of these
efforts was to identify factors that may maximize vaccine
adoption and adherence to evolving booster recommen-
dations among this population.

METHODS

Study Design and Conduct

The first survey was launched in December 2020. Survey
invitations were distributed via email to approximately
93,000 patients with and survivors of hematological malig-
nancy (leukemia, lymphoma, myeloma, myeloproliferative
neoplasms, and myelodysplastic syndromes [MDS]) in The
Leukemia & Lymphoma Society’s (LLS) constituent data-
base. In total, 6,516 responses were obtained, for a response
rate of 7%. The survey was distributed in English only.

Survey design was informed by the Health Beliefs
Model.17,18 In the first survey, demographic information,
cancer diagnosis, and treatment status were recorded, and
participants were asked questions about their attitudes
toward vaccination. Specifically, they were asked: “Imagine
that your doctor offers you a COVID-19 vaccine for free in
January 2021. How likely are you to choose to get the
vaccine?” scored on a five-point Likert scale (very unlikely,
unlikely, neither likely nor unlikely, likely, and very likely).
Participants were also asked to indicate why they were
likely/unlikely to get vaccinated (they could choose be-
tween 10 different options).

The second survey was fielded in June 2021 and was
distributed to the same LLS constituent database. In total,
6,389 participants responded to the second wave (a re-
sponse rate of 6.7%), and 2,272 individuals responded to
both waves. As an aim of the study was to assess hesitancy
and adoption over time, attention in this article is restricted
to respondents who completed both waves.

In the second wave, demographic information was re-
elicited, and participants were asked if they had received
one or more vaccines, why they had or had not gotten
vaccinated, and, if unvaccinated, if they are likely to get
vaccinated in the future. Finally, participants were asked
whether they trust different sources, such as their oncol-
ogist, pharmaceutical companies, and federal agencies, for
information about COVID-19 vaccines.

This study was approved by the Institutional Review Board
of Boston University (#A231602CD). Participants were not

remunerated for their participation. Both surveys were
administered via Qualtrics. In both waves, those who had
not responded to the survey after one week received a
reminder email, and participants had two weeks to com-
plete the survey.

Statistical Analysis

Descriptive statistics were conducted regarding respon-
dents’ experiences with and attitudes toward COVID-19
vaccines. Multiple regression analyses were conducted that
examine the four aims outlined above. All multiple re-
gression analyses were conducted using linear probability
models with binary outcomes, controlling for respondents’
age, race/ethnicity, sex, marital status, educational at-
tainment, residence, treatment status, and cancer diag-
nosis. Only results that are statistically significant at a 5%
level are reported in the text. Statistical software Stata
(version 16) was used to conduct the data analyses.

RESULTS

Sample Characteristics

The average age of respondents was 65.75 years; 61.1%
were female. The majority identified as White (93%), 5.86%
as African American/Black, and 1.04% as Asian; 4.26%
identified as Hispanic or Latino/a. Most (58.7%) had a
bachelor’s degree or higher, and 87.24% reported living in
urban zip codes. For comparison, the estimated overall
population of patients with blood cancer in the United States
is 87.1%White, 9.6% Black, 8.8%Hispanic, and 3% Asian,
with the prevalence of blood cancer being greater among
men than women and with most cases being diagnosed at
age 65 years or older.19

Respondents could identify as both patients and survivors;
65% stated that they were patients, and 38.4% identified as
survivors. Although leukemia was the most common re-
ported diagnosis (40%), 32.7% had been diagnosed with
lymphoma, 30.4% with myeloma, 8.36% with MDS, and
8.5% with myeloproliferative neoplasms. Furthermore,
61.8% stated that they were currently undergoing treat-
ment, and 32.7% reported having had a stem-cell
transplant.

Predictors of Vaccination Intentions in December 2020

Figure 1 presents respondents’ intentions to get vaccinated
in December 2020, before emergency use authorization of
any COVID-19 vaccine. The majority of respondents
(52.8%) stated that they are very likely to get vaccinated,
and 20% stated that they are likely to get vaccinated.
However, 15.8% indicated that they are vaccine hesitant
(ie, unlikely or very unlikely to get vaccinated).

Multiple regression analysis (n 5 1,114) revealed that
identifying as female was positively associated with vaccine
hesitancy (b 5 0.0511, P , .01), identifying as African
American/Black was positively associated with vaccine
hesitancy (b 5 0.14, P , .05), age (in years) was negatively
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associatedwith being vaccine hesitant (b5–0.0045,P, .01),
and having a bachelor’s degree or more was also negatively
associated with vaccine hesitancy (b 5 –0.0414, P , .05).
There was no significant association between vaccine hesi-
tancy and identifying as other race/ethnicities, whether the
participant lived in a rural/urban zip code, cancer diagnosis, or
treatment status.

Among the 334 patients and survivors who stated that they
were unlikely or very unlikely to get vaccinated, 54% re-
ported concern that the vaccines were not tested properly
(Fig 2). The second-most common concern was side ef-
fects (52%), followed by the vaccine would be too risky
(50%). Fourteen percent of respondents believed that the
vaccine would not protect them against COVID-19, and

11% expressed a general skepticism toward vaccines by
stating that vaccines are dangerous. In total, 41.9% of
those who stated that they were unlikely or very unlikely to
get a vaccine cited having just one concern while 22.2%
cited two concerns.

Predictors of Vaccination Behavior in 2021

In the second survey (June 2021), 90.7% of respondents
indicated that they had gotten one or more vaccines. Of
those who were vaccinated, 52.2% had received a Pfizer-
BioNTech vaccine, 44.2% had received a Moderna
vaccine, and 3.4% had received a Johnson & Johnson
(Janssen) vaccine. Furthermore, 97.9% of those who had
received a two-dose vaccine (Pfizer-BioNTech or Moderna)
had already received two doses. Most (68.5%) of those who
remained unvaccinated in June 2021 stated that they were
unlikely or very unlikely to take a COVID-19 vaccine in the
future.

Those who stated that they were likely/very likely to get
vaccinated in December 2020 were most likely to have
gotten vaccinated by June 2021. However, 49.4% of those
who stated that they were very unlikely to get vaccinated
reported that they ended up receiving a vaccine, and
79.4% of those who stated they were unlikely to get vac-
cinated got vaccinated. Those who cited the most concerns
about not getting vaccinated in December 2020 were, on
average, the least likely to get vaccinated by June 2021. For
example, 72% of those with one concern ended up getting
vaccinated while only 55% of those with four concerns
were vaccinated, and 33% of those with six concerns were
vaccinated.
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FIG 1. Intentions to get vaccinated in December 2020. Responses are
from the survey conducted in December 2020. Sample size 5 2,120.
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FIG 2. Reasons for being unlikely to get a COVID-19 vaccine in December 2020 among those who stated that they were unlikely or very unlikely
to get vaccinated. Sample size 5 334.
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Among those who remained unvaccinated in June 2021,
the majority were worried about the vaccine being too risky
for their health (59%). Moreover, 53% of participants stated
that my cancer care team does not recommend that I
receive the vaccine at this time, and 49% reported worry
about side effects.

Multiple regression analysis was conducted (Appendix
Table A1, online only) to examine the association between
vaccination status in June 2021 and demographic vari-
ables as well as treatment status and cancer diagnosis
(n5 1,114). It was found that age (measured in years) was
positively associated with getting vaccinated (b 5 0.003,
P , .01). Being married was also positively associated
vaccination status (b 5 0.043, P , .05), as was having a
bachelor’s degree or more (b 5 0.043, P , .05). Vacci-
nation status in June 2021 was not found to be significantly
associated with race/ethnicity, living in an urban/rural zip
code, blood cancer diagnosis, or treatment status.

The Extent to Which Different Vaccine Concerns Predict

Later Vaccination Behavior Among Those Who Were

Hesitant in 2020

Multiple regression analysis was also conducted among
those who stated that they were unlikely to get vaccinated in
December 2020, where vaccine status in June 2021 was
the dependent variable, and the concerns listed in Figure 2
were included as independent variables (n 5 332). The
regression showed that those who cited the vaccine being
too risky as a concern were less likely to get vaccinated
(b 5 –0.125, P , .05) and that those who thought that
vaccines are dangerous in general were the least likely to
get vaccinated (b 5 –0.421, P , .01).

The Association Between Trust in Various Sources of

Information About COVID-19 Vaccines and Vaccine

Status in June 2021

Organizations and individuals that respondents trust for
information about COVID-19 vaccines were examined
(Table 1). Oncologists are trusted by 89.7%, making them

the most trusted source for information about COVID-19
vaccines. The second-most trusted source is primary care
physicians (84.6%). The third-most trusted source is
cancer nonprofits and advocacy organizations (78.9%).
There is a sharp drop-off to fourth place, held by federal
agencies (58%).

Those who were unvaccinated in June 2021 were less likely
to trust the sources listed in Table 1. Specifically, it was
found that 65% of those unvaccinated trust their oncolo-
gist, 57% trust their primary care physician, and 48% trust
cancer nonprofits. Few in this group trust pharmaceutical
companies (11%), and only 16% trust federal agencies.
Moreover, 29% of individuals in this group trust faith
leaders, and 36% trust family and friends.

Finally, there is a strong association between whether
participants trust different sources of information and
whether they were vaccinated. Multiple regression analysis
was conducted with vaccine status as the dependent
variable and with trust in the sources listed in Table 1 as the
independent variables (n 5 1,992). This analysis shows
that trusting your oncologist is positively associated with
getting vaccinated (b 5 0.099, P , .01). Trusting your
primary care physician is also positively associated with
getting vaccinated (b 5 0.082, P , .01), as is trusting
cancer nonprofits (b 5 0.082, P , .01), federal agencies
(b 5 0.081, P , .01), and trusting pharmaceutical com-
panies (b 5 0.077, P , .01). Trusting local faith
leaders was negatively associated with getting vaccinated
(b 5 –0.034, P , .01).

DISCUSSION

In December 2020, which was before a vaccine becoming
publicly available, those more likely to be vaccine hesitant
identified as younger, female, and Black/African American
and reported a lower level of education (less than a
bachelor’s degree). In June 2021, those most likely to be
unvaccinated identified as younger, less educated (less
than a bachelor’s degree), and not married. Predictors of
intent and vaccination found in this study are similar to
those found by KFF and others.20 As found by KFF, race did
not persist as a predictor of vaccination.21

Despite significant vaccine hesitancy in December 2020,
most patients with hematological malignancy overcame
concerns regarding COVID-19 vaccination and had re-
ceived two doses by June 2021. This result may be as one
would expect; as more information became available about
the vaccine, patients and survivors were receiving the
vaccine without serious side effects, vaccination became
key to engaging with others and social activities, and many
physicians were encouraging vaccination.22

Similar to others’ findings, this study found a strong cor-
relation between vaccine intention and eventual behavior,
which is positive news for the large body of work that uses
vaccine intentions as a proxy for actual vaccination

TABLE 1. Trust in Organizations and Individuals for Information About COVID-19
Vaccines

Source of Trust n
Share That
Trust Source

Trust oncologists 2,117 0.897

Trust primary care physician 2,100 0.846

Trust cancer nonprofits and advocacy organizations 2,100 0.789

Trust federal agencies 2,103 0.580

Trust pharmaceutical companies 2,100 0.511

Trust WHO 2,094 0.467

Trust friends, family, and neighbors 2,088 0.451

Trust local, state, or federal leaders
and elected officials

2,106 0.444

Trust local faith leaders 2,036 0.323
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behavior. The results suggest that it may be reasonable to
use vaccine intentions as an outcome measure in exper-
iments that evaluate the effects of various vaccine inter-
ventions and campaigns.23-27

Concerns among those who were hesitant in December
2020 predicted persistent hesitancy in 2021, specifically
the vaccine being too risky and that vaccines are dan-
gerous. This finding among a particularly vulnerable pop-
ulation is similar to others’ findings in the general
population—ie, overarching negative vaccine beliefs are
a significant predictor of unwillingness to be vaccinated.28

The findings also suggest that blood cancer patients’
vaccine behavior is predicted by trust in sources of infor-
mation (again, these findings are similar KFF).29 Interest-
ingly, the analyses show that relatively few respondents
believed that the vaccines were ineffective (14%) and that
many (53%) stated that their cancer care team advised
them against taking the vaccine. The former is somewhat
surprising given the information circulating about the
vaccine being ineffective for certain groups, and the latter is
surprising given the low prevalence of conditions, even
among patients with blood cancer, that make the vaccines
unsuitable. It must be acknowledged, however, that sig-
nificantly less information about suitability was available in
June 2021 than today.

The present study suggests that oncologists have an im-
portant role in discussing vaccination with patients and
caregivers by answering questions and addressing con-
cerns, uncertainty, misinformation, and misperceptions
that are relevant to that particular patient and in the context
of their values, with the recognition that beliefs evolve over
time.30 Although the unvaccinated exhibited less trust
overall, more than half of those who were unvaccinated at
follow-up trust their oncologist for information about COVID-
19 vaccines. The findings that vaccinated patients with
cancer view health care providers and nonprofit organi-
zations as trusted sources of COVID-19 information while
both vaccinated and unvaccinated patients exhibit less
trust in the government are similar to other studies on
patients with cancer and the general population.31-33

These findings suggest important roles for government. First,
public health officials can support oncologists and other
trusted messengers by working to ensure that they have
access to comprehensive and up-to-date information about
vaccine safety and efficacy. Drawing on successful exam-
ples of community engagement, the findings from this study
stress the importance of public health officials partnering
with local healthcare providers and community organiza-
tions to develop tailored outreach programs to address

questions and concerns of local populations.34 At the same
time, it is vital that government officials avoid statements and
actions that erode public confidence in the safety and value
of vaccinations when systematic evidencemeeting accepted
scientific criteria demonstrates their value. Second, given
the positive association between trust in federal agencies
and vaccine uptake, public health officials should work to
build trust in these agencies by remaining responsive to
emerging data and by communicating transparently about
regulatory decision- making, especially as it relates to the
medical needs of vulnerable populations.

It is important to note that this study sample is not fully
representative of the general population of patients with
blood cancer and survivors, as the survey was conducted
among a group that has previously engaged with an ad-
vocacy organization. In addition, the survey was adminis-
tered only in English, which limits the generalizability of the
results to non-English speaking patients and survivors.
Moreover, although the response rate was consistent with
past surveys conducted using the LLS constituent data-
base, the rate was under 10%. It is unknown whether the
results generalize to wider groups of patients with cancer or
racial and ethnic populations underrepresented in the
survey population. Moreover, self-reported political party
affiliation and income level were not collected.

In conclusion, despite vaccine hesitancy in December
2020, most patients with and survivors of hematological
malignancies overcame their concerns regarding COVID-
19 vaccination and had received two doses by June 2021.
Most patients and survivors who were hesitant later re-
ported receiving the vaccine. Those hesitant were primarily
concerned about the vaccine’s safety, effectiveness, and
development process. Lack of vaccination at follow-up was
predicted by younger age, not being married, and not
having a bachelor’s degree or more. Vaccination status at
follow-up was not significantly associated with race/
ethnicity, living in an urban/rural zip code, blood cancer
diagnosis, or treatment status. Those initially hesitant and
who did not get vaccinated at follow-up were most likely to
cite concerns that the vaccine is too risky and vaccines are
dangerous in general. Moreover, although results indicate
that physicians were most trusted when it comes to vaccine
information, those unvaccinated were substantially less
likely to trust physicians and all other sources of infor-
mation. These results have important implications for ef-
forts that can be undertaken by the medical community
and advocacy organizations, as well as public health and
other government officials, regarding vaccine decision-
making support among this vulnerable population.
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APPENDIX

TABLE A1. Predictors of Getting Vaccinated in 2021

Variables
(1)

Vaccinated
(2)

Vaccinated
(3)

Vaccinated

Age 0.00290*** (0.000907) 0.00203** (0.000889)

Female –0.0258 (0.0159) –0.0294* (0.0161)

Hispanic 0.00324 (0.0437) –0.00566 (0.0459)

African American –0.0681 (0.0478) –0.0580 (0.0461)

Married 0.0429** (0.0192) 0.0420** (0.0190)

BSc or more 0.0430** (0.0169) 0.0242 (0.0165)

Rural –0.0277 (0.0364) 0.00437 (0.0347)

Suburban –0.0213 (0.0332) –0.00411 (0.0384)

Currently being treated –0.00955 (0.0165) –0.0170 (0.0163)

Leukemia 0.0112 (0.0310) 0.0243 (0.0290)

Lymphoma 0.00852 (0.0315) 0.00599 (0.0292)

Myeloma 0.0229 (0.0349) 0.0301 (0.0337)

MDS 0.00223 (0.0562) 0.00584 (0.0569)

MPN 0.0804* (0.0440) 0.0803* (0.0411)

Other blood cancer –0.228 (0.199) –0.243 (0.168)

Other diagnosis –0.00448 (0.0472) 0.00176 (0.0464)

Had a stem-cell transplant 0.0131 (0.0249) 0.00791 (0.0267)

Trust your oncologist 0.0966** (0.0482) 0.0993*** (0.0365)

Trust your primary care phys. 0.0497 (0.0339) 0.0818*** (0.0266)

Trust local, state, or federal leaders
and elected officials

0.00247 (0.0146) 0.00625 (0.0112)

Trust local faith leaders –0.0181 (0.0162) –0.0342*** (0.0126)

Trust federal agencies 0.0527*** (0.0190) 0.0805*** (0.0141)

Trust WHO –0.00183 (0.0138) –0.0197* (0.0112)

Trust pharmaceutical companies 0.0645*** (0.0152) 0.0766*** (0.0118)

Trust friends, family, and neighbors –0.00363 (0.0155) –0.0188 (0.0123)

Trust cancer nonprofits and
advocacy organizations

0.0259 (0.0283) 0.0821*** (0.0209)

Constant 0.691*** (0.0756) 0.549*** (0.0833) 0.626*** (0.0334)

Observations 1,114 1,050 1,992

R-squared 0.049 0.133 0.142

NOTE. This table displays three linear probability model regressions. In each instance, our outcome is a binary variable (whether participants
state that they had gotten vaccinated in June 2021). The regressions use data from the survey conducted in June 2021. We do not have data for
all participating individuals as they did not respond to all survey questions. * 5 p , 0.1, ** p , 0.05, *** p , 0.01.

Abbreviations: MDS, myelodysplastic syndrome; MPN, myeloproliferative neoplasm.
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