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Abstract

Pediatric oncology patients are at risk for poor outcomes with respiratory viral
infections. Outcome data for COVID-19 in children and young adults with cancer
are needed; data are sparse for obese/overweight and adolescent and young adult
subgroups. We conducted a single center cohort study of COVID-19 outcomes in
patients younger than 25 years with cancer. Candidate hospitalization risk factors
were analyzed via univariable and multivariable analyses. Eighty-seven patients
with cancer and COVID-19 were identified. Most were Hispanic/Latinx (n = 63,
72%). Forty-two (48%) were overweight/obese. Anticancer therapy included che-
motherapy only (n = 64, 74%), chimeric antigen receptor T-cells (CAR-T, n = 7),
hematopoietic stem cell transplantation (HSCT, n = 12), or CAR-T and HSCT
(n = 4). There was no COVID-19 related mortality. Twenty-six patients (30%)
required COVID-19 related hospitalization; 4 required multiple hospitalizations.
Nine (10%) had severe/critical infection; 6 needed intensive care. COVID-19
resulted in anticancer therapy delays in 22 (34%) of 64 patients on active therapy
(median delay = 14 days). Factors associated with hospitalization included ste-
roids within 2 weeks prior to infection, lymphopenia, previous significant non-
COVID infection, and low COVID-19 PCR cycle threshold value. CAR-T recipients
with B-cell aplasia tended to have severe/critical infection (3 of 7 patients). A COVID-
19 antibody response was detected in 14 of 32 patients (44%). A substantial
proportion of COVID-19 infected children and young adults with cancer require
inpatient management; morbidity may be high in B-cell immunodeficiency.
However, a majority of patients can be taken through chemotherapy without
prolonged therapy delays. Viral load is a potential outcome predictor in COVID-19 in

pediatric cancer.
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What's new?

prolonged delays.

1 | INTRODUCTION
Understanding outcomes of COVID-19 in pediatric patients with
cancer is essential for the treatment of COVID-19 and the optimal
modification of cancer therapy to minimize both the risk of severe
infection due to immunosuppressive cancer therapy and the risk of
cancer progression due to interruption of cancer therapy. COVID-19
in adults with cancer results in high severe disease (26%) and death
(13%) rates.! Multicenter registry and several small single center stud-
ies have provided valuable insights regarding COVID-19 in pediatric
cancer.>® Two multicenter registry studies showed low rates of mor-
tality (0%-1%) and severe infection (6%-8%) in children with cancer in
high income countries.>* In contrast, another multinational registry
reported substantial morbidity including a 37% hospitalization rate.>
Several gaps remain in the knowledge of COVID-19 in pediatric
cancer. The rate of hospitalization for COVID-19 has not been well
defined. Pediatric oncology patients require hospitalization for anti-
cancer therapy or management of toxicities. In published studies,
COVID-19 related and unrelated hospitalizations were not separately
reported” or the criteria used to distinguish the two were unclear.?%°
Lack of uniform criteria for COVID-19 testing across centers, inherent
limitations of multicenter registry studies related to the depth of data,
differences in management practices between centers, and the use of
an infection severity classification system that did not include oxygen
saturation create challenges in the extrapolation of morbidity data
from published registry studies®>® to clinical practice. Furthermore,
data regarding details of anticancer therapy modification in the con-
text of specific intensive anticancer therapy regimens remain scarce.
Obesity and Hispanic/Latinx ethnicity are risk factors for adverse
outcomes in COVID-19 in adults without cancer.”** There is a pau-
city of data for COVID-19 outcomes in pediatric cancer patients with
obesity, a subgroup that has inferior cancer survival outcomes relative
to nonobese patients.? One multicenter study reported a similar hos-
pitalization rate but a higher rate of anticancer therapy modification
for Hispanic/Latinx pediatric cancer patients relative to their peers.®
The adolescent/young adult age group (AYA, 15-29 years) has lower
cancer cure rates and higher rates of anticancer therapy induced tox-
icities relative to younger children,'® raising the possibility of worse
COVID-19 outcomes in this age group. However, AYA have either
been fully or partly excluded in several pediatric studies of COVID-19

It is important to understand outcomes of COVID-19 in pediatric patients with cancer, not only
to appropriately treat the COVID-19, but also to know how best to modify cancer therapy.
Highly immunosuppressive cancer therapy can add to the risk of severe infection, but stopping
cancer treatment can allow the cancer to progress. Here, the authors undertook a single-center
cohort study of COVID-19 outcomes in 87 patients under age 25 with cancer. None died of
COVID-19, but 30% required hospitalization. Risk factors included lymphopenia, recent steroids,
CAR T-cell therapy, and high viral load. Most patients could continue chemotherapy without

and cancer.2”> Chimeric antigen receptor T-cell therapy (CAR-T) recip-
ients have unique immunodeficiencies (B-cell aplasia), and a recent
study reported high mortality (33%) in COVID-19 infected adult
CAR-T recipients.'* Little data has been reported for outcomes of
COVID-19 in pediatric CAR-T recipients, a group of patients with
lower prevalence of organ dysfunction than adults.

In our study, we report COVID-19 morbidity outcomes, risk fac-
tors associated with COVID-19 related hospitalization including viral
load, and detailed data about anticancer therapy modifications in a
cohort of children and AYA with cancer receiving chemotherapy,
hematopoietic stem cell transplantation (HSCT), or CAR-T and com-
prised of substantial proportions of Hispanic/Latinx and overweight/

obese patients.

2 | METHODS

21 | Data extraction

Since March 2020, patients with cancer at Children's Hospital Los
Angeles (CHLA) have been universally screened using reverse-transcrip-
tase-PCR (RT-PCR) for the detection of SARS-CoV-2 in nasopharyngeal
specimens. Patients were screened prior to any sedation, hospitaliza-
tion, CAR-T, or HSCT. In addition, RT-PCR was performed in patients
with symptoms suspicious for COVID-19. CHLA's Children's Center for
Cancer and Blood Disease COVID-19 database was used to identify
patients with cancer aged 25 years and younger who were treated with
chemotherapy, HSCT, or CAR-T, and diagnosed with COVID-19 by
RT-PCR. Inclusion and exclusion criteria are shown in Figure S1. In the
case of patients who received chemotherapy only, patients who devel-
oped COVID-19 while receiving chemotherapy or within 6 months of
completion of chemotherapy were included. There were no postther-
apy time-based exclusion criteria for HSCT and CAR-T patients. We
retrospectively reviewed medical records of patients treated at CHLA
for a cancer and diagnosed with COVID-19 between March 1, 2020
and March 1, 2021. In addition, we prospectively enrolled patients with
COVID-19 between March 2, 2021 and August 5, 2021. We used a
data extraction form consisting of fields covering patient demographics,
cancer diagnosis, anticancer therapy, comorbidities, laboratory values,
clinical course of COVID-19 infection, anti-COVID-19 therapies, and
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COVID-19 related modifications of anticancer therapy. Data was
stored in a REDCap database (version 11.3.2). The study was approved
by the CHLA Institutional Review Board (IRB). The IRB granted a
consent waiver for retrospective data extraction. Informed consent was
obtained for prospectively enrolled patients. Following March 1, 2021,
patients were enrolled onto a prospective trial that collected clinical
data, and obtained blood samples at serial timepoints to assess the
immune response to COVID-19 infection. Due to a sharp decline in
new cases, accrual for the prospective study was low; thus, these
patients are aggregated here with the retrospective patients.

defined based on CDC
criteria.?>¢ Comorbidities were defined as coexisting organ dysfunc-

Obesity/overweight status was

tion, health conditions that required ongoing therapeutic intervention,
or developmental delay. Neutropenia and lymphopenia were both
defined as <500 based on CTCAE version 5.0 criteria for grade 3 or
higher neutropenia and lymphopenia.l”
COVID-19 infection severity included WHO severity class (mild,
moderate, severe, or critical)*® and the need for hospitalization for

Metrics used to assess

management of COVID-19 related manifestations. All pediatric oncol-
ogy patients with febrile neutropenia at our center are hospitalized
for sepsis work-up regardless of clinical symptoms and remain inpa-
tient until count recovery due to the risk of life-threatening bacterial
infection. Hence, COVID-19 related hospitalizations were defined as
hospital stays where COVID-19 manifestations necessitated inpatient
management (respiratory support, intravenous fluids, or vasopressors)
and excluded hospitalizations of COVID-19 infected patients that
were solely for febrile neutropenia. While it is possible that fever in
patients admitted solely for febrile neutropenia may be due to
COVID-19, the need for hospitalization is not reflective of COVID-19
infection severity in these patients. Hospitalizations were classified as
COVID-19 related based on a consensus of two reviewers (RP and
CP). A hospitalization was deemed to be COVID-19 related if both
reviewers determined the hospitalization to be COVID-19 related.

A WHO COVID-19 severity classification-based categorization was
used to classify COVID-19 infections into mild, moderate, severe, and crit-
ical disease (Table S1). Mild disease was defined as COVID-19 infection
without evidence of pneumonia. Moderate disease included infections
with evidence of pneumonia that did not meet the definition of severe
disease. Severe disease was defined as an oxygen saturation <90% on
room air or signs of severe respiratory distress (accessory muscle use or
grunting). Critical disease included cases requiring life-sustaining treatment
(noninvasive or invasive ventilation or vasopressors) for acute respiratory
distress syndrome (ARDS), septic shock, or multisystem inflammatory syn-
drome of children. We assessed each intensive care admission through a
detailed review of the medical records including a search for confounding
etiologies (eg, bacterial sepsis or hyperleukocytosis) to determine whether
the admission was attributable to the need for intensive care support for
COVID-19 manifestations.

The control cohort consisted of all healthy individuals younger
than 25 years of age without cancer who were seen at the CHLA
emergency room with RT-PCR confirmed COVID-19 between March
1, 2020 and March 15, 2021. In order to identify patients seen with
COVID-19 in the emergency room, we searched the CHLA Electronic
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Medical Records system using the ICD-10 code for COVID-19
(U07.1) as the query. Only those patients with a documented positive
COVID-19 RT-PCR result were retained. Patients with a history of
hematology/oncology, pulmonology, or rheumatology clinic encounters
were excluded to eliminate those with cancer, those on immunosup-
pressive medications, or those with pulmonary comorbidities. In addi-
tion, medical records for individual patients were reviewed to exclude
those with cancer, immunodeficiencies, or pulmonary comorbidities.

Figure S2 depicts the approach used to generate the control cohort.

2.2 | Antibody assay

Antibody data for retrospective patients were extracted from the
results of clinical antibody testing obtained by the treating physician.
The anti-COVID-19 IgG antibody assay was done on plasma or serum
using the EUROIMMUN Anti-SARS-CoV-2 ELISA kit.2? In the case of
prospective patients, the assay was done on plasma samples using the
same kit. The test has been validated for serum and plasma samples. A

sample: internal control ratio >1.2 was considered a positive result.

23 | COVID-19 PCR

Nasopharyngeal swabs were sent to the Clinical Virology Laboratory
at CHLA for testing by RT-PCR. The CDC,%° Taqpath (Thermo Fisher,
Walham, MA),%* Xpert Xpress (Cepheid, Sunnyvale, CA),?? or Simplexa
(Diasorin Molecular, Cypress, CA)?® SARS-CoV-2 RT-PCR assays were
used. Cycle threshold (C; values) were extracted from the C; value
data generated during the clinical RT-PCR assay. These C; values were
not available to the treating physician and were not used for clinical

decision making.

24 | Statistical analysis

Statistical analysis was done using R version 3.6.1 and the R package
epitools.2* Fishers' exact (categorical variables) or t-test (PCR C; value)
were used for univariable analysis. Logistic regression was used for
multivariable analysis. Two-sided tests with P < .05 were considered
significant. The primary endpoints were COVID-19 related hospitali-
zation and WHO severity grade (severe/critical vs nonsevere/critical).
To identify risk factors associated with COVID-19 related hospitaliza-
tion in patients with cancer, we first screened candidate clinical and
laboratory predictors in univariable analyses. All categorical variables
with Fisher's exact P-value <.05 were considered in a multivariable
(MV) analysis. This initial MV model included data from all patients
with cancer who had COVID-19 infection. We then built a MV model
that included PCR C; value and all the categorical variables that showed
a Wald's test P-values <.05 in the initial MV model. Patients with
missing PCR C; values (8 patients) were excluded in this final MV model.
MV analysis was done using the R function glm (family = binomial),

which generates Wald's test P-values.
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TABLE 1
therapy characteristics

Age (years)

Sex, n (%)
Male
Female
Ethnicity, n (%)
Hispanic

Non-Hispanic
Weight status
Overweight
Obese
Lean
Cancer, n (%)
Hem, n (%)
ALL
AML
Hodgkin
NHL
Other

Median (range)

@Quicc

Non-Hem, n (%)

Brain

Sarcoma

Neuroblastoma

Wilms

Retinoblastoma

Other

Therapy, n (%)

Chemo

HSCT

CAR

CAR & HSCT
Chemotherapy intensity (n = 64)?

Intense

Nonintense
HSCT type (n = 16)

Allogeneic

Autologous

Days since therapy, median (range)®

HSCT
CAR
Steroids®, n (%)
Anthracyclines, n (%)
Neutropenia®, n (%)
Lymphopenia®, n (%)
Any Comorbidity, n (%)
Neurological
Cardiac

PARKER ET AL.

Baseline patient, cancer, immune status, and anticancer

N =87
12 (0-24)

48 (55)
39 (45)

64 (74)
23 (26)

14 (16)
28 (32)
45 (52)

63(72)
53

2

2

2

4
24 (28)

N B W o N

64 (74)
12 (14)
7(8)
4(4)

29
35

10

305 (—39 to 3939)
629 (21-2142)

18 (21)

65 (75)

14 (16)

35 (40)

51 (59)

14

9

TABLE 1 (Continued)

Pulmonary
Renal

Endocrine

©o ~ b~ O

Infection
Gastrointestinal 10
Other 19
GVHD
Acute 1
Chronic 2
Immune status (allo-HSCT, n = 9)8
Lymphopenia
Neutropenia
CD4 < 200

Immune status (CAR, n = 8)¢

o

Lymphopenia

3
Neutropenia 0
CD4 < 200 2

7

B-cell aplasia

Intense: patients in the midst of a highly myelosuppressive phase of
chemotherapy at the time of COVID-19 infection.

PDays: time interval between the date of last anticancer therapy (HSCT or
CAR) and the date of the first positive COVID-19 PCR.

“Received systemic steroids (not including steroids given as part of
COVID-19 management) within 2 weeks prior to the date of COVID-19
diagnosis.

4Absolute neutrophil count <500.

€Absolute lymphocyte count <500.

fincludes 4 patients with non-COVID viral infection and 4 patients with
fungal infection.

&Patients who had received both HSCT and CAR were classified as
HSCT or CAR based on the last anticancer therapy prior to COVID-19
infection.

3 | RESULTS

3.1 | Baseline characteristics

We identified 87 patients with cancer and RT-PCR confirmed COVID-
19 infection. Eighty-four patients were identified through retrospec-
tive review while the remaining three were prospectively identified at
the time of COVID-19 diagnosis. Tables 1 and S2 (detailed data for
individual subjects) list the baseline characteristics for the cohort. The
median age was 12 years. A majority of the cohort (74%) was of His-
panic/Latinx ethnicity. Almost half the patients (n = 42, 48%) were
either obese (n = 28) or overweight (n = 14). The most common can-
cer was acute lymphoblastic leukemia (ALL, 61%). Anticancer therapy
regimens included chemotherapy alone (74%), HSCT (n = 12),
anti CD19 CAR-T (n = 7), and both HSCT and CAR-T (nh = 4).
Among those who received chemotherapy alone, 29 (45%) had COVID-
19 during an intensive phase of chemotherapy (ALL induction, ALL
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TABLE 2 Clinical presentation and outcomes of COVID-19
infection

N =87
Clinical presentation,
n (%)
Asymptomatic 26 (30)
Fever 38 (44)
Myalgia 16 (18)
URI 47 (54)
LRI 18 (21)
Gl 25(29)
Neurological 9 (10)
Cardiac 5(6)
Skin 6(7)
Hospitalization, n (%)
COVID related 26 (30)

Multiple hospitalizations 4

COVID unrelated 14 (16)
Not hospitalized 47 (54)
Severity®
Mild 69
Moderate 10
Severe 2
Critical 6
Hypoxia, n (%) 12 (14)
Intensive care, n (%) 6(7)
Invasive ventilation® 2
Organ failure 6
Any treatment, n (%) 19 (22)
Remdesivir 14
Steroids 11
Monoclonal 2
Convalescent Plasma 4
Hydroxychloroquine 1
Azithromycin 2
Other 1
Therapy delay (n = 64 on active therapy)
Delayed 22
Duration of delay (days, median (range)) 14 (2-39)°

Abbreviations: LRI, lower respiratory infection; URI, upper respiratory
infection.

2Severity was graded using the World Health Organization scale. Mild:
no pneumonia or hypoxia. Moderate: clinical signs of pneumonia,
chest radiography may help in diagnosis. Severe: oxygen

saturation <90% on room air or signs of severe respiratory distress
(accessory muscle use, grunting.) Critical: life-sustaining treatment for
conditions such as acute respiratory distress syndrome (ARDS), sepsis,
or septic shock.

BIntubation and ventilation.

“Radiotherapy was omitted in one patient due to COVID-19.

(A) Hospitalization

61
c F
ancer 26
85
Healthy P

0 10 20 30 40 50 60 70 80 90
Number of patients

P < .001

COVID-related hospitalization

No
Bl Yes

(B) Infection severity
9 P < .05
Cancer 75
) COVID-19 infection severity
Healthy | 86 Severe/critical

B9 Nonsevere/critical
0 10 20 30 40 50 60 70 80 90 100
Number of patients

FIGURE 1 Hospitalization (A) and infection severity (B) outcomes
in children, adolescents and young adults (AYA) with cancer and
COVID-19 infection (cancer, N = 87 patients) and children and AYA
without cancer who had COVID-19 infection (healthy, n = 87).
Two-sided Fisher exact test P-values for cancer vs healthy shown

delayed intensification, acute myeloid leukemia therapy, and therapy
phases that are expected to drop ANC to less than 500 for more than
1 week). Over half the patients (59%) had at least one comorbidity.

3.2 | COVID-19 outcomes

Clinical presentation: 61 patients (70%) had symptomatic infection.
The most common clinical presentations were fever and upper respi-
ratory infection symptoms (Table 2).

Mortality and morbidity outcomes: There were no COVID-19
related deaths; two patients died from progression of cancer. Twenty-six
(30%) patients required hospitalization for the management (respiratory
support, intravenous fluids, or vasopressors) of COVID-19 manifestations
(COVID-19 related hospitalizations). Four patients (Table S3) needed
multiple hospitalizations due to recurrent fever and respiratory symp-
toms (data for three of these four have been previously reported®).
COVID-19 PCR positivity was seen at all these recurrent hospitalizations.
Nine patients (10%) had severe or critical infection (as defined by the
WHO COVID-19 severity classification); 6 (7%) needed intensive care
management. The median duration following COVID-19 for which data
was available was 98 days (19-351 days). COVID-19 outcomes are
described in Tables 2 and S2 (detailed data for individual subjects).

COVID-19 directed therapy: 19 (22%) patients required treat-
ment for COVID-19; the most common treatments were Remdesivir
and steroids (Table 2).

COVID-19 related complications: Two patients (one CAR-T recip-
ient and one autologous HSCT recipient) developed multisystem
inflammatory syndrome of children (treated with IVIG and Anakinra in
the CAR-T recipient). One patient developed a new thrombus. Two
patients experienced COVID-19 symptoms of intermittent fever and

respiratory symptoms for greater than 2 months.
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Changes to anticancer therapy: Among the 64 patients who were in
the midst of anticancer therapy, 22 (34%) experienced modifications or
delay in anticancer therapy as a result of COVID-19 infection (median
delay = 14 days, range = 2-39 days, radiation therapy discontinued for
one patient). Anticancer therapy was delayed or modified in 13 of
31 patients and 9 of 33 patients in the midst of intensive and noninten-
sive anticancer therapy respectively. Among the eight patients who pre-
sented with COVID-19 at the time of cancer diagnosis, chemotherapy
was delayed or modified up to 2 weeks in two (both with acute leukemia),
and there was no worsening of COVID-19 with intensive chemotherapy
in the seven patients who required an intensive regimen (Table S4). The
three patients with COVID-19 at the time of leukemia diagnosis showed
absence of minimal residual disease at the end of induction.

Duration of PCR positivity: Repeat RT-PCR data were available
for 50 patients. In 14 patients, a positive PCR result was seen in at
least two successive tests. The time interval between the first and last
positive tests was >3 weeks for 12 of these patients and >6 weeks
for four of these patients. Two patients (one CAR-T recipient with B-
cell aplasia, one with ALL) showed PCR positivity for >150 days.?”

Comparison to healthy cohort: Children and AYA with cancer and
COVID-19 showed a significantly higher rate of hospitalization and
severe/critical infection relative to a cohort of COVID-19 infected
patients without cancer that were seen at our center (Figure 1). The
two cohorts did not significantly differ in gender, ethnicity, proportion
of AYA, or time period of COVID-19 diagnosis (Table S5).

3.3 | Risk factors associated with COVID-19
outcomes

Risk factors significantly associated with COVID-related hospitalization
in a univariable analysis included neutropenia (<500 cells per mm?3), lym-

phopenia (<500 cells per mm®), steroid exposure within 2 weeks prior to

the diagnosis of COVID-19, and history of a prior significant non-COVID
infection (defined as past infections for which patients were receiving
ongoing secondary prophylaxis medications at the time of COVID-19
infection). Four patients had a past history of invasive fungal infection,
and four patients had a past history of viral infection (CMV, HHV-6, and
HSV). Conversely, age in the AYA range (age 215), body mass index
(BMI) in the obese/overweight range (BMI >25), and Hispanic/Latinx
ethnicity were not significantly associated with hospitalization. The RT-
PCR cycle threshold value (C;) for virus detection is an inverse measure
of viral load. Patients who required hospitalization had a significantly
lower C; (C; data available for 79 patients, mean C; = 20.2 vs 27.2, hospi-
talized (n = 24) vs not hospitalized (n = 55), P < .05, Figure 2A). The low
number of patients with severe/critical COVID-19 infection limited the
ability to analyze associations with disease severity. However, CAR-T
(as the last therapy prior to COVID-19) tended to be associated with
severe/critical infection (P = .04, Figure 2B); three of eight CAR-T recipi-
ents developed severe/critical infection; all three had B-cell aplasia.

In a multivariable analysis of categorical variables that were signif-
icant in the univariable analysis (Table 3), only lymphopenia, prior ste-
roids, and a history of non-COVID infection retained a significant
association with hospitalization. The multivariable analysis was then
repeated with the above mentioned three variables along with the
continuous variable, C;. Lymphopenia, prior steroids, a history of non-
COVID infection, and lower C; retained a significant association with
hospitalization in the multivariable model (Table 3), indicating that
these factors are independent potential risk factors for COVID-19

related hospitalization in children and AYA with cancer.

3.4 | Antibody response to COVID-19 infection

Anti-COVID-19 IgG antibody data were available for 32 patients
(Table 4). Antibodies were detected in 18 patients. Among these

(A) b < 001 (B) Infection severity grouped by anticancer therapy
® : ' P <.05
o : Chemoth 59 (92%)
§ 40 - . emotherapy |8 go.)
- oo .
o ... !
e 14 (93%)
% 35 b HSCT |1 (7%)
o K3 .
< AN (62%)
! CELTR ’ CAR-T |5 (62%
S 2| Fw 3 (38%)
S S PR rar 10 20 30 40 50 60 70
o IR Number of patients
Nonhospitalized Hospitalized
N = 55 N=24

Infection severity

Nonsevere/critical
Ml severe/critical

FIGURE 2 Associations between COVID-19 outcomes and COVID-19 PCR cycle threshold value or type of anticancer therapy. (A) Cycle
threshold value for diagnostic COVID-19 PCR in children, adolescents and young adults (AYA) with cancer and COVID-19 infection grouped by
need for COVID-19 related hospitalization (PCR cycle threshold value data available for 79 patients). Red diamond: mean. Two-sided t test

P value shown. Each data-point represents an individual patient (B) COVID-19 infection severity grouped by type of anticancer therapy. P value:
Two-sided Fisher exact test P value for a comparison of the three groups testing for a difference between at least two of the three groups
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TABLE 3 Associations between risk factors and COVID related hospitalization

Variables

Age (years)

Sex

Ethnicity

Weight status®

Cancer

Comorbidities

Co_pulm

Co_cardiac

Co_renal

Co_neuro

Co_GlI

Co_endocrine

Co_infection

Co_other

>15 years
<15 years

Male

Female

Hispanic

Non-Hispanic

Obese/OW

Lean

Hem

Non-hem

Yes
No

Yes
No

Yes
No

Yes
No

Yes
No

Yes
No

Yes
No

Yes
No

Yes
No

Hospitalized
N =26

11

15

17

22

14

12

22

18

23

22

25

22

22

25

21

17

Not hospitalized
N =61

18
43

31
30

42
19

28
33

41
20

33

28

59

56

58

10

51

55

58

58

10
51

INTERNATIONAL
JOURNAL of CANCER

S uicc 7

Multivariable® (n = 79; 24 hospitalized

Univariable and 55 not hospitalized)
OR P value OR P value
1.8 (0.7-4.5) 31 ND ND
1.8(0.7-4.7) 25 ND ND
2.5(0.8-8.2) 18 ND ND
1.4 (0.5-3.5) .64 ND ND
2.7 (0.8-8.8) 12 ND ND
1.9 (0.7-5.1) 24 ND ND
3.9 (0.6-24.5) 16 ND ND
2(0.5-8.3) 44 ND ND
0.8 (0.1-7.8) 1 ND ND
0.9 (0.3-3.3) 1 ND ND
1.7 (0.4-6.5) 48 ND ND
0.8 (0.1-7.8) 1 ND ND
4.6 (1-21) .048 6.6 (1.02-42.7) .046
2.7 (0.9-7.8) .15 ND ND

(Continues)
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TABLE 3 (Continued)
Hospitalized Not hospitalized

Variables N =26 N =61
Therapy

Chemo 21 43

HSCT 2 13

CAR 3 5
Steroids

Yes 12 6

No 14 55
Anthracycline

Yes 22 43

No 4 18
Neutropenia

Yes 9 5

No 17 56
Lymphopenia

Yes 17 18

No 9 43
PCR C; (mean) 20.2 (n = 24) 27.2 (n = 55)

Multivariable® (n = 79; 24 hospitalized

Univariable and 55 not hospitalized)
OR P value OR P value
37 ND ND

0.3(0.1-1.5) 21

1.2 (0.3-5.6) 1

7.9 (2.5-24.6) .003 5.1(1.3-20.1) .02

2.3(0.7-7.6) 19 ND ND

5.9 (1.7-20.1) .004 NS

4.5(1.7-12) .004 7.1(1.8-28) .006
.0002 0.9 (0.83-0.97) .01

Note: All P values are two sided. Univariable P values (Fisher exact test for all categorial variables and t-test for C;) were not adjusted for multiple
comparisons and should be interpreted with caution. Multivariable analysis was done using logistic regression. Steroids: exposure to steroids within 14
days prior to COVID-19 diagnosis (does not include steroids administered for COVID-19 management). Neutropenia: ANC <500. Lymphopenia: ALC <500.
Abbreviations: Co, comorbidity; Gl, gastrointestinal; ND, not done; Neur: neurological; NS, not significant; Pulm: pulmonary.

#Multivariable analysis P values and odds ratios shown are from a logistic regression analysis of data from the 79 patients for whom PCR C; data were
available. Lymphopenia, Steroids, and Coinfection were significantly associated with hospitalization, and neutropenia was not significantly associated with
hospitalization in a separate multivariable logistic regression analysis of data from all 87 patients that did not include PCR C; as a variable.

PObesity/overweight (OW) status was defined based on CDC criteria.?>¢

18, two were CAR-T recipients receiving IVIG for B-cell aplasia (one
had received monoclonal antibody), one was a patient in the midst of
ALL chemotherapy who had received monoclonal COVID-19 antibody
therapy, and one was undergoing AML chemotherapy and had
received convalescent plasma. Antibody positivity in these four
patients was most likely from the IVIG, monoclonal antibody or conva-
lescent plasma. One of the patients who received monoclonal
COVID-19 antibody therapy showed high antibody levels >90 days
following monoclonal antibody therapy. Among the remaining
14 patients who showed antibodies, 5 were HSCT recipients (all
>150 days post-HSCT), and four other patients were diagnosed with
COVID-19 at the time of cancer diagnosis or within 2 weeks of initia-
tion of chemotherapy for a new diagnosis of cancer or relapsed can-
cer. Two of these 14 patients showed antibodies for >90 days.

An 1gG antibody response was not detected in 14 of the
32 patients with available Anti-COVID-19 IgG antibody data. Two of
the patients with undetectable antibodies were tested within 7 days
of diagnosis of COVID-19, a timepoint that may have been too early
for the detection of an antibody response. Ten of the remaining
12 negative patients were tested at 227 days after the diagnosis of
COVID-19. Among these 10, 4 were CAR-T recipients with B-cell
aplasia, and 4 were diagnosed with COVID-19 during an intensive

phase of chemotherapy. Overall, these data suggest that at least some
patients among those with active leukemia who have not yet or just
initiated chemotherapy or those with a history of allogeneic HSCT
>6 months prior to COVID-19 can mount an immune response to
COVID-19. Furthermore, the antibody response is sustained for sev-
eral months in some patients.

4 | DISCUSSION

Our study provides comprehensive data for COVID-19 outcomes as
well as the underlying cancer for a pediatric cohort with robust repre-
sentation of Hispanic/Latinx and AYA individuals. Consistent with the
low to no mortality reported in other studies of COVID-19 in pediatric
cancer, there were no COVID-19 related deaths in our cohort. How-
ever, we observed a substantial rate of COVID-19 related hospitaliza-
tion in our study; over one in four patients and over one in three
symptomatic patients required hospitalization. A small minority required
recurrent hospitalization, a finding not reported in other cohorts. Con-
sistent with other studies,?™ the overall rate of severe/critical infection
and need for intensive care were low. While the rate of severe/critical
infection for the whole cohort was low, CAR-T recipients with COVID-19
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TABLE 4 Data for anti-COVID-19 IgG antibodies
Antibody  Phase of therapy at Antibody testing
Subject ID  Diagnosis Therapy ratio® COVID-19 diagnosis timepoint (days)®
2 ALL HSCT 6.7 305 days post-HSCT 38
3 ALL CAR Negative 110
4 ALL HSCT 7.5 165 days post-HSCT 17
5 ALL CAR 6.9 27
7 ALL HSCT 4.9 923 days post-HSCT 41
8 ALL CAR 7.7 28
9 ALL HSCT 4.8 258 days post-HSCT 50
10 ALL HSCT 6.9 1075 days post-HSCT 26
12 Neuroblastoma HSCT 1.5 17
13 ALL CAR Negative 52
16 NHL CAR Negative 39
18 Soft tissue sarcoma  HSCT Negative 14
20 ALL Chemo 2.3 Delayed intensification 83
22 ALL Chemo Negative Maintenance 27
23 Bone sarcoma Chemo 7.5 Induction week 1 4
25 Neuroblastoma Chemo Negative Induction cycle 2 31
37 AML Chemo 14 At cancer diagnosis 39
40 ALL Chemo Negative Consolidation 86
42 ALL Chemo Negative Induction Day 27 3
52 Sarcoma Chemo Negative Cycle 5 19
53 AML Chemo 2 At cancer diagnosis 2
58 ALL Chemo 11.2 Induction Day 5 46
59 ALL Chemo Negative Maintenance 31
60 NHL Chemo Negative COP-R prophase (week 1 149
of induction
chemotherapy)
64 Relapsed ALL Chemo 9.3 Reinduction Day 10 38
75 ALL Chemo Negative Delayed intensification 31
78 ALL Chemo 4.4 Maintenance 23
79 Neuroblastoma HSCT Negative 161 days post-HSCT, 7
cycle 3 of post-HSCT
anti-GD2
immunotherapy
84 ALL CAR Negative 2142 days post-CAR 148
85 ALL Chemo 2.9 Induction Day 27 2
86 ALL Chemo 22 Maintenance 19
87 ALL Chemo 8.3 Interim maintenance 2

Abbreviation: COP-R, cyclophosphamide, vincristine, prednisone, and rituxumab.
2Antibody ratio: ratio of sample to internal control.'” Negative: antibody ratio < 1.2. Days postinfection: Day O = day of PCR diagnosis of COVID-19.
bTime interval between the date of the first positive COVID-19 RT-PCR and the date when the sample was obtained for antibody testing.

tended to have severe/critical infection, results consistent with a
high risk for adverse outcomes in COVID-19 in the setting of CAR-T
induced B-cell immunodeficiency.* The need for inpatient manage-
ment for several nonsevere infections observed in both our cohort

and a multinational registry study® suggests that severity scales
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On IVIG, received monoclonal,

B-cell aplasia

On IVIG, was negative at 16 days,

B-cell aplasia

B-cell aplasia

B-cell aplasia

Was negative at 21 days

Received convalescent plasma

Antibody ratio = 8.2 at Day 117

B-cell aplasia

Antibody titer 1.2 at Day 92

received monoclonal,

titer 8.3 at Day 98

antibody

based largely on respiratory criteria do not fully capture the extent
of morbidity in COVID-19 in pediatric cancer. Several aspects of our
findings differ from those reported in studies of adults with COVID-19.
In contrast to studies of the general adult population,”** our data sug-

gests that children and AYA with cancer who are overweight/obese or
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are of Hispanic/Latinx ethnicity do not seem to be at higher risk for
adverse COVID-19 outcomes relative to other pediatric oncology
patients. Up to a fifth of adults with COVID-19 infection have been
reported to experience symptoms for months, a syndrome that has
been termed long or post-COVID-19 condition.?® However, prolonged
COVID-19 symptoms were rarely observed in our cohort during a
median observation time period of >3 months. A multicenter study of
30 adult CAR-T recipients with COVID-19 reported a COVID-19
related mortality rate of 33%.* In comparison, we observed no deaths
among eight CAR-T recipients.

Defining clinical and biomarker predictors of hospitalization in
COVID-19 in pediatric oncology is critical for informing decisions
regarding early administration of monoclonal antibodies or antivirals.
Consistent with other studies, lymphopenia and prior steroids were
associated with higher COVID-19 morbidity. Of note, unlike other
studies,* neutropenia was not associated with higher morbidity in
our cohort when adjusted for other risk factors. Inclusion of CAR-T
recipients, a subgroup that tended to have severe infection despite
the absence of neutropenia, could account for this lack of association.
The association between lymphopenia and morbidity seen in our
study is consistent with the essential role of lymphocytes in mediating
an effective anti-COVID-19 immune response.?”?® Given the need
for prognostic biomarkers in COVID-19, several studies have investi-
gated the value of PCR C; a surrogate measure of viral load, as an out-
come predictor in COVID-19 in the general population. However,
varying data ranging from no prognostic value to being a risk factor
for mortality have been reported for PCR C; in adults with COVID-
19:29-31 ¢, value criteria for demarcation between low and high viral
loads remain to be defined.?? To our knowledge, our study represents
the first report of an association between low C; and hospitalization in
COVID-19 in pediatric cancer. Our results raise the need for further
prospective studies investigating C; as a potential biomarker for pre-
dicting outcomes in COVID-19 in pediatric cancer.

Given the risk of worsening of COVID-19 infection with immuno-
suppressive anticancer therapy, COVID-19 in patients with cancer
can have significant ramifications for the delivery of effective antican-
cer therapy. Balancing interruption of anticancer therapy against the
risk for malignancy progression can be challenging, especially in
patients with newly diagnosed cancers. Chemotherapy was delayed
or modified in a third of patients in our cohort, a proportion lower
than the 63% rate reported in an international registry study.* The
averaged nature of the rate across chemotherapy regimens that likely
varied between different countries may account for the discrepancy.
Our study also describes patients with COVID-19 at the time of the
diagnosis of cancer. Two of five patients with newly diagnosed hema-
tologic malignancies experienced delays and/or modifications in
induction therapy. However, several patients with mild COVID-19
were able to tolerate intensive induction regimens without worsening
of COVID-19. Overall, these results suggest that most children with
cancer and COVID-19, including those who are newly diagnosed, can
be taken through chemotherapy without prolonged delays.

Characterization of the immune response to COVID-19 in patients

receiving anticancer therapy is needed to inform COVID-19 therapy

and prophylaxis approaches in pediatric cancer. Antibody responses
were detected in over a third of patients in our study for whom anti-
COVID-19 IgG data were available, a result consistent with the notion
that some subgroups of pediatric oncology patients including HSCT
recipients could benefit from COVID-19 vaccination. In a few patients,
we found antibodies that were most likely from monoclonal antibody
therapy or IVIG including one patient who showed antibodies for
>90 days. These results suggest a single dose of monoclonal antibody
may provide immunity in pediatric cancer patients for several months,
and that in some instances IVIG could provide antibodies.

A key strength of our study is the detailed nature of clinical, labo-
ratory, and outcome data provided for the entire cohort, valuable data
for informing management decisions in clinical practice. Our study has
several limitations. The data were from a single center and largely ret-
rospective. The number of HSCT and CAR-T-cell recipients was low,
limiting the ability to make conclusions about outcomes in these
patients. The number of patients with severe/critical infection was
low, limiting the ability to analyze predictors of severe/critical infec-
tion. The relatively small size of the study cohort limited the ability to
analyze associations in the multivariable analysis especially for vari-
ables with a sparse distribution. Antibody data were available for just
a third of the patients, and the timepoints for these data varied
between patients. The timepoint in the infection course at which RT-
PCR was obtained would have inevitably varied between patients, a
caveat to the association between C; and hospitalization. However,
we observed lower C; in patients who required hospitalization. Since
these patients would be expected to have undergone PCR later in the
course of infection relative to those who did not require hospitaliza-
tion, it is unlikely that the temporal decline in viral load after the onset

of symptoms that typically occurs in COVID-19%2

majorly confounded
our analysis. The comparison of hospitalization rates between
COVID-19 infected children with or without cancer could be con-
founded by physician bias toward admitting children with cancer
given their immunodeficiencies. Nevertheless, we also found a higher
rate of severe/critical infection defined by objective WHO criteria in
children with cancer relative to those without cancer, an outcome
analysis unlikely to be confounded by such biases. Lastly, 18 of the
HSCT or CAR-T recipients in our cohort were also included in the
recently reported Pediatric Oncology COVID-19 Case (POCC) registry
study.® Here, we include previously unreported data for these
18 patients including outcomes specifically in the CAR-T subgroup,
immune responses, and RT-PCR C; data.

Our study provides data that could inform the management of
the infection and the anticancer therapy in COVID-19 in children and
AYA receiving intensive cancer therapy regimens. Prospective multi-
center studies are needed to define clinical as well as immune and

viral biomarker prognostic factors in COVID-19 in pediatric cancer.
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