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Abstract
Objective  Acute lymphoblastic leukemia (ALL) is the most common childhood malignancy and among the most 
common malignancies in young adults and requires a unique pattern of healthcare utilization including an acute/
emergent presentation and an intensive initial 8 months of therapy followed by two years of outpatient treatment. 
The COVID-19 pandemic caused massive global disruptions in healthcare use and delivery. This report aims to 
examine the effects of the COVID-19 pandemic on the presentation, diagnosis and continued management of 
childhood and young adult ALL in regard to utilization and cost of care among commercially insured individuals in 
the United States.

Results  Utilizing a commercial insurance claims database, 529 pediatric and young adult patients were identified 
who were diagnosed with ALL between January 2016 and March 2021. New diagnoses were evaluated by era and 
demographics. Utilization was measured by COVID-related era as number of inpatient and outpatient encounters, 
inpatient days, and cumulative cost during the initial 8 months of therapy. None of these cost or utilization factors 
changed significantly during or shortly after the pandemic. These findings reinforce that the necessary care for 
pediatric and young adult ALL was unwavering despite the massive shifts in the healthcare system caused by 
the COVID-19 pandemic. This provides a valuable benchmark as we further examine the factors that influence 
the pandemic’s impact on health equity and access to care, especially in vulnerable pediatric and young adult 
populations. This is the first investigation of the effect of the COVID-19 pandemic on utilization and cost of care in 
pediatric and young adult cancer.
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Introduction
Acute lymphoblastic leukemia (ALL) is the most com-
mon cancer of childhood and adolescence, with approxi-
mately 3000 new cases diagnosed each year in individuals 
under age 18 years of age in the United States (US) [1]. 
Although the incidence decreases with age, it remains 
among the most common malignancies for young adults 
as well [1]. The COVID-19 pandemic affected healthcare 
use and delivery across the United States and internation-
ally, with multiple studies showing decreased healthcare 
utilization in both the emergency and ambulatory setting, 
particularly in the early months of the pandemic [2–4]. 
A reduction in visits due to patient fear of infection and 
reduced access to typical care due to public health regu-
lations led to dramatic reductions in the use of preventive 
and elective care, including cancer-related care, during 
the first and second quarter of 2020 [5]. Pediatric and 
young adult ALL requires unique healthcare utilization 
including elements of acute/emergent presentation, an 
intensive initial 6–8 months of treatment and nearly two 
years of lower intensity outpatient treatment. We sought 
to examine the effects of the COVID-19 pandemic on the 
presentation, diagnosis and continued management of 
childhood ALL in regard to utilization and cost of health-
care and to examine whether changes in use and cost dif-
fer by patient characteristics.

Methods
Using de-identified commercial insurance data from 
the OptumLabs® Data Warehouse, a cohort of patients 
with ALL was identified, aged 1–30 years and diag-
nosed between January 2016 and March 2021 in the 
United States. The ages for inclusion were selected based 
on inclusion criteria for previous Children’s Oncol-
ogy Group ALL treatment protocols, which included 
individuals aged 1–30 years. Notably, the most recent 

ALL protocol (AALL1732), which opened in June 2019, 
included individuals aged 1–25 years; however, many 
individuals treated for ALL as young adults are treated 
based on pediatric ALL protocols. Date of ALL diagno-
sis was confirmed based on initial ICD-9 and ICD-10 
diagnostic codes (204.00, 204.01, 204.02 and C91.00, 
C91.01, C91.02, respectively) in combination with either 
a CPT code for bone marrow biopsy or lumbar puncture 
within 14 days of the first ALL diagnostic code. Total 
number of new diagnoses were identified and stratified 
by timing of diagnosis, including early pre-COVID era 
(1/2016–6/2019), overlap COVID era (7/2019–3/2020), 
and COVID era (4/2020–3/2021). New diagnoses were 
also evaluated by age, sex and region of the US for differ-
ences in diagnostic patterns. Utilization was measured as 
number of inpatient and outpatient encounters, inpatient 
days, and cumulative cost (inflation adjusted) for the 
initial 8 months of therapy. Associations of demograph-
ics and utilization outcomes with era of diagnosis were 
assessed using chi-square test (or Fisher exact test when 
necessary) and Kruskal-Wallis test. R was used for statis-
tical analyses [6]. 

Results
Among the 529 identified pediatric and young adult 
ALL patients diagnosed within the predetermined time-
frame, 42.5% were female and median age at diagno-
sis was 7 years (interquartile range 4–15 years). There 
were 363 new ALL diagnoses in the pre-COVID era, 63 
in the overlap COVID era, and 103 in the COVID era. 
These frequencies were proportional to the length of 
the respective eras with 8.6, 7.0, and 8.6 diagnoses per 
month, respectively (goodness-of-fit chi-square p = 0.29). 
Patient characteristics of new ALL diagnoses across all 
three eras were similar with respect to age, sex, and geo-
graphic region (Table 1).

Table 1  Patient characteristics and utilization measures by era in which ALL diagnosis occurred
Characteristic Overall

N = 529
Pre-COVID
N = 363

Overlap COVID
N = 63

COVID era
N = 103

p-value*

Median age, years (Q1, Q3) 7 (4, 15) 7 (4, 16) 8 (4, 17) 7 (4, 14) 0.72
Sex, n (%) Female 225 (42.5) 148 (40.8) 30 (47.6) 47 (45.6) 0.46

Male 304 (57.5) 215 (59.2) 33 (52.4) 56 (54.4)
Region, n (%) Midwest 149 (28.2) 100 (27.5) 18 (28.6) 31 (30.1) 0.62

Northeast**
South 219 (41.4) 148 (40.8) 29 (46) 42 (40.8)
Unknown**
West 98 (18.5) 74 (20.4) 7 (11.1) 17 (16.5)

Median outpatient encounters (Q1, Q3) 64 (51, 81) 64 (51, 82) 59 (50, 82.5) 64 (50.5, 76.5) 0.62
Median inpatient encounters (Q1, Q3) 5 (3, 7) 6 (3, 8) 5 (2.5, 7) 5 (2, 7) 0.48
Median inpatient days (Q1, Q3) 38 (21, 58) 38 (23, 58) 37 (19, 59.5) 41 (18, 56) 0.84
Median costs, $1000 (Q1, Q3) 495 (282, 783) 491 (286, 797) 501 (298, 690) 560 (257, 770) 0.92
*Chi-square test was used for sex, Fisher’s exact test was used for region (including censored cells), and Kruskal-Wallis test was used for remaining numeric 
characteristics

**Blank cells correspond to censored cells; multiple cells need to be blanked so frequencies cannot be recovered, per OptumLabs® guidelines
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Utilization for all four measures were similar across 
all three eras (Figure 1). Over the first 8 months of ther-
apy, the median utilization was 5 inpatient encounters, 
64 outpatient encounters, 38 total inpatient days, and 
$495,000 for cumulative cost of care; these values did not 
vary significantly by era (all p > 0.05, Table 1).

Discussion
This real-world cost analysis shows for the first time the 
effect of the COVID-19 pandemic on patterns of care for 
pediatric and young adult ALL– encompassing not only 
the pattern of new diagnoses but also patterns of care 
and cost during the initial 8 months of intensive ther-
apy. We show that the number of inpatient and outpa-
tient encounters, inpatient days and cost of care did not 

Fig. 1  Inpatient/outpatient encounters, inpatient days and cost by COVID era (Pre-COVID era (1/2016–6/2019), overlap COVID era (7/2019–3/2020), and 
COVID era (4/2020–3/2021))
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change significantly during the pandemic, reinforcing the 
fact that the care for pediatric and young adult ALL was 
unwavering despite the massive shifts in the healthcare 
system caused by the COVID-19 pandemic. Although 
the median cost increased between the pre-COVID and 
COVID eras, the change was not statistically significant 
and variability in cost was relatively large, consistent with 
our previous report [7]. 

Investigations into pandemic-related changes in care 
for other pediatric diseases that require significant medi-
cal care and attention at diagnosis include diabetic keto-
acidosis (DKA) for new-onset type 1 diabetes have found 
an increase in incidence of DKA and severe DKA [8]. 
Shifts in access to primary care and patient fear of infec-
tion with accessing the healthcare system have been 
attributed to these alterations in diabetes presentation 
and DKA severity [9]. 

However, in the face of major decreases in preventa-
tive and elective healthcare shown in other studies, we 
have shown that care for pediatric and young adult ALL 
continued at a steady rate throughout the early pandemic 
time period. This study provides a valuable benchmark of 
patterns that can be reassessed over time as we attempt 
to further examine the factors that influence the pandem-
ic’s impact on health equity and access to care, especially 
in vulnerable pediatric and young adult populations.

Limitations
Despite the many strengths of this study, limitations must 
be acknowledged. The use of claims data relies on accu-
rate and consistent coding, which can make it difficult to 
ascertain the exact date of diagnosis or relapse. We were 
unable to comprehensively evaluate racial or ethnic dif-
ferences in pandemic-era ALL cost or care utilization 
given the large proportion of individuals with missing 
or undefined race and ethnicity data. Additionally, the 
OptumLabs Data Warehouse is limited to commercially 
insured individuals, thus excluding publicly insured or 
managed care patients from this analysis and limiting the 
generalizability of these results.

Abbreviations
ALL	� Acute lymphoblastic leukemia
DKA	� Diabetic ketoacidosis
ICD	� International statistical Classification of Diseases
US	� United States

Author contributions
Dr. Alex Hoover and Dr. Lucie Turcotte conceptualized and designed the 
study, drafted the initial manuscript, and critically reviewed and revised 
the manuscript. Dr. Dave Watson and Dr. Mike Finch, and Paige Reimche 
designed the data collection instruments, collected data, carried out the initial 
analyses, and critically reviewed and revised the manuscript. Dr. Lynn Tanner, 
Dr. Laura Gilchrist and Dr. Yoav Messinger critically reviewed and revised the 
manuscript. All authors approved the final manuscript as submitted and agree 
to be accountable for all aspects of the work.

Funding
This work was supported in part by the NIH-NRSA Research Fellowship in 
Translational & Genomic Pediatric Cancer Epidemiology - T32CA099936 (AH), 
the National Cancer Institute Grant No. K08CA234232 (LMT); the Pine Tree 
Apple Classic Fund (LG, YHM); and the Children’s Cancer Research Fund (LMT).

Data availability
The dataset supporting the conclusions of this article is available in the 
OptumLabs data repository, with restricted access but available upon request.

Declarations

Ethics approval and consent to participate
All methods were carried out in accordance with relevant guidelines and 
regulations. This study was reviewed by the Institutional Review Board of the 
University of Minnesota on 7/19/2021 and assigned a determination of “Not 
Human Research” under exemption clause 4: “Collection or study of existing 
data, documents, records, pathological specimens, or diagnostic specimens if 
publicly available or information is recorded by investigator in a manner that 
subjects cannot be identified.” Therefore, the need for informed consent was 
waived by the IRB of the University of Minnesota.

Consent for publication
Not applicable– no identifiable data present.

Competing interests
The authors declare no competing interests.

Received: 4 December 2023 / Accepted: 4 April 2024

References
1.	 Howlader NNA, Krapcho M, Miller D, Brest A, Yu M, Ruhl J, Tatalovich ZMA, 

Lewis DR, Chen HS, Feuer EJ, Cronin KA, editors. SEER Cancer Statistics 
Review, 1975–2018. Based on November 2020 SEER data submission, posted 
to the SEER web site, April 2021. ed: National Cancer Institute. Bethesda, MD.

2.	 Whaley CM, Pera MF, Cantor J, Chang J, Velasco J, Hagg HK, et al. Changes in 
health services use among commercially insured US populations during the 
COVID-19 pandemic. JAMA Netw Open. 2020;3(11):e2024984.

3.	 Pujolar G, Oliver-Anglès A, Vargas I, Vázquez ML. Changes in access to health 
services during the COVID-19 pandemic: a scoping review. Int J Environ Res 
Public Health. 2022;19(3).

4.	 Sato K, Mano T, Niimi Y, Iwata A, Toda T, Iwatsubo T. The impact of COVID-19 
pandemic on the utilization of ambulatory care for patients with chronic 
neurological diseases in Japan: evaluation of an administrative claims data-
base. Biosci Trends. 2021;15(4):219–30.

5.	 Patt D, Gordan L, Diaz M, Okon T, Grady L, Harmison M, et al. Impact of 
COVID-19 on cancer care: how the pandemic is delaying cancer diagnosis 
and treatment for American seniors. JCO Clin Cancer Inf. 2020;4:1059–71.

6.	 Team RC. R: a language and environment for statistical computing. Vienna A, 
R Foundation for Statistical Computing.

7.	 Turcotte LM, Watson D, Tanner L, Hoover A, Gilchrist L, Finch M, et al. 
Real-world cost of pediatric acute lymphoblastic leukemia care among 
commercially insured individuals in the United States: effect of era and age at 
diagnosis. JCO Oncol Pract. 2022;18(11):e1750–61.

8.	 Elgenidy A, Awad AK, Saad K, Atef M, El-Leithy HH, Obiedallah AA et al. 
Incidence of diabetic ketoacidosis during COVID-19 pandemic: a meta-
analysis of 124,597 children with diabetes. Pediatr Res. United States: © 2022. 
The Author(s), under exclusive licence to the International Pediatric Research 
Foundation, Inc.; 2022. pp. 1–12.

9.	 Rabbone I, Schiaffini R, Cherubini V, Maffeis C, Scaramuzza A. Has COVID-19 
delayed the diagnosis and worsened the presentation of type 1 diabetes in 
children? Diabetes Care. 2020;43(11):2870–2.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.


	﻿Impact of the COVID-19 pandemic on utilization and cost for care of pediatric and young adult ALL
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Results
	﻿Discussion
	﻿Limitations
	﻿References


