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Colony stimulating factors (CSF) are widely prescribed to avoid febrile neutropenia 
(FN) among cancer patients receiving chemotherapy, but studies show their use is 
often not consistent with practice guidelines. In addition, there is limited high 
quality evidence assessing benefits and harms of primary prophylactic-CSF (PP-CSF) 
in the setting of chemotherapy that poses an intermediate risk of FN. To address 
these issues, with funding from the Patient Centered Outcomes Research Institute 
(PCORI) and the National Cancer Institute’s Community Oncology Research Program, 
SWOG is sponsoring a prospective, cluster randomized controlled pragmatic trial 
of an automated order entry protocol for PP-CSF among patients with breast, lung 
and colorectal cancer receiving myelosuppressive chemotherapy, with a nested 
randomized controlled trial of PP-CSF for patients receiving intermediate risk 
chemotherapy. Primary outcomes include adherence to practice guidelines, overall 
rates of FN and rates of FN among persons receiving intermediate risk chemotherapy. 
The study, the first pragmatic trial in the National Cancer Institute’s cancer cooperative 
clinical trials network, will provide critical evidence to inform physician and patient 
decision-making around PP-CSF use and practice policies regarding automated orders 
in cancer components.
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Complications during chemotherapy are a 
major source of morbidity, mortality and 
cost for cancer patients. Among the nearly 
600,000 US patients who will be diag-
nosed with breast, colorectal or lung cancer 
in 2016  [1], nearly half will be offered che-
motherapy. Many of these therapies have a 
risk of neutropenic complications including 
febrile neutropenia (FN). Patients with FN 
are typically hospitalized, and nearly 8% of 
those hospitalized for FN die  [2]. Colony-
stimulating factors (CSFs) can be used to 
maintain the white blood cell count, and are 
commonly used to reduce the risk of FN, as 
well as its severity and duration.

Oncology practice guidelines recommend 
prophylactic administration of CSFs with 
the first chemotherapy cycle – termed pri-
mary prophylactic-CSF (PP-CSF) use – for 
chemotherapy regimens that carry a high 
risk of causing FN in patients who receive 
them (high risk is defined as >20% chance 
of developing FN). Further, the guidelines 
state to consider PP-CSF for patients receiv-
ing chemotherapy with an intermediate risk 
(10–20%) of FN and not use PP-CSF for 
patients receiving chemotherapy with low-
risk (<10%) of FN  [3,4]. Although practice 
guidelines for PP-CSF have been available 
for nearly two decades, multiple studies 
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show that between 55 and 95% of PP-CSF prescribing 
is inconsistent with them  [3–11]. These studies show 
both underuse for high-risk regimens (where PP-CSF 
is recommended) and overuse of PP-CSF for low-risk 
chemotherapy (where PP-CSF is not recommended). 
A contributor to PP-CSF prescribing variability is the 
limited high quality evidence assessing the effective-
ness of PP-CSF for patients receiving intermediate-
risk chemotherapy regimens. Pivotal trials evaluat-
ing the effectiveness of PP-CSF in reducing FN are 
more than two decades old [12,13], and few studies have 
evaluated their effectiveness among patients with solid 
tumors receiving modern chemotherapy, the majority 
of which are considered intermediate risk regimens.

To address these questions, we designed a 
pragmatic, prospective, randomized controlled trial 
to address two important unmet needs for PP-CSF 
prescribing: first, whether a guideline-informed 
standing order for administering PP-CSF could 
improve prescribing and reduce the incidence of FN 
when compared with usual care, and second, for 
patients receiving intermediate risk chemotherapy, to 
determine the impact of PP-CSF on FN. In addition 
to these primary objectives, the study has several sec-
ondary objectives focused on the impact of the inter-
vention on patient-centered outcomes; for example, 
health-related quality of life, knowledge of the ben-
efits and risks of CSF, adherence to chemotherapy, 
adverse events such as emergency department visits 
and hospitalizations, and survival.

Because CSF prescribing is influenced by patients, 
health insurance policies and practice guidelines, an 
important feature of our study was its intent to inform 
the design with key stakeholders from these communi-
ties. In this paper, we describe and discuss the design 
features of the TrACER study (A pragmatic Trial 
Assessing CSF prescribing Effectiveness and Risk), 
a prospective, cluster randomized pragmatic trial 
designed to improve PP-CSF prescribing and improve 
the evidence base supporting its effectiveness and use.

Methods 
Setting
TrACER was developed in response to the Patient 
Centered Outcomes Research Institute’s (PCORI’s) 
Large Pragmatic Trials initiative  [14]. The study is 
being conducted by SWOG through the National 
Cancer Institute (NCI) Community Oncology 
Research Program (NCORP) network  [15] in com-
ponents funded to sponsor Cancer Care Delivery 
Research (CCDR) studies. The NCORP sites include 
community hospitals and physicians funded by a 
peer-reviewed cooperative agreement to participate 
in NCI-sponsored cancer treatment, prevention and 

control trials. The NCORP component network 
includes 34 community sites, 12 minority/under-
served community sites (bases comprised of institu-
tions with a 30% or greater minority cancer patient 
population) and seven research bases. A component 
may be a single institution or a hospital with several 
satellite components, or a grouping of institutions, 
hospitals and components. Within the NCORP net-
work of 842 components and subcomponents are 
1565 NCORP investigators representing all oncology 
specialties who actively recruit patients into cancer 
prevention, treatment and control studies.

Within the NCORP network are more than 
200 components funded for CCDR. CCDR encom-
passes a multidisciplinary field of scientific investiga-
tion. It examines how social factors, financing sys-
tems, organizational structures and processes, health 
technologies, and healthcare provider and individual 
behaviors affect cancer outcomes, access to and qual-
ity of care, cancer care costs, and the health and 
well-being of cancer patients and survivors [16].

Trial objectives
This study has three intertwined primary objectives: 
to determine the impact of the PP-CSF order entry 
system on PP-CSF prescribing; overall rates of FN for 
patients receiving myelosuppressive chemotherapy 
within 6 months of registration; and the rate of FN 
among intermediate risk patients within 6 months of 
registration. In addition to a standing order PP-CSF 
intervention arm and a control (usual care) arm, the 
study also includes a cohort arm, an observational 
study of component sites with existing PP-CSF order 
entry systems, and thus ineligible for randomization. 
The objective for the cohort study is to compare pat-
terns of PP-CSF prescribing and outcomes in com-
ponent sites with existing (and variable) PP-CSF 
order entry systems to the PP-CSF order entry sys-
tem implemented in the intervention arm of the trial. 
Box 1 lists all primary and secondary objectives of the 
TrACER study.

Trial design
This trial compares the effectiveness of a guideline-
based, standing order PP-CSF intervention to usual 
care. The unit of randomization for this study is an 
NCORP CCDR component site, as described above 
where all hospitals or clinics operating as part of that 
component share the same electronic medical record 
(EMR). CCDR component sites that have not yet 
adopted a PP-CSF ordering system used for high, 
intermediate and low risk regimens are eligible for 
randomization to either the intervention or control 
(usual care) arm. The intervention consists of standing 
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Box 1. Primary and secondary study objectives of the TrACER study.

Primary objectives
•	 To compare the use of primary prophylactic-colony stimulating factor (PP-CSF) according to recommended clinical practice 

guidelines among patients registered at intervention components versus usual care components.
•	 To compare the rate of febrile neutropenia (FN) among patients registered at intervention components versus those providing 

usual care.
•	 To compare the rate of FN among intermediate risk patients registered at intervention components by component treatment 

assignment (administer PP-CSF to intermediate risk patients vs not).
Secondary objectives
•	 To compare the rate of FN among low-risk patients registered at intervention components versus those providing usual care.
•	 To compare the FN-related health-related quality of life (HRQL) among low-risk patients registered at intervention components 

versus usual care components.
•	 To compare patient adherence to PP-CSF prescribing among patients registered at intervention components versus usual care 

components.
•	 To compare patient knowledge of the indications for, efficacy of, and side effects associated with PP-CSF between the initiation 

and conclusion of the first cycle of myelosuppressive systemic therapy among patients registered at intervention components 
versus usual care components.

•	 To compare the proportion of patients completing the initial systemic therapy regimen at planned duration and at planned dose 
intensity among patients registered at intervention components versus usual care components.

•	 To compare antibiotic use both as prophylaxis and as treatment for FN among patients registered at intervention components 
versus usual care components.

•	 To compare the rate of FN-related emergency department visits and hospitalizations among intermediate risk patients registered 
to intervention components by component treatment assignment (administer PP-CSF to intermediate risk patients vs not).

•	 To compare the FN-related HRQL among intermediate risk patients registered to intervention components by component 
treatment assignment (administer PP-CSF to intermediate risk patients vs not).

•	 To compare overall survival among intermediate risk patients registered to intervention components by component treatment 
assignment (administer PP-CSF to intermediate risk patients vs not).

Additional objectives
•	 To characterize and descriptively report the differences among cohort components and the intervention and usual care 

components, according to the end points outlined in Section 10.0.
•	 To evaluate the time to invasive recurrence in nonmetastatic patients by component treatment assignment.

orders for administering PP-CSF within 24–48 h 
following the first cycle of chemotherapy, based on 
the myelosuppressive risk of each chemotherapy regi-
men, as specified by the National Comprehensive 
Cancer Network Guidelines; in cases where National 
Comprehensive Cancer Network Guidelines do not 
assign FN risk for a regimen, information from the 
package labels of the chemotherapy regimens were 
used to determine risk. In the usual care arm, PP-CSF 
prescribing will remain as currently prescribed by the 
oncologists and their component staff (no change 
to standing orders). Component sites which already 
have existing CSF order entry systems are assigned 
to a nonrandomized observational cohort arm. All 
patients at participating components will be subject 
to the PP-CSF use care as determined by component 
assignment (usual care, intervention or cohort); physi-
cian discretion will determine the actual care received 
by patients. Only consented patients registered to the 
study will participate in the data collection. Figure 1 
provides an overview of the trial design.

To maximize recruitment efficiency, very low volume 
components (chemotherapy administered to less than 
60 [total] breast, lung or colorectal cancer patients 

annually) are excluded. Components are randomly 
assigned into the intervention or usual care group using 
a 3:1 randomization scheme.

Among component sites randomized to the 
intervention group in the primary randomization, a 
secondary component-level randomization (1:1) is per-
formed to evaluate the effectiveness of PP-CSF among 
patients receiving intermediate risk chemotherapy. 
In the first intervention group, the standing orders 
for all intermediate risk chemotherapy regimens will 
include PP-CSF. The second intervention group will 
have standing orders that do not include PP-CSF with 
intermediate risk chemotherapy regimens.

Inclusion & exclusion criteria: components 
& patients
The inclusion and exclusion criteria are minimally 
restrictive to reflect the pragmatic nature of the trial 
design (Box 2).

Intervention: automated standing CSF order entry
To implement the automated PP-CSF order entry 
system across a variety of EMR platforms, the research 
team staff includes persons with expertise in biomedical 
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Figure 1. Study overview and randomization scheme. 
†See text for a description of National Cancer Institute Community Oncology Research Program components. 
CCDR: Cancer Care Delivery Research; FN: Febrile neutropenia; NCORP: National Cancer Institute Community 
Oncology Research Program; PP-CSF: Primary prophylactic-colony stimulating factor.

Does the component have an existing guideline-informed PP-CSF order entry system?

SWOG, Alliance, NRG and ECOG-ACRIN, NCORP, CCDR, components†

Component randomization #1:
all components

No Yes

Usual care components:
Investigator discretion for

PP-CSF use

(n = 8 components3)

Intervention components:
implementation of guideline-

based, standing order
PP-CSF program

(n = 24 components)

Component randomization #2:
intervention components

Intervention components:
Standing orders recommend PP-CSF for all

intermediate FN risk regimens
Guideline-based PP-CSF use for high and low

FN risk regimens 

(n = 12 components3)

Intervention components:
Standing orders recommend no PP-CSF for

intermediate FN risk regimens
Guideline-based PP-CSF use for high and low

FN risk regimens

(n = 12 components3)

Cohort components:
Use existing guidelines-based

care for PP-CSF use

(n = 14 components3)
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informatics to help sites modify their platforms to allow 
for both medical orders and extraction of relevant data. 
The team will engage component EMR technical staff 
to implement the protocol-based PP-CSF orders, and 
physicians, nurses and pharmacists, to assure feasibility 
and accuracy of order changes (Box 3).

The protocol PP-CSF orders will be customized 
to the capabilities of each component, taking into 
account the procedures by which chemotherapy orders 
are administered by the staff and how chemotherapy 
is given to participants. Physician, nurse, pharmacy 
and information technology leaders at participating 
components will be asked to help develop an 

implementation blueprint within each component as 
part of the rollout of the intervention. To facilitate the 
analysis and implementation at local sites we provide 
basic requirements, as well as screenshots of examples 
for new order sets in commonly used EMR systems 
upon request.

Hypotheses & sample size considerations
Funding considerations allowed for a maximum 
of 32  components in the randomized trial, which 
we allocated as 24 intervention components and 
eight usual care components to achieve sufficient 
power. The number of patients per component was 
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calculated to ensure ≥80% power for the three pri-
mary objectives. Because FN events are less com-
mon among intermediate risk patients, we estimated 
sample size using a two-step approach. First, we cal-
culated the sample size required to test the hypoth-
esis that PP-CSF would result in a 50% reduction in 
FN rate among intermediate risk patients, based on 
prior studies in other FN risk groups  [17]. Based on 
an expected baseline FN rate of 15% among persons 
receiving intermediate risk chemotherapy  [5–6,18–22] 
and for α = 0.05, among the 24 components in the 
intervention group, 12 will be randomized to all inter-
mediate risk chemotherapy patients being assigned 
PP-CSF, and 12 will be randomized to no interme-
diate risk patients receiving PP-CSF. Assuming that 
among patients receiving chemotherapy at each com-
ponent, the proportion of high, intermediate and low 
risk patients is 30, 50 and 20%, respectively, a total 
of 90  breast, lung or colorectal cancer patients are 
needed per component to test the hypothesis [7,8].

Second, we hypothesize that patients receiving high 
and intermediate risk chemotherapy in intervention 

components will experience FN rates that are 50% 
lower than patients receiving high and intermedi-
ate risk chemotherapy in usual care components. 
Assuming a baseline FN risk of 25% among patients 
receiving high risk chemotherapy, a 3:1 randomiza-
tion scheme (eight components randomized to usual 
care and 24 components randomized to intervention) 
will provide 90% power for testing this hypothesis. 
Finally, our sample size results in 80% power to detect 
the following changes in PP-CSF prescribing rates as 
a result of the order entry intervention: a reduction 
from 17 to 7% among low risk patients and an increase 
from 40 to 75% among high-risk patients [8]. The trial 
will thus include a total of 2980 eligible patients in the 
randomized study: 2160 in the intervention arm; 720 
in the usual care arm. We will allow for 10% addi-
tional accrual to account for ineligible patients, and 
for dropout and death (not due to FN) that may occur 
earlier than 6 months after registration.

Intraclass correlation coefficient (ICC): The above 
calculations account for a possible reduction in 
power due to correlation among patients at the same 

Box 2. Inclusion and exclusion criteria.

Component site eligibility
•	 Minority-Underserved National Cancer Institute Community Oncology Research Program Cancer Care Delivery Research 

(MU-NCORP CCDR) oncology component sites. A component is a NCORP designated unit comprised of a single institution or a 
hospital with satellite clinics, or a grouping of institutions, hospitals and clinics.

•	 At least 60 breast, non-small-cell lung and colorectal cancer patients (total) received chemotherapy in 2015.
•	 Technically and logistically feasible to modify the existing clinic order entry system to include the protocol-indicated order set and 

system notes for colony stimulating factor (CSF).
•	 Component site is willing to undergo secondary randomization to include/exclude CSF standing orders for intermediate risk 

regimens.
Patient eligibility
Disease-related criteria:
•	 Patients must have a current diagnosis of breast cancer, non-small-cell lung cancer or colorectal cancer. Cancer may be metastatic 

or nonmetastatic.
Prior/concurrent therapy criteria:
•	 Patients must be planning to receive one of the study-allowed regimens as their initial treatment for their current diagnosis.
•	 Patients must be registered prior to their first cycle of systemic therapy (chemotherapy, immunotherapy, biologic therapy or 

combination regimens) for this diagnosis. If patient has had any prior systemic therapy for another malignancy, patient must not 
have had any systemic therapy in the 180 days just prior to registration.

•	 Patients must not have any known contraindication to CSFs prior to registration, including prior hypersensitivity to Escherichia 
coli-derived proteins, filgrastim, pegfilgrastim or Tbo-filgrastim.

Clinical criteria
•	 Patient must be at least 18 years of age.
•	 Patients must be able to understand and provide information for the patient-completed study forms in either English or Spanish.
•	 Patients may have had a prior malignancy.
•	 Patients must not be participating or plan to participate in other clinical trials that involve investigational systemic cancer 

treatments or investigational uses of CSF.
Regulatory criteria
•	 Patients must be informed of the investigational nature of this study and must sign and give written informed consent in 

accordance with institutional and federal guidelines.
•	 As a part of the OPEN registration process the treating institution’s identity is provided in order to ensure that the current (within 

365 days) date of institutional review board approval for this study has been entered in the system.
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component. An ICC of zero corresponds to random-
ization of individuals rather than components; ICC 
>0 indicates correlation among patient outcomes 
within a component. We estimated the ICC for FN 
in the SWOG adjuvant breast cancer study S0221, 
which had 262 components with 2666 patients  [23]. 
The ICC for that study was estimated to be 0.01; we 
used 0.02 to protect against underestimation.

The parallel observational cohort study will include 
14 components with existing PP-CSF order entry sys-
tems (720 eligible patients, about 52 eligible patients 
per component).

Analysis plan 
Intent-to-treat
Randomization is at the component level and outcomes 
are measured at the patient level. There may be non-
adherence to the assigned treatment (intervention or 
usual care) at the component or patient level. The 
primary analysis will be based on an intent-to-treat 
analysis, which analyzes patients and components 
according to the arms to which they were randomly 
assigned. As a sensitivity analysis, we will account for 
nonadherence and conduct an as-treated analysis. In 
order to understand any differences between results 
from the intent-to-treat and as-treated analyses and to 
assess the extent to which noncompliant components 
and patients may have biased results, we will compare 

their characteristics to those of all other components 
and patients in the analysis.

Analysis for primary aims
Since patients are nested within components, this 
structure will be accounted for by using mixed effects 
regression models including a random effect for com-
ponent. Among high risk and low risk patients, sepa-
rate mixed effects logistic models will be fit to assess 
the effect of the intervention on PP-CSF use. A mixed 
effects logistic model will also be used to assess the 
impact of the intervention on FN occurrence within 
6 months from registration. In all analyses, there will 
be adjustment for component-level characteristics and 
patient-level clinical and demographic characteristics.

Subgroup analysis
We will assess the magnitude of intervention effect 
across subgroups. We will use interaction tests and 
a forest plot to display the heterogeneity in inter-
vention effects across subgroups. Subgroup analy-
ses will be performed for each cancer type, level of 
FN risk (low, intermediate, high), and the following 
variables: race (African–American, White, other), 
age (categorized as <50, 50–59, 60–69, 70–79, 80+ 
years), noncancer comorbidity performance status 
(Zubrod) and stage of cancer at enrollment (distant, 
local, regional) [6,9,11,18–23].

Box 3. Process to establish primary prophylactic colony stimulating factors order entry protocol.

Step 1: Discovery & planning
•	 Component site establishes a local project implementation team including specialists such as clinical analysts, order set 

developers, and clinical pharmacists.
•	 A Trial assessing CSF prescribing Effectiveness and Risk (TrACER) research team works with the local team to map out the local 

processes for modifying the order sets. Component site is asked to complete a clinic characterization survey to help the research 
team understand the characteristics of the existing electronic medical record and specific technical and environmental challenges.

•	 Key local implementation contacts and stakeholders are identified and consulted by the project team. Early questions and 
concerns are addressed.

Step 2: Establish intervention blueprint
•	 Verify which clinical systems need to be modified (e.g., EPIC, Cerner, Allscripts).
•	 Work with local analyst, clinical pharmacist and other key staff to confirm clinical requirements and the impact of the protocol-

indicated changes.
•	 Work with local analyst and IT staff to determine technical requirements.
•	 Design build specifications.
Step 3: Analyst mock-up & testing: central review & approval of changes
•	 Changes are made by local project implementation team or a technical consultant provided by the research team.
•	 Changes are piloted in ‘off line’ mode and revised as needed.
•	 Local project implementation team submits a completed implementation form and screenshots of the build to the research team 

for review.
•	 The research team change-control board reviews the component site build documentation and approves the changes or 

recommends additional revisions that must be made before the site can implement the changes in a live clinic environment.
Step 4: Implement changes in production clinical systems environment
•	 Protocol-indicated standing orders are in active use.
•	 Local project implementation team monitors for issues, reporting to research team if questions or issues arise.
•	 Systems are modified as appropriate based on feedback and issues encountered during the run-in.
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Interim analysis
Early termination of part of the secondary trial (e.g., a 
single arm) in intermediate risk patients may occur 
due to demonstrated efficacy or futility of PP-CSF 
in an interim analysis of FN incidence. Two interim 
analyses will be conducted when 360 patients and 
650 patients in the intermediate risk group at inter-
vention components have complete outcome infor-
mation; these sample sizes correspond to 50 and 75% 
accrued information. We will use O’Brien–Fleming 
stopping rules, which employ conservative criteria for 
termination  [24]. The trial will be monitored by the 
SWOG Data Safety Monitoring Committee, with 
respect to accrual, adverse events, and interim and 
final analyses.

External stakeholder advisory group 
involvement in trial design
A key component of patient-centered outcomes 
research is the integration of perspectives from exter-
nal stakeholders who represent constituencies that will 
be affected by research findings into the trial design 
process [4]. We assembled an external stakeholder advi-
sory group (ESAG), chaired by two members of the 
study team (SD Sullivan and GH Lyman) to advise on 
trial design, implementation and dissemination. The 
ESAG includes representatives from patient advocacy 
groups, clinicians, health insurers, test manufacturers, 
regulators and policy-makers (Figure 2).

Engagement with the ESAG started from the point 
of writing the grant proposal. The ESAG provided 
input and feedback on formulation of the research 
questions, reviewing the intervention, study design, 
setting, patient populations, recruitment procedures 
and end points for the study, as well as reviewing the 
intervention to help determine relevance to patients, 
feasibility and potential impact.

The ESAG was convened at separate webinars for 
orientation to the goals of the trial, introduced to 
the study team and each other, provided an over-
view of the proposed engagement plan, and given an 
opportunity to comment on their proposed role in 
the study. The group was asked to help refine the 
research questions and outcomes to be relevant to 
patients, payers and other stakeholders. In addition, 
members with experience were asked to share their 
knowledge about PP-CSF prescribing, the preva-
lence of over- and underuse, risks of treatments and 
potential challenges to support of the dissemination 
of trial findings, such as language to frame the con-
text for a research study that may result in less use 
of a treatment in certain patient populations. ESAG 
feedback was used to revise, refine and strengthen 
the study design.

Discussion
Prospective randomized controlled trials provide the 
highest quality evidence to address questions of com-
parative benefit and safety. For questions that can be 
addressed effectively with pragmatic trial methods, an 
infrastructure must be available to generate credible, 
representative information as quickly, efficiently and 
inexpensively as possible. In response to PCORI’s Large 
Pragmatic Trials initiative, the TrACER study was 
designed to address two fundamental issues for PP-CSF 
prescribing: lack of adherence to long-published prac-
tice guidelines for use of PP-CSF for patients receiving 
myelosuppressive chemotherapy; and limited evidence 
regarding the effectiveness of PP-CSF among patients 
receiving chemotherapy with an intermediate FN risk. 
The combination of PCORI’s approach to stakeholder-
informed research design and the NCI’s NCORP infra-
structure offers a compelling combination for addressing 
critical needs in oncology such as PP-CSF prescribing in 
a timely fashion with a high evidence standard.

The TrACER trial represents several ‘firsts’: the 
first pragmatic trial in an NCI cancer cooperative 
group setting, the first cluster-randomized trial in 
SWOG and the first wave of large pragmatic trials 
funded by PCORI. TrACER also provides an avenue 
for collaboration between the NCI and PCORI in a 
way that leverages both organizations’ resources, in 
this case to address a major issue for cancer care deliv-
ery research as well as an area of clinical uncertainty. 
In an era of constrained budgets for research, prag-
matic trials hold promise as a lower cost alternative to 
address important questions in these areas.

The TrACER study concept proposal was approved 
by SWOG on 19 August 2014. PCORI initiated the 
study contract on September 1st 2015 following 
approval for funding in February 2015. The NCI pro-
tocol was approved on February 16th 2016 and the 
study was activated on October 7th 2016. In Novem-
ber 2016 the first component site randomized to the 
intervention arm completed the process to modify 
their EMR to include protocol-indicated standing 
orders. The first patient was registered on October 
26th 2016. Planned patient enrollment is expected to 
continue through March 2019, with primary analysis 
scheduled for completion on July 31st 2020.
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Summary points

•	 Multiple studies show that between 55 and 95% of primary prophylactic colony-stimulating factor (PP-CSF) prescribing is 
inconsistent with established clinical guidelines. A contributor to the variability of CSF prescribing is limited high quality evidence 
assessing the effectiveness of PP-CSF for patients receiving intermediate risk chemotherapy regimens.

•	 Trial Assessing CSF Prescribing Effectiveness and Risk (TrACER) is a pragmatic, prospective, randomized controlled trial to address 
two important unmet needs for PP-CSF prescribing: first, whether a guideline-informed standing order for administering PP-CSF 
could improve prescribing and reduce the incidence of febrile neutropenia when compared with usual care, and second, for 
patients receiving intermediate risk chemotherapy, to determine the impact of PP-CSF on febrile neutropenia.

•	 The study uses a cluster randomized design. The unit of randomization is an National Cancer Institute Community Oncology 
Research Program designated Cancer Care Delivery component site. All hospitals or clinics operating as part of a component site 
share the same electronic medical record.

•	 There are four study arms. Component sites with existing CSF order entry systems are assigned to a nonrandomized observational 
cohort arm (study group 1). Component sites with no existing CSF order entry system are randomized into one of three arms – 
one usual care arm and two intervention arms. In the usual care arm (study group 2), PP-CSF prescribing will remain as currently 
configured by the oncologists and their component staff. In the intervention arms, components will alter their electronic medical 
record to standing orders for PP-CSF based on the myelosuppressive risk of each chemotherapy regimen, as specified by the 
National Comprehensive Cancer Network guidelines. In study group 3, all patients receiving intermediate risk regimens will 
have standing orders to receive CSF. In study group 4, patients receiving intermediate risk chemotherapy regimens will not have 
standing orders for CSF.

•	 14 components are participating in the cohort study. 32 components are participating in the randomized trial: 24 intervention 
components and eight usual care components. The number of patients per component was calculated to ensure ≥80% power for 
the three primary objectives.

•	 As a key component for patient-centered outcomes research, an External Stakeholder Advisory Group had advised the 
investigator team on trial design, implementation and dissemination. The group includes representatives from patient advocacy 
groups, clinicians, health insurers, test manufacturers, regulators and policy-makers.

•	 The TrACER trial represents the first pragmatic trial in an NCI cancer cooperative group setting, the first cluster-randomized trial in 
SWOG, and the first wave of large pragmatic trials funded by Patient Centered Outcomes Research Institute.
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