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Abstract
Background: Nearly 90% children with cancer reside in low- and middle-income 
countries, which face multiple challenges delivering high-quality pediatric onco-
critical care (POCC). We recently identified POCC quality and capacity indicators 
for PROACTIVE (PediatRic Oncology cApaCity assessment Tool for IntensiVe 
carE), a tool that evaluates strengths and limitations in POCC services. This study 
describes pilot testing of PROACTIVE, development of center-specific reports, 
and identification of common POCC challenges.
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1   |   INTRODUCTION

Globally, an estimated 400,000 new cases of childhood 
cancer are diagnosed annually with nearly 90% occur-
ring in low- and middle-income countries (LMICs).1–3 
Hospitalized pediatric cancer patients are at high risk 
for clinical deterioration with approximately 40% re-
quiring admission to the pediatric intensive care unit 
(PICU) at least once during cancer-directed therapy.4–6 
Moreover, mortality for these patients is around 28% 
in high-income countries4 and significantly higher 
in LMICs due to multiple challenges delivering high-
quality pediatric onco-critical care (POCC)7–10 or the 
ability to identify, monitor, or treat pediatric oncology 
patients who develop critical illness independent of 
their physical hospital location or the presence of a 
PICU.

Reducing disparities in pediatric cancer outcomes 
is a global imperative. Recently, the World Health 
Organization (WHO) established the Global Initiative for 
Childhood Cancer with the goal to achieve at least 60% 
survival for all children with cancer by 2030.11,12 This 

initiative has led to an increase interest to identify areas of 
opportunity to improve pediatric oncology services.

The use of capacity and quality metrics to evaluate and 
benchmark systems has been integrated into healthcare 
programs since the 1990s.13 Since then, multiple studies 
have demonstrated that improving processes of care, ICU 
structure, and using quality improvement methodologies 
improve patient outcomes and reduce costs.14 While ca-
pacity and quality indicators aid healthcare teams to iden-
tify weakness and map quality of care, benchmarking is 
an effective method to measure and analyze internal and 
external performances against other providers and insti-
tutions, enabling improvement efforts in healthcare de-
livery.15,16 However, few tools exist to measure healthcare 
performance in LMICs and a lack of indicators to measure 
capacity and quality of care in POCC.

Recently, our team used an expert consensus process 
to identify POCC capacity and quality indicators to create 
PROACTIVE (PediatRic Oncology cApaCity assessment 
Tool for IntensiVe carE)17; a tool to evaluate POCC ser-
vices in resource-limited hospitals, defined as hospital 
with a broad range of self-identified resource limitations 

Methods: The original 119 consensus-derived PROACTIVE indicators were con-
verted into 182 questions divided between 2 electronic surveys for intensivists 
and oncologists managing critically ill pediatric cancer patients. Alpha-testing 
was conducted to confirm face-validity with four pediatric intensivists. Eleven 
centers representing diverse geographic regions, income levels, and POCC ser-
vices conducted beta-testing to evaluate usability, feasibility, and applicability of 
PROACTIVE. Centers' responses were scored and indicators with mean scores 
≤75% in availability/performance were classified as common POCC challenges.
Results: Alpha-testing ensured face-validity and beta-testing demonstrated 
feasibility and usability of PROACTIVE (October 2020–June 2021). Twenty-
two surveys (response rate 99.4%) were used to develop center-specific reports. 
Adjustments to PROACTIVE were made based on focus group feedback and sur-
veys, resulting in 200 questions. Aggregated data across centers identified com-
mon POCC challenges: (1) lack of pediatric intensivists, (2) absence of abstinence 
and withdrawal symptoms monitoring, (3) shortage of supportive care resources, 
and (4) limited POCC training for physicians and nurses.
Conclusions: PROACTIVE is a feasible and contextually appropriate tool to 
help clinicians and organizations identify challenges in POCC services across a 
wide range of resource-levels. Widespread use of PROACTIVE can help prioritize 
and develop tailored interventions to strengthen POCC services and outcomes 
globally.
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including personnel, medications, equipment, and mate-
rial supplies18 needed to treat children with cancer.

The objectives of this study were: (1) Operationalize 
PROACTIVE via an electronic tool using identified POCC 
indicators and pilot test across a range of hospitals pro-
viding pediatric hematology-oncology (PHO) care to as-
sess its usability, feasibility, and applicability; (2) develop 
a scored-based report to summarize PROACTIVE results 
to help centers prioritize among improvement opportuni-
ties; and (3) identify an initial set of common challenges 
and improvement opportunities for the delivery and pro-
vision of POCC services globally.

2   |   METHODS

This study was approved by the St. Jude Children's 
Research Hospital Institution Review Board as an exempt 
quality improvement project. Development and pilot test-
ing of PROACTIVE was performed in stages as shown in 
Figure 1 and described below:

2.1  |  Stage 
1—Operationalization of Indicators

The original 119 PROACTIVE indicators previously devel-
oped through expert consensus17 and 17 oncology indica-
tors from PrOFILE (Pediatric Oncology Facility Integrated 
Local Evaluation tool)19 were categorized within a frame-
work of 8 domains and 22 subdomains (eTable S1).

These indicators were converted into questions; for 
example, the indicator “trained nursing staff in pediatric 
critical care” in the Core Team subdomain was operation-
alized as: “Is nursing staff formally trained in pediatric 
critical care part of the primary medical team responsible 

for the care of critically ill PHO patients?”. Composite in-
dicators were divided into individual components; for ex-
ample, “access to blood products” was split into platelets 
and packed red blood cells.

Questions were iteratively adjusted for syntax and con-
tent validity and were divided into two English-language 
surveys. The PICU Survey contained questions assessing 
POCC services in hospital areas designated for the care of 
critically ill PHO patients and was answered by a pediatric 
intensivist or a physician managing critically ill patients. 
The Oncology Survey contained items assessing capac-
ity and quality of care provided to PHO patients on the 
wards and was answered by a pediatric oncologist. Both 
electronic surveys were administered using the Research 
Electronic Data Capture (REDCap) software.20

Survey response choices included dichotomous, nu-
merical, and a five-point Likert scale. To reduce am-
biguity in the Likert-scale responses, answers were 
assigned equally distanced percentages between choices 
(eTable S2). Furthermore, all answers were assigned a nu-
merical score from 0 to 5, where 5 indicated performance 
and/or availability of an item 100% of the time and 0 indi-
cated poor performance and/or absence of an item, allow-
ing for quantitative data analysis and comparison among 
centers.

2.2  |  Stage 2—Alpha-testing

To explore face-validity, PROACTIVE was alpha-tested 
(Fall 2020) by four pediatric intensivists with exten-
sive experience in POCC from three different hospitals 
in the United States and Mexico. Participants were se-
lected from the panel of experts who contributed to the 
initial PROACTIVE study17 and evaluated the consen-
sus derived onco-critical care components of the survey. 

F I G U R E  1   Stages in the development and pilot testing of PROACTIVE. The diagram details the process in the development and 
validation of the PROACTIVE tool in 7 stages: 1) Operationalization of Indicators, 2) Alpha-testing, 3) Beta-testing, 4) Data Analysis, 5) 
Development of PROACTIVE reports, 6) Identification of Common POCC challenges, and 7) Revised PROACTIVE tool.

Stage 1
Stage 2

Stage 3

Method: Conversion of 
indicators to questions with 
specific answers and scores.

Aim: To develop a preliminary 
English language survey and 
evaluation of content validity.

Operationalization
Method: Administration of the 
tool to 4 experts in POCC.

Aim: To explore face-validity 
and make adjustment to the 
tool to improve content, 
format and language fluency.

Alpha-Testing
Method: Administration of the 
tool across 11 centers with a 
wide range of POCC services.

Aim: To evaluate feasibility, 
usability and applicability of 
PROACTIVE.

Beta-Testing

Summer 2020 Fall 2020 Winter-Spring 2021 Summer 2021 Fall 2021

Stage 4, 5 & 6
Stage 7

Method: Analysis of scores from 
pilot centers and development 
of scored-based English-
language reports.

Aim: To identify center-specific 
and common POCC challenges.

Data Analysis, Reports, 
Common challenges Method: Analysis of qualitative 

feedback from pilot centers and 
site leaders.

Aim: To improve usability and 
clarity of  the tool, and its 
educational and complementary 
materials.

Revised PROACTIVE
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Alpha-testers evaluated the content, format, and lan-
guage of the tool, ensured answers choices had appro-
priate scores, questions reflected the original indicators, 
and were correctly assigned to the PICU and Oncology 
surveys.

2.3  |  Stage 3—Beta-testing

Beta-testing occurred between January and June 2021 
with 11-centers across 11-countries. Testing sites were 
selected from hospitals managing a high volume of PHO 
patients and collaborating with St. Jude Global.21 Sites 
were chosen to represent diverse geographic regions, 
country economic levels based on the World Bank clas-
sification (2021 fiscal year),22 POCC services, and hospi-
tal organizations ranging from general hospitals with no 
PICUs to specialized pediatric cancer centers (Table  1 
and eFigure  S1). In addition, these centers managed a 
high volume of pediatric oncology patients defined as 
>20% of all hospitalizations due to cancer-related rea-
sons or being a pediatric cancer referral center for their 
region. PROACTIVE was delivered in three phases 
(preparation, assessment, and interpretation/action), 
each lasting 4–12 weeks (eFigure S2). This was carried 
out through virtual educational prerecorded lectures 
and monthly live mentoring sessions focusing on the 
steps for each phase. Systematic feedback was requested 
from participating teams to improve PROACTIVE and 
supportive materials (see below).

During the preparation phase, each beta-testing site 
identified a team leader responsible for recruiting ad-
ditional collaborators (site core team) and verifying col-
lected data. The site core teams consisted of physicians 
and nurses who routinely care for critically ill PHO pa-
tients and could answer questions about their unit struc-
ture and resources.

During the assessment phase, each core team collected 
the following data:

•	 Quantitative data: Included survey questions collect-
ing objective data regarding the center's structure, 
processes, and outcomes (e.g., PHO admissions), and 
subjective data on providers' perceptions about the 
quality of services offered to critically ill PHO patients 
(e.g., rating their service capacity).

•	 Qualitative data: Obtained from team leaders who 
completed 2 English-language electronic surveys via 
Qualtrics Research Core23 to provide feedback on content 
and clarity of PROACTIVE questions, usability of online 
platform (REDCap), training process, and supportive 
materials (eTable S3). Leaders also participated in three 

focus group meetings conducted in English via WebEx, 
a secure online meeting platform, to discuss challenges 
in completing each phase of PROACTIVE. This helped 
identify confusing or difficult questions to improve clarity 
and assess appropriateness of response options.

During the interpretation and action phase, 
PROACTIVE reports were provided to each pilot center 
summarizing collected data. See Stage 5 for PROACTIVE 
report development.

T A B L E  1   Characteristics of hospitals participating in 
PROACTIVE Beta-Testing (n = 11)

Characteristic No. of centers (%)

World bank regions

•	 East Asia and Pacific 1 (9.1%)

•	 Europe and Central Asia 1 (9.1%)

•	 Latin America and the Caribbean 3 (27.2%)

•	 Middle East and North Africa 2 (18.2%)

•	 North America 1 (9.1%)

•	 South Asia 2 (18.2%)

•	 Sub-Saharan Africa 1 (9.1%)

Income levela

•	 High-income countries 1 (9%)

•	 Upper-Middle income countries 7 (64%)

•	 Low-Middle income countries 2 (18%)

•	 Low-income countries 1 (9%)

Type of hospital

•	 Pediatric Cancer Hospital 2 (18%)

•	 Adult + Pediatric Cancer Center 4 (37%)

•	 Children's Hospital 2 (18%)

•	 General Adult + Pediatric Hospital 3 (27%)

ICUs

•	 PICU alone 3 (27%)

•	 PICU + IMCU/HDU 6 (55%)

•	 IMCU/ HDU alone 1 (9%)

•	 No ICU/IMCU/HDU 1 (9%)

Bone marrow transplant

•	 Transplant Unit 6 (55%)

•	 No Transplant Unit 5 (45%)

Staffing

•	 Pediatric Intensivists 8 (73%)

•	 Trained pediatric critical care nurses 7 (64%)

Abbreviations: HDU, high-dependency unit; IMCU, intermediate care unit; 
PICU, pediatric intensive care unit.
aBased on the World Bank classification (2021 fiscal year)22: we classified as 
HIC those with a gross national income per capital (GNI) of ≥ US$12,695, as 
UMIC those with a GNI of US$4096-US$12,695, as LMIC those with a gross 
national income per capita (GNI) of US$1046–4095, and as LIC those with a 
GNI ≤ US$1046.
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2.4  |  Stage 4—Data analysis

Questions were scored based on responses from 0 to 
5. Missing or unknown data were assigned a score of 
zero to identify areas requiring improvement and en-
courage better record keeping.16 Additionally, some 
questions considered inadequate to assess POCC ser-
vices by themselves were still included as balancing 
measures,16 but were not scored or included in the ag-
gregate data.

Individual meetings with each core team were per-
formed by two authors (AVA, FS) to check data consis-
tency and discuss outliers and reasons for disagreement 
among the 37 questions included in both surveys. This 
helped identify proper assignment of overlapping ques-
tions and corroborate scores used for data analysis. An 
additive aggregation technique was used to provide a 
total score to each domain and subdomain, and their final 
percentage score was calculated using the total points in 
each domain and subdomain divided by the maximum 
achievable points. Data were then used to develop the 
PROACTIVE report.

The qualitative data collected from team leaders 
via electronic surveys and WebEx meetings were ana-
lyzed by two authors (AVA, FS) and used to adjust the 
PROACTIVE tool and online educational and support-
ive materials.

2.5  |  Stage 5—PROACTIVE center reports

After data collection, each center received a PROACTIVE 
report. These reports were developed and structured 
based on PrOFILE24,25 and the Clinical Sustainability 
Assessment Tool (CSAT)26 reports to help hospitals in-
terpret their PROACTIVE results and prioritize among 
multiple improvement opportunities. To confirm accu-
racy, the team leaders reviewed their report graphs and 
domain/subdomain scores for major inconsistencies or 
unexpected results. The team leaders also participated in 
two focus group meetings to provide feedback on the re-
port's clarity, user-friendliness, and format.

2.6  |  Stage 6—Common Challenges 
in POCC

Aggregated data for the 11 beta-testing sites were used to 
identify common challenges in POCC defined as any indi-
cator obtaining a mean score ≤75% in availability and/or 
performance across all centers.

2.7  |  Stage 7—Revised PROACTIVE tool

Improvements to PROACTIVE were made based on 
the qualitative data collected by two authors (AVA, FS) 
and feedback gathered from the core teams and leaders. 
Changes were made to the tool to improve its usability and 
clarity, including improvement of wording, concepts, and 
definitions.

3   |   RESULTS

3.1  |  Stages 1 and 2 (Operationalization 
and Alpha-testing)

The original 119 capacity and quality indicators were op-
erationalized into 159 questions; 17 oncology questions 
from PrOFILE (eTable S4) were also included, resulting 
in 176 questions used in alpha-testing (Figure 2). Based on 
alpha-testing recommendations, revisions to PROACTIVE 
included reduction of one semantically equivalent ques-
tion and further dividing composite indicators into seven 
new items. Several questions were rephrased for clarity. 
Additionally, alpha-testers examined the distribution of 
questions between the 2 surveys (PICU and Oncology); 37 
items received conflicting recommendations and were in-
cluded in both surveys for evaluation during beta-testing. 
This process resulted in a pilot PROACTIVE tool contain-
ing 182 questions divided between 2 surveys, 164 questions 
in the PICU survey, and 55 questions in the Oncology sur-
vey (eTable S5). Surveys were also standardized in format, 
instructions, and answer choices.

3.2  |  Stage 3 (Beta-Testing)

All beta-testing sites allocated at least 2 h per week to 
the process of data collection and discussion of answers. 
The PROACTIVE tool took approximately 12 h over 4 to 
6 weeks to complete (average of 4.2 weeks), with site lead-
ers reporting this time to be adequate for data collection.

Core teams varied in size (2–6 members) and a 
total of 38 multidisciplinary healthcare providers par-
ticipated in data collection. Twenty-two healthcare 
providers (2 per center) representing the PICU and 
oncology team (See eTable  S6 for respondents' demo-
graphics) were responsible for entering collected data 
into REDCap. Centers reported an age limit for pediat-
ric services ranging from 16 to 19 years old and a me-
dian of 1200 PHO hospital admissions (range 80–7041) 
in the prior 12 months.
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3.3  |  Stage 4 (Data Analysis)

Completion rate for both surveys was 99.4%; a total of 22 
surveys were submitted with minimal missing data; only 
13 items were left unanswered due to inability to retrieve 
data for these questions by some centers. Missing data 
were mostly found in the National context and Outcomes 

domains due to limited physician knowledge about na-
tional policies and lack of institutional registries collect-
ing patient outcomes.

Discordance in the answers for the 37 overlapping 
questions between the PICU and Oncology surveys var-
ied by beta-testing site and ranged from 0 to 11 ques-
tions (0% to 29.7%). These were then reviewed with each 
center to clarify problems with the question items and 
identify their proper assignment to either the PICU or 
oncology survey.

The qualitative feedback data were synthesized 
through iterative review and suggestions were used to 
guide revisions to the PROACTIVE tool and supportive 
materials (See stage 7, revised PROACTIVE tool).

3.4  |  Stage 5 (Report development)

Center-specific PROACTIVE reports provided a score-
based and descriptive analysis of results across all do-
mains and subdomains. Based on recommendations, 
adjustments to improve visualization of the reports in-
cluded a combined total score in bar-graph format for 
each domain and subdomain including results from 
both surveys, and a separate area highlighting the top 
5 highest- and lowest-scored subdomains for easier in-
terpretation of strengths and weaknesses (eFigure S3). 
Team leaders described the final PROACTIVE report as 
useful to visualize data and identify areas of opportu-
nity for improvement in POCC services in their centers. 
In addition, the PROACTIVE report was used by some 
centers to advocate for additional resources to improve 
their intensive care and POCC capacity. One team used 
their PROACTIVE report to request echocardiography 
24 hours per day, 7 days a week, resulting in the for-
mation of a 24-hour on-call echocardiography group. 
Another team used their report to advocate for nurs-
ing education resulting in the development of a POCC 
workshop for nurses. A third center used their report to 
justify starting a blood bank program to address short-
ages in blood products.

3.5  |  Stage 6 (Common Challenges)

The most common POCC challenges or the indicators 
with the lowest mean scores in availability and/or perfor-
mance across the 11 centers (Table 2) included: (1) lack of 
pediatric intensivist resulting in inability to provide cover-
age 24 hours per day, 7 days a week, (2) absence of absti-
nence and withdrawal symptoms monitoring, (3) shortage 
of supportive care resources such as blood products in less 
than 1 hour and (4) access to intracranial pressure (ICP) 

F I G U R E  2   Number of questions per stage. An initial set of 
119 consensus-derived quality and capacity POCC indicators17 
were operationalized into 159 questions; these questions plus 
17 oncology questions19 were subjected to alpha-testing (176 
questions). A total of 182 questions were then included for beta-
testing (164 PICU and 55 oncology questions, with 37 questions 
included in both surveys), resulting in a final PROACTIVE tool 
containing 200 questions (148 PICU and 52 oncology questions) to 
assess POCC services.
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monitoring devices, and (5) lack of training programs for 
physicians and nurses in critical care.

Additionally, aggregated PROACTIVE data compar-
ing centers across domains revealed variability in POCC 
services in different resource settings. In general, cen-
ters with no designated PICU areas (2/11 centers) scored 
lower in most domains regardless of their country-income 
level, with both centers having the lowest scores in the 
Supportive Services and Medication/Equipment domains 
(Figure  3). Across all centers, the National Context do-
main obtained the lowest mean score (58%), and the 
Facility/Local Context and Medication/Equipment do-
mains had the highest scores, both with a mean score of 
84% (Figure 3).

3.6  |  Stage 7 (Revised PROACTIVE tool)

Based on feedback, 25 questions were added to subdo-
mains considered too narrow to capture all aspects of 
composite indicators, including question to further assess 
training, palliative care services, protocols, outcomes, and 
impact of COVID-19 pandemic on staffing (eTable  S7). 
Seven questions were removed, three were not part of 
the original PROACTIVE indicators17 and were deemed 
irrelevant. The remaining four questions were merged 
with other similar questions. Thirty-four questions were 
rephrased to improve clarity.

Additionally, 37 questions initially assigned to both sur-
veys were split between the PICU and Oncology surveys. 

T A B L E  2   Common challenges in POCC services identified by the PROACTIVE assessment

Domains Indicators Availability/Performance (%/N)

<75%a <50%b

National context Natl. pediatric critical care nursing training programs 45% (5/11)

Natl. public funded healthcare program covering most 
cost

36% (4/11)

Facility & local context Presence of a pediatric critical care fellowship program 45% (5/11)

Personnel A pediatric intensivist part of the core team 73% (8/11)

A PHO physician part of core team 73% (8/11)

Trained pediatric critical care nurses part of the core 
team

64% (7/11)

Availability of pediatric neurosurgeon consultants 36% (4/11)

In-House pediatric intensivists 24 h/7 days a week 27% (3/11)

Service capacity Transfer of deteriorating patients to the PICU in <4 h 73% (8/11)

Transfer of deteriorating patients to the PICU in <1 h 45% (5/11)

Availability of shoe covers 45% (5/11)

Service integration Daily multidisciplinary rounds led by a pediatric 
intensivist

73% (8/11)

Tracking of unplanned extubations 55% (6/11)

System to monitor sedation and/or delirium 55% (6/11)

System to monitor abstinence and withdrawal 27% (3/11)

Supportive services Inadequate nursing staff almost never affecting patient 
care

73% (8/11)

System to monitor, prevent, and address medication 
shortage

45% (5/11)

Availability of ultrasound studies within 24 h 36% (4/11)

Availability of emergency blood products in <1 h 27% (3/11)

Meds & equipment Renal replacement therapy 55% (6/11)

Availability of ICP monitors 27% (3/11)

Outcomes A patient data registry for PHO/BMT patients 73% (8/11)

Collaboration to compare or benchmark outcomes 64% (7/11)

Abbreviations: BMT, bone marrow transplant; ICP, intracranial pressure; IMCU, intermediate medical care unit; IV, intravenous; PHO, pediatric hematology-
oncology patient; PICU, pediatric intensive care unit.
aIn green: PROACTIVE indicators obtaining a mean score <75% in availability and/or performance across all centers.
bIn yellow: PROACTIVE indicators obtaining a mean score <50% in availability and/or performance across all centers.
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This resulted in a final set of 200 questions among 8 do-
mains and 22 subdomains divided into 2 surveys with 148 
questions assigned to the PICU and 52 questions to the 
Oncology survey (eTable  S8). The Likert scale was also 
adjusted to a seven-point scale based on feedback and 
literature findings indicating that a seven-point scale is 
more reliable and useful for scales without a strong floor/
ceiling effect,27 and more appropriate for electronically-
distributed unsupervised surveys.28 Furthermore, the on-
line educational and supportive materials were adjusted 
to improve content, wording, layout, and length of the 
presentations for each PROACTIVE phase to better sup-
port future cohorts.

4   |   DISCUSSION

Lack of indicators or pragmatic assessment tools pre-
vent hospitals from evaluating and benchmarking their 
POCC services, which limit their ability to systemati-
cally improve delivered care. PROACTIVE is the first 
diagnostic tool to assess capacity and quality of care in 
POCC services among hospitals with variable resources. 
Alpha-testing ensured face-validity, and beta-testing 
confirmed usability, feasibility, and global applicabil-
ity of the tool. Beta-testing was also used to generate 
center-specific reports to summarize PROACTIVE re-
sults and help centers prioritize improvement oppor-
tunities, advocate for resources, and improve POCC 
services. Common POCC challenges identified by the 
PROACTIVE pilot allows for some preliminary recom-
mendations to improve care of critically ill PHO patients 
globally.

Prior studies have shown that patients living in re-
gions with more healthcare resources do not always 
receive higher quality care or have better clinical out-
comes than those living in resource-limited regions.29–31 
Beta-testing PROACTIVE sites described limited access 
to multiple supplies needed for POCC (e.g., ICP moni-
toring devices), however, whether greater availability of 
these resources would result in better patient outcomes 
remains uncertain. PROACTIVE, like other essential 
medication or equipment lists,32,33 can be used by centers 
to prioritize among multiple competing supplies and ma-
terials requests. Anecdotally, some centers in our study 
successfully used the PROACTIVE report to advocate for 

additional resources to their institutions to improve local 
POCC capacity.

Similarly, although only two participating centers in 
our study had no formal PICUs, these centers reported the 
most difficulty providing high-quality POCC. Despite ev-
idence supporting that having a dedicated PICU reduces 
morbidity and mortality,34,35 optimizes staffing efficiency, 
and facilitates development of expertise among physicians 
and nurses,36 PICUs are not universally available. Even if 
available, PICUs often face limited bed capacity or staff 
availability, and their presence does not guarantee access 
for critically ill patients deemed high risk of mortality, or 
the consistent delivery of high-quality POCC. More data 
are needed on how availability of PICU resources influ-
ences quality of care and clinical outcomes for POCC 
patients.

Notably, the PROACTIVE pilot occurred during the 
COVID-19 pandemic, with many sites reporting in-
creased strain in available resources. An important 
challenge reported by beta-testing sites was the lack of 
consistent access to blood products, a finding also re-
ported in many LMICs due to a decrease in donors.37 
Furthermore, access to life-saving interventions and 
critical care services have been disproportionally af-
fected in LMICs resulting in poor survival.37 The true 
magnitude of the impact the pandemic on the care of 
critically ill pediatric cancer patients is likely more 
broad and requires further study.

Like other studies, we found that there is a global 
need for more pediatric critical care and POCC training 
for physicians and nurses.36,38–40 Several programs are 
addressing this imperative, including the St. Jude Global 
Academy in POCC,41 the St. Jude annual POCC sympo-
sium,42 and the virtual simulation on critical care com-
plications of SCT/cellular therapies by MD Anderson 
Cancer Center.43 The online St. Jude Global Academy in 
POCC,41 for example, covers relevant topics for the mul-
tidisciplinary teams caring for critically ill PHO patients 
in resource-limited settings and describes best practices 
in POCC. Besides the St. Jude Global resources, the 
WHO Global Initiative for Childhood Cancer (GICC) 
has developed several tools and trainings to support 
capacity building in childhood cancer globally. These 
include the CureAll implementation module,44 specific 
regional courses in early cancer diagnosis,45 and train-
ing in POCC. We hope PROACTIVE can help advance 

F I G U R E  3   Aggregated data per domain. The centers' average performance per domain is represented in this figure. Centers are ranked 
by country income level, from low- (A) to high-income level (K), with 2 centers (yellow) not having a designated PICU area. Overall, centers 
with no PICUs scored inferiorly in most domains independently of their country income level. The National Context obtained the lowest 
mean score (58%) across the 11 centers, while the Facility/Local context and the Medication/Equipment domains received the highest 
scores (84%). Abbreviations: L-LMIC, Low- and Low-Middle Income Countries; UM-HIC, Upper-Middle and High-Income Countries; ICU, 
Intensive Care Unit.
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the WHO GICC mission by assessing baseline POCC 
services within hospital and highlighting urgent prior-
ities that align with country-specific and regional goals.

In addition to education, there is an urgent need to 
improve access to free scientific literature by making 
more articles open access to promote equity and allow 
clinicians in LMICs to learn from new knowledge in this 
field.46 Likewise, use of validated tools to monitoring iat-
rogenic withdrawal symptoms such as the Withdrawal 
Assessment Tool (WAT-1)47 and Sophia Observation 
withdrawal Symptoms-scale (SOS)48 were rarely used at 
our pilot-sites, a finding also reported in a recent meta-
analysis.49 To improve systematic monitoring of iatrogenic 
withdrawal symptoms in patients receiving prolonged an-
algesia and sedation, the multidisciplinary teams should 
be trained to use these tools and encouraged to study 
their impact in their settings. Available tools should also 
be translated and validated in multiple languages, as has 
been done for Pediatric Early Warning Systems (PEWS),50 
promoting more widespread global use.

This study has several limitations. Although all beta-
testing sites completed the PROACTIVE assessment, they 
faced challenges including the time required, limited ex-
perience using online platforms, variable internet access, 
and difficulties assembling a local multidisciplinary team 
due to lack of staff fluency in English. Our team supported 
sites by delivering each PROACTIVE module through a 
stepwise, mentored approach over 4 to 6 weeks and pro-
vided some centers extra time (1–2 weeks) to complete the 
assessment. We also supported electronic data entry when 
needed and provided recorded videos and written instruc-
tions, allowing centers to move at their own pace. During 
feedback sessions, participants reported the length of the 
tool as reasonable and the mentorship for data collection 
and entry helpful for timely completion. To address lan-
guage limitation and aid future centers recruit members 
from other disciplines who may not be fluent in English, 
we are planning to translate the PROACTIVE tool to mul-
tiple languages.

While the capacity and quality indicators included in the 
PROACTIVE tool were developed by a formal consensus-
process by POCC experts globally,17 their relationship to 
patient outcomes has not yet been empirically validated. 
Similarly, although a high-median importance (≥7) in both 
relevance and actionability with ≥80% evaluator agree-
ment was used as a criterion to select POCC indicators, the 
impact of these indicators on patient outcomes must be 
evaluated in future work. Additionally, we will be integrat-
ing data being collected by the St. Jude PrOFILE tool and 
SJCARES registry51 to analyze outcomes per cancer type 
and severity, and to validate components of PROACTIVE 
as they relate to patient outcomes. Importantly, 7 of the 
11 beta-testing centers reported collaborative work to 

compare outcomes for critically ill PHO patients between 
centers. This is not surprising as most of these centers ac-
tively collaborate with St. Jude Global in various initiatives 
to improve survival of pediatric cancer patients, including 
the multicenter PEWS program.52,53

Finally, common POCC challenges identified in this 
pilot included 11-centers and represent a cross-sectional 
analysis at one time-point. Pilot centers, however, man-
age high volumes of PHO patients with a median of 
1200 admissions/year, represented a diversity of country 
income-levels, and identified challenges are likely simi-
lar to other high-volume centers. Currently, our team is 
scaling-up PROACTIVE with a cohort of 19-centers, with 
future plans for annual cohorts that pair data collection to 
structured quality improvement workshops to help hospi-
tals identify and prioritize among multiple improvement 
opportunities. Hence, this work establishes PROACTIVE 
as a guided contextually appropriate institutional self-
assessment tool that can be used by centers once or every 
1–2 years to monitor their progress over time. Among the 
11 centers in this cohort, one opted to retake the assess-
ment one year later to evaluate progress following imple-
mented changes. We expect that this tool will be useful to 
all centers providing POCC care, including those in low-, 
middle-, and high-income countries.

5   |   CONCLUSION

This work outlines the development and pilot testing of 
PROACTIVE, a pragmatic and feasible diagnostic tool to 
identify challenges in POCC services globally. Pilot test-
ing of PROACTIVE demonstrated the usability, feasibil-
ity, and applicability of this tool in hospitals of varying 
resource levels and its aggregated data allowed for iden-
tification of common organizational challenges in POCC 
services. Global use of PROACTIVE in hospitals of all 
resource-levels will help centers to effectively map local 
capacity and benchmark with similar centers at the local 
and regional level. Additionally, PROACTIVE allows for 
a thorough assessment of common global POCC chal-
lenges, promoting international collaborative research 
and development of cost-effective quality improvement 
interventions to improve outcomes for children with can-
cer worldwide.
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