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Disparities in the Intensity of End-of-
Life Care for Children With Cancer
Emily E. Johnston, MD,​a Elysia Alvarez, MD, MPH,​a Olga Saynina, MBA,​b Lee Sanders, MD, MPH,​b,​c  
Smita Bhatia, MD, MPH,​d Lisa J. Chamberlain, MD, MPHb,​c

BACKGROUND: Many adult patients with cancer who know they are dying choose less intense 
care; additionally, high-intensity care is associated with worse caregiver outcomes. Little is 
known about intensity of end-of-life care in children with cancer.
METHODS: By using the California Office of Statewide Health Planning and Development 
administrative database, we performed a population-based analysis of patients with cancer 
aged 0 to 21 who died between 2000 and 2011. Rates of and sociodemographic and clinical 
factors associated with previously-defined end-of-life intensity indicators were determined. 
The intensity indicators included an intense medical intervention (cardiopulmonary 
resuscitation, intubation, ICU admission, or hemodialysis) within 30 days of death, 
intravenous chemotherapy within 14 days of death, and hospital death.
RESULTS: The 3732 patients were 34% non-Hispanic white, and 41% had hematologic 
malignancies. The most prevalent intensity indicators were hospital death (63%) and ICU 
admission (20%). Sixty-five percent had ≥1 intensity indicator, 23% ≥2, and 22% ≥1 intense 
medical intervention. There was a bimodal association between age and intensity: ages 
<5 years and 15 to 21 years was associated with intense care. Patients with hematologic 
malignancies were more likely to have high-intensity end-of-life care, as were patients from 
underrepresented minorities, those who lived closer to the hospital, those who received 
care at a nonspecialty center (neither Children’s Oncology Group nor National Cancer 
Institute Designated Cancer Center), and those receiving care after 2008.
CONCLUSIONS: Nearly two-thirds of children who died of cancer experienced intense end-of-life 
care. Further research needs to determine if these rates and disparities are consistent with 
patient and/or family goals.
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What’s Known on This Subject: Many adult 
patients with cancer who know they are dying 
choose less intense care. High-intensity care is 
associated with worse caregiver outcomes. Little 
is known about the end-of-life care intensity of 
pediatric patients with cancer in the United States.

What This Study Adds: Nearly two-thirds of 
children with cancer received intense end-of-life 
care intervention. Patients <5 years, adolescents, 
racial and/or ethnic minorities, and patients with 
hematologic malignancies received more intense 
end-of-life care. It is unknown if these rates and 
disparities are consistent with care goals.
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Cancer is the leading cause of 
nonaccidental death in US children, 
with almost 2800 deaths annually,​
‍1 making end-of-life studies in 
pediatric oncology critical. Despite 
pediatric palliative care becoming a 
board-certificated specialty and an 
increase in pediatric palliative care 
programs in the last decade,​‍2  
pediatric patients with cancer 
are experiencing large end-of-life 
symptom burden.‍3 In 1 study of 
children with advanced cancer, 
48% had pain, 46% fatigue, and 
37% irritability.‍3 Therefore, novel 
approaches and studies are needed 
to understand and improve pediatric 
end-of-life care, including population-
based studies.4 Additionally, studies 
of pediatric oncology end-of-life care 
can lay groundwork for studying 
other disease-related causes of death 
in pediatrics.

Intensity of end-of-life care receives 
much attention in adult oncology 
because of concerns that it may not 
be consistent with patient goals and 
caregiver outcomes in addition to 
cost. The majority of older adults 
who know they are dying do not 
want life-extending measures,​‍5,​‍6 and 
end-of-life care accounts for ∼25% 
of Medicare spending.‍7‍–9 Among 
adult caregivers of dying patients, 
more intense end-of-life care and 
hospital death are associated with 
worse caregiver outcomes (major 
depressive, posttraumatic stress, 
and prolonged grief disorders).‍10,​‍11 
The American Academy of Pediatrics 
(AAP),​‍12 the American Society 
of Clinical Oncology,​‍13 and other 
professional organizations14‍–‍16 call 
for a palliative approach to terminal 
illnesses.

Population-level studies of intensity 
of end-of-life care have been aided 
by the development and validation 
of administrative database intensity 
indicators, including ICU admission, 
hospital death, and procedures like 
intubation and hemodialysis within 
30 days of death.‍17‍–‍19 However, 
there are no population-level 

studies of intensity of end-of-life 
care in pediatric oncology in the 
United States. Initial population-
level pediatric oncology intensity 
studies were conducted in Taiwan‍20 
and Korea,​21 with almost 80% of 
children dying of cancer receiving 
intense care, but cultural and health 
care system differences limit US 
generalizability. Recently, the first 
North American population-based 
study of intensity of end-of-life 
care revealed that 41% of pediatric 
oncology patients receive intense 
end-of-life care in Ontario, Canada.‍22 
Again, differences in health care 
systems limit US generalizability. 
Therefore, we sought to determine 
the rates of and disparities in 
intensity of end-of-life in pediatric 
oncology through a population-based 
study in the United States (CA).

Methods

Study Design and Oversight

We conducted a retrospective 
(2000–2011) population-based 
analysis by using the California 
Office of Statewide Health Planning 
and Development (OSHPD) private 
patient discharge data database and 
vital statistics death certificate data. 
The database links a patient’s final 
admission and death certificate, with 
2000 to 2011 linked at the time of 
analysis. All California hospitals, 
except federal facilities and prison 
hospitals, must submit discharge 
information to OSHPD. OSHPD data 
includes: age, race and/or ethnicity, 
sex, residence zip code, payer, length 
of stay, and up to 24 International 
Classification of Diseases, Ninth 
Revision (ICD-9) codes. Stanford 
University Institutional Review 
Board and the California Committee 
for Protection of Human Subjects 
approved the study. Administrative 
data study reporting guidelines were 
followed.‍23

Study Population

The study population included 
patients aged 0 to 21 years at the 
time of death, who died between 
2000 and 2011, with an oncologic 
diagnosis during a hospitalization 
within 6 months of death or cancer 
as the death certificate cause of 
death (‍Fig 1). The list of oncologic 
ICD-9 codes were developed by 
combining oncologic diagnosis in 
the Clinical Classification Software‍24 
and oncologic ICD-9 codes 
previously used in OSHPD‍25 and 
removing potential nonmalignant 
conditions (eg, carcinomas-in-situ 
and Langerhans cell histiocytosis). 
The resulting ICD-9 codes were 
grouped according to surveillance, 
epidemiology, and end results 
program adolescent young adult 
site categories.‍26 Four pediatric 
oncologists reviewed the list. Death 
certificate cause of death categories 
for malignant neoplasms (C00–C97) 
were included but not benign or in 
situ neoplasms. Patients who died of 
accidents (except medical errors) or 
peripartum events were excluded.

Dependent Variables

Indicators of inpatient intensity 
of end-of-life care were ICU 
admission, intubation or mechanical 
ventilation, tracheostomy placement, 
gastrostomy-tube placement, 
hemodialysis, or cardiopulmonary 
resuscitation (CPR) in the last 
30 days of life, intravenous 
chemotherapy in the last 14 days of 
life, and hospital death.‍15,​‍17‍–‍19 ICD-9 
codes for intensity were previously 
described for all but ICU admission, 
which is not directly coded.17 ICU 
admission was determined by 
codes for intubation, mechanical 
ventilation by using an endotracheal 
tube or tracheostomy, arterial 
catheterization, or central venous 
pressure monitoring. Codes were 
included if they were present during 
an admission that took place entirely 
within the time frame of interest. 
Death location was determined 
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from death certificates or hospital 
disposition of death. We calculated 
individual intensity indicator rates 
and composite measures including: 
(1) number of intense indicators for 
each patient (any of the above); (2) 
any medically-intense intervention 
(ICU admission, intubation or 
mechanical ventilation, hemodialysis, 
or CPR); and (3) technology-
dependent condition (gastrostomy or 
tracheostomy tube placement).

Independent Variables

Sociodemographic variables (payer 
status, death age, sex, race and/
or ethnicity, median household 
income [zip code–level median 
household income categorized by 
the 2004 federal poverty level‍27], 
and metropolitan service area) were 
determined from death certificates 
when possible, otherwise from last 
admission. The distance between 
residence and last hospital, closest 
hospital, and closest specialty 
center was calculated from zip code 
centers. Primary cancer diagnoses 
were classified (as above) and 
then grouped into hematologic 
malignancies (leukemia and 
lymphoma) and nonhematologic 

malignancies (solid tumors). 
Specialty centers were defined as 
Children’s Oncology Group centers or 
National Cancer Institute designated 
comprehensive cancer centers. 
Patients were classified by number 
of nononcologic chronic condition 
categories by using categorizations 
of common causes of admission in 
children with chronic conditions.‍28

Statistical Analysis

Descriptive statistics were calculated 
for each independent and dependent 
variable and number of intense 
indicators, receipt of a medically-
intense intervention, and technology-
dependent intervention. By using 
the a priori independent variables 
above, logistic regression models 
were constructed to determine 
factors associated with: (1) hospital 
death, (2) any medically-intense 
intervention, (3) ≥2 intensity 
indicators, and (4) intravenous 
chemotherapy. A model was 
not constructed for technology-
dependent therapies given low rates. 
Because of colinearity concerns, the 
univariate results and population 
distribution, distance from residence 
to final hospital but not urban 

and/or rural status, distance to 
closest hospital, or distance to 
specialty center was retained for the 
multivariable regression. Additional 
analyses used an interaction term 
between age and diagnosis. Results 
were presented as adjusted odds 
ratios and 95% confidence intervals. 
SAS version 9.1 (SAS Institute Inc, 
Cary, NC) was used.

Results

Study Population Characteristics

The study population had 3732 
patients (‍Fig 1) with the expected 
clinical and sociodemographic 
characteristic for a California cohort 
of pediatric patients dying of cancer 
(‍Table 1). The majority of patients 
had solid tumors (59%) with central 
nervous system tumors the most 
common (24%). Forty-one percent 
had a hematologic malignancy, with 
acute lymphoblastic leukemia the 
most common single hematologic 
malignancy (20%). The population 
was slightly older (with 43% being 
15 to 21 years old) and diverse (with 
45% Hispanic and 34% non-Hispanic 
white). Final hospitalization was at a 
specialty center for 78% of patients; 
however, it was more frequently 
at nonspecialty centers for older 
patients (‍Fig 2A).

Intensity Rates

The most common intensity 
indicators were hospital death 
(63%), ICU admission (20%), and 
intubation or mechanical ventilation 
(20%) (‍Table 2). Overall, 35% had 
no intense indicators, 42% had 
1, and 23% had ≥2. Twenty-two 
percent received a medically-intense 
intervention, 4% cancer-directed 
therapy, and 0.5% a technology-
dependent intervention. Hospital 
death, receipt of a medically-intense 
intervention, and ≥2 intensity 
indicators (but not chemotherapy 
receipt) showed a bimodal 
distribution with high rates in young 
patients, a slightly lower rate in 
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FIGURE 1
Study population: California residents in California between 2000 and 2011 at ages 0 to 21 who died 
of cancer (but not peripartum events or accidents). ICD-10, International Classification of Diseases, 
Tenth Revision.



school-age children, and a second 
peak in the adolescent population 
(‍Fig 2 B–E).

Factors Associated With High-
Intensity End-of-Life Care

In multivariable regression, hospital 
death, ≥2 intensity indicators, and 
medically-intense interventions 
were associated with young (<5 
years) and older age (15–21 years) 
as well as hematologic malignancies 
(‍Table 3). In particular, for patients 
<5 years old (versus patients 5–9 
years old) the odds of hospital death 
were 1.7-fold higher, the odds of 
a medically-intense intervention 
were 1.4-fold higher, and the odds 
for ≥2 intensity indicators were 
1.4-fold higher. For patients 15 to 
21 years old (versus patients 5–9 
years old), the odds of hospital death, 
medically-intense interventions, and 
>2 intensity markers were similarly 
higher. Patients with hematologic 
malignancies (versus solid tumors) 
had 3.6-fold higher odds of hospital 
death, 2.3-fold higher odds of 
medically-intense intervention, and 
2.3-fold higher odds of >2 intensity 
indicators.

Nonspecialty center admission was 
associated with increased odds of 
medically-intense interventions 
and ≥2 intensity indicators but 
decreased odds of intravenous 
chemotherapy. African American, 
Hispanic, and Asian American race 
and/or ethnicity were more likely to 
have a hospital death. Hospital death, 
≥2 intensity indicators, and receipt 
of medically-intense interventions 
were higher for patients residing 
closer to the hospital. After 2008, 
patients had higher odds of receipt 
of a medically-intense intervention 
or ≥2 intense indicators. There was 
also a significant interaction between 
age and diagnosis for hospital death, 
≥2 intensity indicators, and any 
medically-intense intervention (all 
P < .003). At each age, patients with 
hematologic malignancies had more 
intense care than those with solid 

tumors. In general, the highest-
intensity patients with hematologic 
malignancies were older, whereas 
the highest-intensity patients with 
solid tumors were younger (data not 
shown).

Discussion

Sixty-five percent of pediatric 
patients dying of cancer in California 
had at least 1 intensity indicator, 
23% ≥2, and 22% received a 
medically-intense intervention 
at end of life. These rates were 
comparable to Ontario rates for most 
indicators, with ICU admission rate 
being 20.4% in California versus 
21.7% in Ontario, and intravenous 
chemotherapy rates being 4.0% vs 
7.9% (Ontario included outpatient 
intravenous chemotherapy).‍22 
Hospital death rates differed, with 
43.4% in Ontario versus 63.4% in 
California. The drivers of hospital 
death rate variation are unknown, 
but may include different health care 
systems, availability of home health 
care, distance from the hospital, and 
cultural differences. In both studies, 
greater distance from the hospital 
was associated with decreased 
odds of hospital death,​‍22 and the 
geographic and population density 
differences between Ontario and 
California may be contributing to 
location of death.

The pediatric intensity rates exceed 
those in Medicare with cancer: 63% 
of pediatric patients had a hospital 
death versus 30% of Medicare 
patients; similarly, 20% of pediatric 
patients had ICU admission in the 
last month, compared with fewer 
than 10% of Medicare patients.‍29,​‍30 
This is unsurprising because cancer 
diagnoses, prognosis, and child death 
vary significantly more than death in 
an older adult. The 5-year survival 
rates for invasive cancer is as low 
as 40% among older adults, but 
∼80% for children <15 years old.‍31,​‍32 
Therefore, conversations and hope at 
diagnosis differ between children and 
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TABLE 1 �Demographics of the Study Population 
(Total N = 3732)

Characteristic n (%)

Death age
  <5 y 680 (18.2)
  5–9 y 708 (19.0)
  10–14 y 749 (20.1)
  15–21 y 1595 (42.7)
Insurance
  HMO 553 (14.8)
  Public or self 1971 (52.8)
  Private 1208 (32.4)
Sex
  Female 1562 (41.9)
  Male 2170 (58.2)
Race and/or ethnicity
  Non-Hispanic white 1271 (34.1)
  Hispanic 1695 (45.4)
  Asian American 350 (9.4)
  African American 258 (6.9)
  Other 158 (4.2)
Income (in zip code of 

residence with reference 
to FPL)

  Unknown 61 (1.6)
  <2 times FPL 910 (24.4)
  2–4 times FPL 2301 (61.7)
  >4 times FPL 460 (12.3)
Metropolitan statistical area
  Urban 3465 (92.9)
  Rural 267 (7.2)
Year of death
  2000–2003 1362 (36.5)
  2004–2007 1284 (34.4)
  2008–2011 1086 (29.1)
Diagnosis
  Hematologic malignancies 1542 (41.3)
  Solid tumors 2190 (58.7)
No. chronic conditions
  0 2613 (70.0)
  1 958 (25.7)
  ≥2 161 (4.3)
Hospital type (at last 

hospitalization before 
death)

  Specialty center 2912 (78.0)
  Nonspecialty center 820 (22.0)
Distance between home and 

closest hospital
  <1 mile 1578 (42.3)
  1–2.9 miles 888 (23.8)
  ≥3 miles 1266 (33.9)
Distance between home and 

closest specialty hospital
  <7.5 miles 1373 (36.8)
  7.5–19.9 miles 1118 (30.0)
  ≥20 miles 1241 (33.3)
Distance between home and 

last hospital
  <10 miles 1225 (32.82)
  10–24.9 miles 1298 (34.8)
  ≥25 miles 1209 (32.4)

FPL, federal poverty level; HMO, health maintenance 
organization.



older adults, which has implications 
for transition to noncurative therapy. 
Parents’ hope does not always reflect 
prognosis: 88% of parents who 
acknowledged their child’s condition 
was terminal still hoped for a cure, 
and 66% hoped for a long life for 
their child.33 Additionally, the life-
years lost in the death of a child with 
cancer is greater than in an adult 
with cancer, potentially influencing 
how aggressively families and 
providers try for an elusive cure.‍34 
However, there is growing evidence 
that intense end-of-life care in older 
oncology patients is associated with 
worse end-of-life and bereaved 
family member outcomes. Adult 
patients with cancer who die in the 
hospital experience lower quality of 

life, and their bereaved caregivers 
are at higher risk of psychiatric 
illness than those with home death.‍11 
Similarly, bereaved family members 
of adult patients with cancer report 
lower quality of end-of-life care when 
their family member had an ICU 
admission or hospital death.‍10 More 
research is needed to determine if 
intense end-of-life care is associated 
with lower quality of life at end-
of-life and worse bereaved family 
outcomes in the pediatric population.

Not all ages were equally likely to 
receive intense end-of-life care: there 
was bimodal distribution with  
highest intensity rates in <5-year-olds 
and in the adolescent population, 
which has not been shown 
previously. Kassam et al’s‍22 Ontario  
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FIGURE 2
Location of end-of-life care and rates of intensity of end-of-life care and by death age. A, Proportion of final hospitalizations at nonspecialty centers. B, 
Hospital death. C, Receipt of any medically intense intervention. D, 2 or more intensity indicators. E, Receipt of intravenous chemotherapy. Panel A shows 
the population proportion at each age. Panels B–E show population proportion (dotted lines) and 95% confidence intervals at each age (solid lines).

TABLE 2 �Rates of Each End-of-Life Intensity 
Indicator (N = 3732)

Intensity Indicator n (%)

Hospital death 2367 (63.4)
Medically intense intervention 812 (21.8)
  ICU admission 763 (20.4)
  Intubation and/or mechanical 

ventilation
742 (19.9)

  CPR 202 (5.4)
  Hemodialysis 118 (3.2)
Cancer-directed therapy
  Inpatient intravenous 

chemotherapy
148 (4.0)

Technology-dependent 
intervention

18 (0.5)

  Tracheostomy placed 9 (0.24)
  Gastrostomy tube placed 12 (0.32)
Total no. intensity indicators
  0 1316 (35.3)
  1 1547 (41.5)
  2 140 (3.8)
  3 441 (11.8)
  ≥4 288 (7.7)



study included patients up to 18, 
and previous studies of intensity in 
adolescents and young adults (AYAs) 
did not include younger children, 
thus limiting age comparison.‍35,​‍36  
One AYA study revealed 15- to 
24-year-olds were more likely than 
35- to 39-year-olds to be admitted 
to the ICU,​‍35 and another found that 
being aged 15 to 21 at diagnosis was 
associated with more intense care 
and less hospice use than older age.36 
However, researchers for neither 
study examined how that compared 
with younger peers.‍35,​‍36  
AYAs have presented challenges 
to the oncology community, with 
survival improvements lagging 
behind other age groups.‍31,​‍32 This 
survival gap has been partially 
attributed to less specialty center 
access.25,​‍37,​‍38 We have shown 
that at end-of-life, AYAs also have 

higher rates of hospitalization at 
nonspecialty centers than younger 
children. Palliative care involvement 
was recently found to be associated 
with lower rates of intense end-
of-life care in AYA (ages 15–26) 
oncology patients and lower rates 
of hospital death.‍39 Early palliative 
care has also been found to increase 
life expectancy in adult non–small 
cell lung carcinoma.‍40 Therefore, 
for some conditions, early palliative 
care may both decrease intensity 
of end-of-life care and increase 
life expectancy, highlighting the 
importance of palliative care 
involvement. Despite extensive 
growth in palliative care programs, 
there is large regional and hospital 
variation: in 2009, 85% of hospitals 
with >300 beds had a palliative care 
program compared with 22% of 
hospitals with <50 beds.41 How this 

coverage correlates with end-of-life 
care of adolescents with cancer is 
unknown.

Disparities in indicators of  
intense end-of-life care related to 
insurance coverage and race and/
or ethnicity were found. Insurance 
other than health maintenance 
organization insurance was 
associated with more hospital 
deaths, which may explain why 
California has higher hospital 
death rates than Canada, where a 
comprehensive, health maintenance 
organization–like universal system 
exists. Additionally, African 
Americans, Hispanics, and Asian 
Americans had higher rates of 
hospital death. In a previous AYA 
study, Asian Americans had higher 
rates of ICU admission,​‍35 and 
minority race and/or ethnicity  
has been associated with care  
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TABLE 3 �Adjusted Odds of Receiving Intense End-of-Life Care

Category (Reference) Hospital Death Medically Intense ≥2 Intensity Indicators Inpatient Intravenous 
Chemotherapy

OR (95% CI) P OR (95% CI) P OR (95% CI) P OR (95% CI) P

Death age (5–9 y)
  <5 y 1.72 (1.36–2.17) <.0001 1.42 (1.08–1.86) .01 1.37 (1.05–1.78) .02 1.03 (0.61–1.74) .92
  10–14 y 1.03 (0.82–1.29) .80 1.05 (0.80–1.39) .71 1.07 (0.82–1.39) .63 0.95 (0.56–1.59) .83
  15–21 y 1.42 (1.16–1.73) .0006 1.40 (1.11–1.77) .01 1.29 (1.02–1.62) .03 0.85 (0.54–1.36) .51
Insurance (HMO)
  Private insurance 1.47 (1.17–1.83) .0008 1.09 (0.84–1.42) .52 1.08 (0.84–1.40) .53 1.09 (0.65–1.80) .95
  Public or self 1.49 (1.20–1.84) .0003 1.17 (0.91–1.50) .22 1.07 (0.84–1.36) .58 0.79 (0.48–1.30) .22
Sex (Male)
  Female 1.22 (1.06–1.42) .01 0.98 (0.83–1.16) .84 1.00 (0.85–1.17) .95 1.02 (0.72–1.43) .93
Race and/or ethnicity (non-

Hispanic white)
  African American 1.43 (1.05–1.94) .02 1.29 (0.92–1.81) .13 1.22 (0.88–1.70) .23 0.82 (0.38–1.78) .61
  Hispanic 1.43 (1.20–1.70) <.0001 1.23 (1.00–1.50) .05 1.158 (0.97–1.44) .09 0.99 (0.66–1.49) .95
  Asian American 1.32 (1.01–1.72) .04 1.07 (0.79–1.45) .67 0.95 (0.70–1.29) .74 1.00 (0.54–1.85) .99
  Other 1.27 (0.88–1.85) .20 1.18 (0.78–1.80) .43 1.05 (0.69–1.59) .83 0.81 (0.32–2.09) .66
Year of death (2000–2003)
  2004–2007 1.03 (0.87–1.22) .76 1.13 (0.93–1.38) .21 1.09 (0.90–1.31) .40 1.01 (0.68–1.50) .97
  2008–2011 1.15 (0.96–1.38) .13 1.33 (1.09–1.63) .01 1.29 (1.06–1.57) .01 1.08 (0.71–1.64) .72
Diagnosis (solid tumors)
  Hematologic malignancies 3.56 (3.04–4.17) <.0001 2.31 (1.96–2.68) <.0001 2.25 (1.92–2.65) <.0001 2.21 (1.56–3.12) <.0001
No. chronic conditions (0 

conditions)
  1 chronic condition 1.27 (1.07–1.51) .01 0.89 (0.74–1.08) .24 0.92 (0.76–1.10) .35 0.85 (0.57–1.25) .40
  ≥2 0.99 (0.69–1.42) .95 0.84 (0.56–1.26) .40 0.83 (0.56–1.24) .37 0.51 (0.18–1.43) .20
Last hospital (specialty center)
  Nonspecialty center 0.91 (0.75–1.09) .29 1.34 (1.09–1.65) .01 1.29 (1.05–1.57) .01 0.56 (0.34–0.94) .03
Distance last hospital to home 

(<10 miles)
  10–24.9 miles 0.89 (0.73–1.05) .14 0.81 (0.66–0.99) .04 0.79 (0.65–0.96) .02 0.79 (0.52–1.22) .29
  ≥25 miles 0.64 (0.53–0.78) <.0001 0.88 (0.71–1.08) .21 0.86 (0.70–1.05) .13 0.88 (0.58–1.35) .56

Also in the model, but nonsignificant: zip code–level income. CI, confidence interval; HMO, health maintenance organization; OR, odds ratio.



intensity in older adult  
studies.‍29,​‍30,​‍42,​43 However, Kassam 
et al‍22 (the Ontario study) did not 
examine race and/or ethnicity. 
Higher intensity of end-of-life 
care in patients with hematologic 
malignancies have been seen in 
pediatric,​‍22 AYA,​‍35,​‍36 and older 
adult studies.29 More work needs 
to explore if these disparities are 
consistent with patients’ and 
families’ preferences or driven by 
timing of end-of-life conversations, 
hospice and palliative care 
availability, or other factors.

In this study, we establish rates of 
and disparities in intensity of end-
of-life care in pediatric patients 
dying of cancer in the United States. 
There is evidence that early end-
of-life conversations and palliative 
care involvement leads to less 
intense end-of-life care.‍39,​‍44,​‍45 These 
findings support the AAP statement 
calling for a palliative approach to 
patients with terminal conditions.‍12 
However, pediatric palliative care 
is a relatively new specialty with 
recent growth, yet significant 
variation in access persists.2 In 
this work, we examined 1 group of 
pediatric patients: children with 
terminal cancer. The AAP call for 
a palliative approach to patients 
with life-threatening illnesses‍12 
applies to the ∼20 000 children who 
die annually of all disease-related 
causes.‍11 In this study, we establish 
a methodology for studying intensity 
rates in children dying of disease-
related causes. Universal versus 
disease-specific disparities may 
help establish if disparities are goal 
concurrent or due to health care 
system factors. In particular, we 
need to explore how palliative care 
access correlates with intensity of 
end-of-life care.

This study has limitations to 
thoughtfully consider. The 
population-based study is 
limited to California patients, but 
because >10% of the United States 
population resides in California 

and California is diverse, it has 
important implications.‍46 Our 
study was restricted to patients in 
the linked death certificate patient 
discharge database. However, the 
state’s record linkage is conducted 
with full access to patients’ 
information. Additionally, the rates, 
diagnoses, and age distribution 
are comparable to Kassam et al’s‍22 
Ontario study, giving face validity 
to populations and rates. At the 
time of analysis, the state had only 
linked 2000 to 2011, so the results 
do not reflect the most recent 
changes in policy and treatment. 
The database does not include 
billing data, so surrogate ICD-9 
codes for ICU admission were used. 
Not all ICU admissions will include 
mechanical ventilation, central 
venous pressure monitoring, or 
arterial catheterization; therefore, 
we are probably underestimating 
ICU admission rates. However, our 
ICU admission rates were similar to 
Kassam et al’s‍22 rates, which did not 
rely on surrogate ICU markers. Many 
studies of end-of-life intensity are 
restricted to patients with known 
terminal conditions (like relapse) to 
exclude patients who may have died 
of treatment-related mortality. Some 
cases of treatment-related mortality 
are acute and recovery is expected 
(provided the patient survives the 
acute episode), so intense care 
may be appropriate rather than 
potentially causing prolonged 
suffering at the end of life. We do 
not have such data granularity in 
OSHPD, but there are 3 reasons that 
highlight the value of this study 
despite this limitation. First, Kassam 
et al‍22 evaluated treatment-related 
mortality in sensitivity analysis 
and had similar findings with or 
without it. Second, patients with 
leukemia will have some of the 
highest treatment-related mortality 
rates because of chemotherapy 
intensity. However, meta-analysis 
revealed that only 22% of deaths 
in pediatric patients with acute 
lymphoblastic leukemia were due 

to nonrelapse mortality.47 Third, 
the National Quality Forum has 
endorsed many intensity indicators 
for oncology deaths regardless of 
cause of death.‍15 Other intensity 
indicators (hospice and emergency 
department use in the last month), 
are not available in the OSHPD 
database. However, we focused on 
inpatient intensity in this study, 
which may have different drivers 
than outpatient intensity.

Conclusions

This is the first study in which 
intensity of end-of-life care in 
pediatric patients dying of cancer 
in the United States has been 
evaluated, and it has been revealed 
that the majority received a 
medically intense intervention. 
Additionally, there were disparities 
related to age, diagnosis, and 
race and/or ethnicity. It remains 
unknown if these rates and 
disparities are consistent with 
patient and/or family wishes or 
result from factors like palliative 
care access. In this study, we lay the 
groundwork for studies of pediatric 
end-of-life care outside of oncology. 
Understanding how rates differ 
between diagnoses may determine 
which disparities are due to patient 
preference versus the health care 
system and which groups may need 
targeted intervention to ensure they 
receive the care they desire and 
deserve.
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