
Received: 10 December 2020 Revised: 22 July 2021 Accepted: 16 August 2021

DOI: 10.1002/pbc.29324 Pediatric
Blood &
Cancer The American Society of

Pediatric Hematology/OncologyS U RV I VOR SH I P : B R I E F R E PORT

Impact of COVID-19 pandemic on a large cohort of adult
survivors of childhood cancer

Kevin R. Krull1,2 AaronMcDonald1 Pamela Goodman3

Christopher Vukadinovich1 James Ford1 WendyM. Leisenring3 Eric J. Chow3

Leslie L. Robison1 Gregory T. Armstrong1,4

1 Department of Epidemiology and Cancer

Control, St. Jude Children’s Research Hospital,

Memphis, Tennessee, USA

2 Department of Psychology, St. Jude

Children’s Research Hospital, Memphis,

Tennessee, USA

3 Clinical Research and Public Health Sciences

Divisions, Fred Hutchinson Cancer Research

Center, Seattle,Washington, USA

4 Department of Oncology, St. Jude Children’s

Research Hospital, Memphis, Tennessee, USA

Correspondence

KevinKrull,DepartmentofEpidemiologyand

CancerControl, St. JudeChildren’sResearch

Hospital, 262DannyThomasPl,MS735,

Memphis, TN38105-3678,USA.

Email: kevin.krull@stjude.org

Abstract

Childhood cancersurvivors may be differentially impacted by coronavirus disease

2019 (COVID-19). From April to June of 2020, we examined psychosocial/health con-

cerns in 4148 adult survivors and 571 siblings. Althoughmore survivors reported con-

cerns about getting sick (p = .002) and needing hospitalization (p = .003) in general,

survivors and siblings were comparably concerned about being infected with and the

consequences of COVID-19. Cranial radiationwas associatedwith social isolation (rel-

ative risk [RR]=1.3,CI=1.1–1.7), andcentral nervous system (CNS) tumorswereasso-

ciated with unemployment due to COVID-19 (RR= 1.7, CI = 1.2–2.2). Some survivors

appear more vulnerable and may require more support to meet health care and voca-

tional needs during COVID-19, though siblings also perceive substantial risk.
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1 INTRODUCTION

Long-term childhood cancer survivors are at risk for chronic health

conditions,1 neurocognitive impairment,2 limited physical mobility,3

psychosocial problems,4 financial toxicity,5 and early mortality. They

often require higher frequency and complexity ofmedical care and sup-

portive services and demonstrate lower educational attainment and

employment.2,6 Such factorsmay result in survivors beingmore vulner-

able to environmental stressors associated with the coronavirus dis-

ease 2019 (COVID-19) pandemic compared to the general population.

Childhood cancer survivors report more emotional distress than

siblings,4 and limited access to health care and social support asso-

ciated with the COVID-19 pandemic may exacerbate the emotional

distress survivors already experience. To compound these stressors,

survivors are at greater risk for lower educational attainment, which

may result in employment in jobs that are vulnerable to economic

Abbreviations: CCSS, Childhood Cancer Survivor Study; CI, confidence interval; CNS, central

nervous system; COVID-19, coronavirus disease 2019; CTCAE, Common Terminology

Criteria for Adverse Events; RR, relative risk.

downturns.7 Lastly, some of the more prevalent chronic health con-

ditions among survivors, including hypertension, diabetes, and pul-

monary dysfunction, place them at higher risk for serious and life-

threatening complications resulting fromCOVID-19 infection.

The current study presents results of a web-based survey of a large

sample of long-term childhood cancer survivors and siblings of sur-

vivors enrolled in the Childhood Cancer Survivor Study (CCSS). The

survey was conducted from April 13 to June 9, 2020 during the initial

months of the COVID-19 pandemic.

2 METHODS

2.1 Participants

Participants were recruited from CCSS, a retrospectively identified

cohort of survivors treated at one of the 31 institutions in North

America between 1970 and 1999, who were ≥5 years from diagno-

sis at cohort recruitment.8 A sample of siblings of randomly identified
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survivors is also included in the cohort. Participants are followed

prospectively with serial surveys of physical, behavioral, and social

factors. For the current study, survivors and siblings were asked to

complete a brief web-based survey of psychosocial function and cop-

ing. Eligible participants included 7367 survivors and 945 siblings

who previously downloaded a long-term follow-up app developed for

CCSS. The survey was made available for 2 months, during which time

4148 survivors (56.3%) and 571 siblings (60.4%) submitted responses.

Among survivors, nonresponders were more likely to be male (49.7%

vs. 43.2%), less likely to be non-HispanicWhite (81.1% vs. 86.3%White

non-Hispanic), and more likely diagnosed with central nervous system

(CNS) tumor (17.0% vs. 12.7%).

As all participants are part of the established CCSS cohort, exist-

ing data from prior medical record abstraction were used to iden-

tify cancer diagnosis and treatment exposures in survivors. Survivors

and siblings completed the follow-up 5 survey to report on symptoms

and patterns of chronic health conditions. These reports were taken

from the most recent survey and graded using the Common Terminol-

ogy Criteria for Adverse Events (CTCAE) version 4.03, with grades 1–

4 (mild, moderate, severe, or life-threatening, respectively) coded by

organ system.9

2.2 Survey questions

Participants completed a brief 24-item web-based survey comprised

of questions previously used in the CCSS cohort (https://ccss.stjude.

org/tools-and-documents/questionnaires.html) and questions taken

from published resources. Demographic and social attainment items

included changes in employment status, recent hospitalizations, and

household size. Questions related to general psychosocial function

were taken from the PROMIS item banks for Social Roles/Activities,

Emotional Distress-Anxiety, Emotional Impact, Emotional Well-Being,

Positive Affect, Perceived Stress, Social Isolation, and Self Efficacy.10

Questions were also selected from a survey of COVID-19-related risk

perception and coping in the general population.11

2.3 Statistical analyses

Descriptive statistics characterized survivors and siblings. Among

survivors, cancer treatment was dichotomized (yes/no). Maximum

grade of CTCAE conditions were identified by organ system and

dichotomized (grades 2–4 vs. <2). All psychosocial and coping survey

items were asked using their standard 5-point Likert scale. Responses

in the two most problematic scale ratings were identified as impaired.

Frequency of impairment, unemployment, and general health mea-

sures were compared between survivors and siblings using multivari-

able generalized linearmodelswith a log-link and robust sandwich vari-

ances both overall and by diagnosis, adjusting for age, sex, race, and

household size. Where numbers were small, Fisher’s exact tests were

used. Among survivors, associations between treatment and CTCAE

conditions with employment, general health, and psychosocial out-

comes were examined in separate models, adjusted for age, sex, race,

andhousehold size.p-Values arenot adjusted formultiple comparisons.

3 RESULTS

Survivors (56.8% female; median [interquartile range] age 41 [35–49]

years) were comparable to siblings (59.5% female, age 46 [38–53]

years), though had higher frequency of chronic health conditions.

Compared with siblings, more survivors reported concerns about

getting sick (relative risk [RR]=1.5, 95%confidence interval [CI]=1.1–

1.9), needing to go to the hospital (RR = 1.9, CI = 1.2–3.0), feeling

left out of social interactions (RR = 1.4, CI = 1.0–2.0), and expecta-

tions of worsening health (RR = 1.5, CI = 1.2–1.8) (Table 1). Survivors

and siblings were equally worried about COVID-19 (41.9% vs. 44.6%,

p = 0.14), including becoming infected (32.4% vs. 30.4%, p = 0.62).

More survivors reported being admitted to the hospital in the past

4 months (RR = 2.3, CI = 1.4–3.8), with eight survivors and no sib-

lings having aCOVID-19-related admission, and slightlymore reported

being laid off or unemployed due to COVID-19 (RR = 1.3, CI = 1.0–

1.6), most elevated for those diagnosed with CNS tumors (RR = 1.7,

CI= 1.2–2.2) or Hodgkin lymphoma (RR= 1.5, CI= 1.1–2.1) compared

to siblings.

Among survivors, those treated with chest radiation were more

likely to be concerned about needing to go to the hospital (RR = 1.6,

CI = 1.1–2.2) and their future health (RR = 1.3, CI = 1.2–1.4)

(Table S1). Survivors treated with cranial radiation reportedmore feel-

ings of being left out (RR = 1.3, CI = 1.1–1.7). Psychosocial prob-

lems were associated with chronic health conditions, particularly car-

diac and neurologic conditions (Figure 1). Higher COVID-19-related

unemployment was identified in survivors treated with cranial radia-

tion (RR = 1.3, CI = 1.1–1.5) and those reporting neurologic chronic

conditions (RR= 1.7, CI= 1.4–2.0).

4 DISCUSSION

In the midst of the COVID-19 pandemic, which has limited access

to health care, economic resources, and social interactions, we found

long-term survivors of childhood cancer report greater stress over

future status and general health needs, though both survivors and

siblings were comparably concerned about being exposed to and the

consequences of COVID-19 infection. Long-term survivors of child-

hood cancer are a vulnerable population, more prone to chronic con-

ditions than their siblings. It is thus surprising that they are not more

concerned about COVID than their siblings. Unemployment due to

COVID-19 was identified more often by survivors of CNS tumors,

those treatedwith cranial radiation, and thosewho develop neurologic

chronic conditions. These brain-based cancer-related factors aremore

frequently associatedwith neurocognitive problems and subsequently

lower educational attainment,2 both of which increase the likelihood

of being employed in jobs that may be more vulnerable to economic

fluctuations.12

Although more survivors reported concerns over social exclusion

impact from COVID-19 on employment compared to siblings, they did

not report more general fears or worries during this pandemic. This

is consistent with an earlier report that nearly one-third of long-term

https://ccss.stjude.org/tools-and-documents/questionnaires.html
https://ccss.stjude.org/tools-and-documents/questionnaires.html
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Relative Risk 

Concern about getting sick 

Concern about hospitalization 

Feeling left out 

Concern about future health 

Concern that health worsens 

Transportation to doctor’s office 

Concern about family getting infected 

Recently hospitalized  

Recently unemployed 

Chronic Health Conditions 
 Cardiac 
 Neurological 
 Respiratory 

F IGURE 1 Relative risk of significant
concerns about getting sick, needing to go to
the hospital, feeling left out of social
interactions, future health status, health getting
worse, having someone available to drive to the
doctor’s office, and having a family member
infected by COVID-19, as well as risk for
recently being admitted to the hospital and
being unemployed due to COVID-19. Risk
ratios presented for
moderate/severe/life-threatening chronic
health conditions compared tomild/no
conditions for cardiac, neurological, and
respiratory systems

adult survivors of childhood cancer were not concerned about their

future health.13 Also, fewer survivors reported concerns about them-

selvesor familymembers gettingCOVID-19compared to their siblings.

This pattern may be due to heightened fears and worries over COVID-

19 in the broader population,14 as well as siblings reporting greater

concern for their sibling survivor.

Long-term survivors of childhood cancer require higher frequency

and complexity of health care,6 services that are more difficult to

obtain during this pandemic.15 Survivors are more likely to experi-

ence conditions like cardiopulmonary disease, and may be at greater

risk to consequences of COVID. They also experience more eco-

nomic problems and require increased vocational support, particularly

those survivors who may be experiencing neurologic and cognitive

impairment.
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