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Abstract

Background Precision medicine holds enormous potential to improve outcomes for cancer patients, offering
improved rates of cancer control and quality of life. Not all patients who could benefit from targeted cancer therapy
receive it, and some who may not benefit do receive targeted therapy. We sought to comprehensively identify deter-
minants of targeted therapy use among community oncology programs, where most cancer patients receive their
care.

Methods Guided by the Theoretical Domains Framework, we conducted semi-structured interviews with 24 com-
munity cancer care providers and mapped targeted therapy delivery across 11 cancer care delivery teams using a
Rummler-Brache diagram. Transcripts were coded to the framework using template analysis, and inductive coding
was used to identify key behaviors. Coding was revised until a consensus was reached.

Results Intention to deliver precision medicine was high across all participants interviewed, who also reported
untenable knowledge demands. We identified distinctly different teams, processes, and determinants for (1) genomic
test ordering and (2) delivery of targeted therapies. A key determinant of molecular testing was role alignment. The
dominant expectation for oncologists to order and interpret genomic tests is at odds with their role as treatment
decision-makers’and pathologists’typical role to stage tumors. Programs in which pathologists considered genomic
test ordering as part of their staging responsibilities reported high and timely testing rates. Determinants of treatment
delivery were contingent on resources and ability to offset delivery costs, which low- volume programs could not do.
Rural programs faced additional treatment delivery challenges.

Conclusions We identified novel determinants of targeted therapy delivery that potentially could be addressed
through role re-alignment. Standardized, pathology-initiated genomic testing may prove fruitful in ensuring patients
eligible for targeted therapy are identified, even if the care they need cannot be delivered at small and rural sites
which may have distinct challenges in treatment delivery. Incorporating behavior specification and Rummler-Brache
process mapping with determinant analysis may extend its usefulness beyond the identification of the need for con-
textual adaptation.
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Contributions to the literature

o The first study to identify the determinants of the deliv-
ery of precision medicine in community oncology set-
tings, where most US cancer patients receive care

» Identifies role misalignment as a previously undiscov-
ered, distinct barrier to genomic testing, creating jus-
tification for new implementation strategies to sup-
port targeted cancer therapy delivery by focusing on
changes in professional roles among teams typically
responsible for cancer care delivery, rather than knowl-
edge needs of individual providers

» Expands the value of existing implementation science
determinant frameworks, which emphasize the contex-
tual adaptation needs, by explicit specification of the
intervention behavior through process mapping meth-
ods

» Demonstrates the value of behavior specification in
determinant analysis in addition to implementation

strategy evaluation

Background
Precision medicine is the practice of tailoring treatments
to individual patients by classifying individuals into sub-
populations that differ in their susceptibility to disease
or response to treatment [1]. The promise of precision
medicine lies in its ability to guide healthcare decisions
toward the most effective treatment for a given patient,
while reducing the need for unnecessary therapies, side
effects, and costs. The realization of precision medicine
in oncology could have a substantial impact. An esti-
mated half-million cancer patients may be eligible for
guideline-recommended targeted therapies each year
and could benefit from demonstrated benefits of targeted
therapy, including delay in tumor progression, longer sur-
vival, more quality-adjusted life years, avoidance of non-
effective treatment, and lower treatment costs [2—8]. The
FDA has approved >90 pharmacogenomic drugs in can-
cer, and the National Comprehensive Cancer Network
(NCCN) recommends precision medicine not just as a
general approach, but for specific treatment decisions
across a number of cancers, including breast, lung, colo-
rectal, and melanoma skin cancer, among others [9-13].
Despite the guideline recommendations and the
immense promise, not all patients who could benefit
from targeted cancer therapy receive it and some who

may not benefit actually receive it [14-16]. Only half of
white elderly women and 40% of black elderly women
with non-metastatic human epidermal growth fac-
tor receptor 2 (HER2)-positive breast cancer receive
appropriate monoclonal antibody therapy [17]. Only
18% of colorectal cancer patients in the last decade with
Kirsten rat sarcoma viral oncogene homolog (KRAS)
wild-type tumors received anti-epidermal growth fac-
tor receptor (EGFR) antibodies [18]. Less than half of
non-small cell lung cancer patients eligible for EGFR
inhibitors receive them [19]. Although increasing in
recent years, one-quarter of advanced lung cancer
patients still do not receive tyrosine kinase inhibitors
(TKIs) [20]. Furthermore, some cancer patients may be
treated with targeted therapy where it is not warranted
[21, 22].

Barriers to providers’ appropriate use of targeted
therapies include knowledge and skill deficits [23, 24]
and environmental and resource constraints, including
lack of reimbursement, limited access to testing tech-
nology and treatments, and lack of time for the bur-
densome coordination of testing, therapy, and required
follow-up [14, 25-34]. Technology limitations have also
been recognized: test processing time often exceeds the
treatment decision-making interval [35-37] and the
specimens required for testing are difficult to obtain
in some cancers [38]. Less studied are the motivational
determinants that may facilitate or inhibit physician
use of targeted therapy, although perceptions of lim-
ited utility and lack of patient receptivity have been
noted as barriers for some genomic tests [36]. Recent
policy-level changes and continuing evolution of the
technology are lessening the impact of reimbursement
barriers and testing accessibility [39, 40]. Training pro-
grams have been put in place to address knowledge
deficits [24, 30]. These changes in the precision medi-
cine landscape put into focus the need to explore the
motivational barriers that oncologists and their teams
may experience (e.g., beliefs about consequences and
capabilities, social and professional roles and identi-
ties). Recent changes also engender the need to unpack
the organizational contexts in which targeted therapy
is delivered, particularly in the community oncology
setting, because most cancer care in the USA is deliv-
ered in community practice. Despite this, few previ-
ous studies of precision medicine implementation
have included US community-practicing oncologists
among their samples [41-43]. The specific roles that
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community oncology teams play and the subsequent
behaviors they perform in delivering targeted therapy
are poorly understood. Furthermore, most interven-
tions to improve precision medicine delivery have been
focused on tumor boards or EPIC-based decision sup-
port tools, interventions which may have limited avail-
ability outside of academic settings [28, 42, 44—46].

Although identifying the most salient barriers can
increase the likelihood that interventions are effective
and changes are sustained [47-50], no existing stud-
ies have taken a comprehensive approach, using a theo-
retically derived implementation science determinant
framework, to identify effective intervention points for
implementing targeted therapy [32, 33, 46]. Furthermore,
existing research does not specify the behaviors and
delivery processes currently in place to pinpoint what
changes need to occur.

We sought to use an established implementation sci-
ence framework to identity actionable determinants of
targeted cancer therapy use among community oncol-
ogy practices and conduct generalized process map-
ping to identify current state processes across sites.
We anticipate these results will be foundational to the
development of implementation strategies to support
guideline-based targeted therapy delivery in community
oncology practice.

Methods

We conducted a modified template analysis [51] of semi-
structured qualitative interviews based on the Theoreti-
cal Domains Framework [52] and process mapping using
the Rummler-Brache approach [53, 54]. The study was
conducted under a protocol approved by the University
of Kansas Institutional Review Board and is reported
according to Consolidated Criteria for Reporting Quali-
tative Research (COREQ) [55].

Oncology care providers involved in the delivery of tar-
geted therapy and practicing in community settings were
eligible to participate and could include medical oncolo-
gists, surgeons, pharmacists, pathologists, healthcare
administrators, nursing staff, or other ancillary providers,
as we anticipated multiple healthcare professionals to be
involved in such complex care delivery. We excluded aca-
demic providers and solo providers. Initial efforts were to
restrict participation to providers practicing in a 13-state
region in the Central USA and whose institutions were
willing to participate in a companion medical record
abstraction study, but due to COVID-19 pandemic-
related practice disruptions, we altered the protocol [56]
to expand recruitment by extending geographic reach to
other US states and relaxing the requirement to partici-
pate in the medical record abstraction. We mailed invi-
tation letters, signed by regionally prominent physicians,
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to all oncologists who billed Medicare in January 2020
in the 13-state region, inviting them to participate in
a mixed methods study. We also targeted US patholo-
gists and critical access hospital administrators via email
and extended personal invitations to NCI Community
Oncology Research Program principal investigators and
administrators. Lists were obtained from the Centers
for Medicare and Medicaid; Medical Marketing Service,
Inc.; a National Rural Health Association Consulting Ser-
vice, and directories on public websites [57, 58]. Once we
identified an index provider within practices, we used a
snowball sampling strategy to identify other care team
members and allowed the index provider to specify the
roles important at his or her institution around targeted
therapy. No exclusions on provider roles were applied by
the study team.

We used a semi-structured interview guide based on
the Theoretical Domains Framework (TDF) [49, 59] to
identify capability, opportunity, and motivational con-
structs key to targeted therapy use and allowed the inter-
viewers to tailor questions to the interviewee’s role and
involvement in targeted therapy delivery. The interview
guide was modeled on previous determinants assess-
ments conducted by our team [60] and relied on broad
open-ended questions to identify many possible deter-
minant domains, but encouraged probing on specific
domains. To carefully and comprehensively specify
the behavior, we used process mapping techniques in
which we devoted interview time to detailing the tar-
geted therapy delivery process, using a specific item
to elicit process characteristics [61]. We collected or
derived demographic information about sites from pub-
licly available data sources, including the CMS Compare
file, census information, Health Resources and Services
Administration, the Kaiser Family Foundation, and the
American Hospital Directory [62—-65].

A single interview with each participant was conducted
between July 2020 and May 2021. All interviews were
conducted via telephone or video conference per par-
ticipants’ preference. Verbal consent was obtained. Par-
ticipants were offered a gift card for participation. Two
female, PhD-trained qualitative researchers (SDE and
JVB), a sociologist, and an anthropologist with > 30 years
of combined ethnographic interviewing experience, but
naive to targeted cancer therapy delivery, conducted all
interviews. The use of naive interviewers was a prag-
matic decision to align the skills of the study team with
the study design, but interviewer naivete was used stra-
tegically to establish the interviewee as an expert and
to elicit mundane details about targeted therapy deliv-
ery by making the process “strange,” in accordance with
common ethnographic interviewing techniques [66]. A
single practice interview was conducted and discussed
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to familiarize the team with the interview guide and key
concepts related to precision medicine. Participants were
unknown to the interviewers prior to the study interac-
tion. Interviewers had no investment or biases toward
targeted cancer delivery but were motivated to identify
implementation strategies potentially effective for future
studies. Interviews, ranging from 27 to 63 min, were
recorded and interviewers collected brief field notes on
each interview to assess the saturation and identify issues
for follow-up in subsequent interviews.

Interview audio content was transcribed verbatim
and coded in NVivo [67]. Coding consisted of assign-
ing excerpts to defined TDF constructs described
in a code book developed a priori, combined with
inductive coding of (1) specific behaviors performed
in the delivery of targeted therapy and (2) poten-
tially distinguishing contextual factors informants
reported. Interviewers kept memos during coding,
and the study team met regularly to discuss the find-
ings. In the initial analysis, two investigators (SDE and
JVB) identified distinct behaviors and then attributed
determinants to specific behaviors. After the initial
coding, a third investigator experienced in the TDF
framework (EM) reviewed all transcripts to ensure
TDF constructs were consistently identified. Sub-
themes were then identified within domains and key
quotes displayed. Concurrently, we summarized all
process descriptions into a single Rummler-Brache
diagram, also known as a swimlane diagram [53, 54].
Based on descriptions gathered from participants, we
identified the roles responsible for each part of the
targeted therapy delivery process, represented by a
single “lane” in the process map. We then summarized
the targeted cancer therapy delivery process across
all cancer programs, with arrows indicating hand-
offs across roles and diamonds representing decision
points. We used distinct colors to represent contextual

5,832 Physicians

Representing 5,582 Non- 16 Sites
1,010 Practice returned :)ntefgstec! in 16 Eligible
leeatizne Letters articipation
13,660 2,245
14,989 e g 1.340
2 Delivered Message R
Pathologists
athologis Messages Opens Survey Clicks
1,353 Rural .
Healthcare 9 responded Slx:rl:,'?g;o 3 Eligible
Administrators
55 Cancer/ N 3 Sites
Informatics ° |ndicated 5 Eligible Selected for
Nubivork Interview
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differences in processes or teams across sites. As part
of iterative analysis, we identified pathologists as hav-
ing important roles in targeted therapy delivery and
sought additional input from pathologists to reach
saturation. Across both the determinant coding and
swimlane diagram, we noted contextual determinants
reported to impact testing and treatment behaviors
and summarized these factors by major domains.
Interviews and results were not returned to study
participants for review but were shared at multiple time
points with other community oncologists participating
in a Cancer Center Disease Working Group. Feedback
was used to shape interpretation and validate findings.

Results

Participant characteristics

Broad notifications about the study were pushed to
22,229 medical oncologists, pathologists, rural health-
care administrators, and research network personnel,
which represented approximately 5013 non-unique
practice contacts (Fig. 1). Across these notifications,
108 providers indicated interest of which 70 were con-
sidered eligible to participate. From this group, 24
individuals agreed to and completed the individual
interview (range of 1-4 respondents/site). Individual
participants represented a variety of roles in their can-
cer programs, including medical oncologists, patholo-
gists, surgeons, pharmacists, healthcare executives,
advanced practice nurses, and oncology nursing staff
(Table 1). Ten participants held some type of leadership
role within their oncology program or organization.
Two participants had specialized training in genomics.
Participants represented 11 community oncology pro-
grams, ranging in size, geography, and location. Table 2
describes the characteristics of cancer programs repre-
sented in the sample.

1 Site
Agreed to
Interview

78 T 6 Sites
Completed 7? W'“'.ng 2 46 Eligible Selected for
nterview 7
Surveys Interview

1 Site
Selected for
Interview

Fig. 1 Study opportunity dissemination, interest, eligibility, and participation
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Table 1 Demographic characteristics of participants

Non-
physicians
N=12)

Physicians
(N=12)

Gender
Male
Female

Professional role
Medical oncologist 5
Pathologist 6
Surgeon 1
Pharmacist
Nurse or advanced practice nurse
Administration
Molecular geneticist

Specialized training in genomics 1

N = = N A

Organizational leadership role 4

Table 2 Characteristics of participating community oncology

programs
Count (%) (n=11)
Region
West 2 (18%)
Midwest 7 (64%)
South 2 (18%)
Northeast 0 (0%)
Rurality
Rural 3(27%)
Non-rural 8 (73%)
Medicaid expansion state 7 (64%)
T(

Critical access hospital

Bed size
Small (1-49 staffed beds) 1
Medium (50-99 staffed beds) 0
Large (100-199 staffed beds) 2
Very Large (>200 staffed beds) 8

Behavior specification

In eliciting the nature of the care delivery behavior from
participants, we recognized two distinct behaviors across
sites—testing and treatment decision-making—which
were essential to targeted cancer therapy delivery. While
successful implementation of targeted therapy requires
both behaviors, each behavior consists of its own set of
steps, and the behaviors are typically performed by dif-
ferent members of the healthcare team. The impor-
tance of the distinction was made more evident after we
mapped the dual-behavior process onto a swimlane dia-
gram (Fig. 2), as the inter-team interactions involved in
each behavior were different: pathology-oncology teams
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interact in testing and pharmacy-oncology teams interact
in treatment. As a result of process mapping, the study
team recognized that pathologists were under-repre-
sented in the interview sample, thus additional patholo-
gists were recruited until saturation was reached.

Testing processes were characterized by a bottleneck
at some sites, leading to delays in treatment initiation,
additional work by nursing staff, and anxiety for patients
and their providers. At most sites, oncologists took a lead
role in ordering molecular and genomic tests. Patients
presented for treatment decisions after tumor biopsy and
then oncologists ordered necessary tests. This sequence
of events resulted in two potential treatment scenarios:
either prioritizing expediency of treatment by proceeding
with non-targeted therapy while awaiting testing results
or prioritizing comprehensiveness by delaying treat-
ment while awaiting final test results. The nursing staff at
some sites had the role of managing the test results and
coordinating the timing of patient scheduling to align.
At other sites, the pathology team initiated molecular
and genomic test orders, negotiated test reimbursement,
managed the results, and shortened the window of time
from diagnosis to treatment decision-making.

Treatment processes differed depending on whether
the prescribed targeted therapy was delivered orally or
infused. Importantly, because payor reimbursement
policies differ, and costs and economic benefits accrue
differently based on the mode of delivery, different care
delivery teams within sites and different care delivery
processes were used to execute targeted therapy deliv-
ery. Some community oncology programs did not have
the organizational capacity to deliver both oral and infu-
sion therapy. For example, some sites had nursing and
administrative processes in place to deliver infused drugs
but were constrained in their ability to access some treat-
ments or to manage complicated payment programs to
provide access to oral therapies for un- or underinsured
patients. The size of the oncology program seemed to
create variations in roles (Table 3). For example, nurse
practitioners and pharmacists were involved in the deliv-
ery and management of targeted therapy at larger organi-
zations. There was also variation among cancer programs
in engagement with external organizations who could
manage drug acquisition and reimbursement program
management.

Behavioral determinants

Variation in the successful implementation of targeted
therapy across sites was reported. Because we identified
different determinants and actors for testing and treat-
ment, which have not been distinguished in prior deter-
minant studies, we present motivation, opportunity, and
capability determinants for each behavior separately.
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Additional file 1: Tables S1, S2, and S3 provide exemplary
quotes across each TDF domain.

Motivational domains

The intention to perform molecular and genomic test-
ing and to provide targeted therapy to eligible patients
was prevalent and strong across all interviews (Addi-
tional file 1: Table S1). Providers acknowledged the high
demand from providers and patients for testing and
characterized targeted therapy as “the way of the future”
[rural oncologist]. For testing, providers perceived mostly
positive consequences, including providing something
of benefit to patients and to themselves. They believed
molecular and genomic testing (and College of Ameri-
can Pathologists (CAP) protocols) helped them to meet
professional standards and avoid audit failures. Although
participants expressed concerns about patients’ potential
out-of-pocket costs, which created negative reinforce-
ment, some perceived societal benefit as they consid-
ered the (low) cost of testing relative to the (high) cost of
unnecessary therapy.

We're talking about tests that cost about $5000
maybe and in terms of the cancer center or cancer
patients’ [United States] costs of their disease ther-
apy, it’s a drop in the bucket and why not have the
best information available? To me if I had something
and I wanted to have it treated, I would want to
know what I'm treating. [Non-rural Pathologist]

Others limited cost concerns to tests that have no
actionable treatments; still, others acknowledged broad-
ening reimbursement for testing. Beliefs about the lim-
ited capability to acquire sufficient tissue for testing were
widely acknowledged, and enthusiasm was dulled by the
rarity of actionable mutations.

We found wide variation in role assignment for
genomic test ordering across community oncology pro-
grams that seemed to impact guideline adherence and
timeliness. In addition, these roles were in flux. Both
oncologists and pathologists noted that their roles were
changing because of targeted therapy, sometimes creat-
ing communication failures across teams that impact
task proficiency. Some programs relied on oncologists to
order somatic tests, whereas other programs assigned the
responsibility to the pathologist. Pathologists typically
welcomed this role in subtyping tumors, acknowledging
that genomic testing aligns with their existing responsi-
bility to stage tumors.

Ultimately, we are not only the stewards of the tis-
sue but we're also the owners of the classifications
and it is not enough anymore to be good at recog-
nizing things under a microscope. We do understand
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what is driving these diseases and the relevance and
mechanisms that are altered or disorganized with
each one of these translocations with the exception
of maybe somebody doing clinicals and ethics, we
are the physicians that are closest to what is hap-
pening and most pathologists have a research back-
ground and some kind of familiarity with molecular
and genetics...So I think we’re going to be the driving
force. [Non-rural Pathologist]

Some sites created new roles for managing the multi-
tude of reference lab orders, tracking test results, ensur-
ing tests were incorporated into the electronic medical
record and made available at the point of treatment deci-
sion-making, but other sites relied on physicians or other
clinical staff to be responsible for this work. Conse-
quently, they experienced delays in obtaining and review-
ing test results, which created anxiety for both patients
and providers. Many participants were highly motivated
to identify strategies to facilitate interdisciplinary com-
munication, and at least one program did so by creating
new roles to manage inter-team communication needs,
potentially alleviating providers’ fears and frustration
surrounding test results interpretation.

...they came up with this idea of having a pathology
liaison attending the hematology oncology meet-
ings and because I had a background in molecu-
lar research, I happened to be the one. [Non-rural
pathologist]

Some challenges to role realignment were acknowl-
edged: inertia and industry marketing of tests to phy-
sicians. In addition, participants’ beliefs about their
capabilities determined patterns of use. Smaller sites
expressed more concerns in their ability to deliver tar-
geted therapy, acknowledging institutional costs and
staffing limitations. Smaller cancer programs were cogni-
zant of the volume required to cover fixed costs of test-
ing, in contrast to providers at larger programs:

I'm [at] a large cancer hospital. I don’t even check
what kind of insurance the patient has. I do the
same thing for everybody because the hospital eats
the cost if Medicare doesn’t reimburse. [Non-rural
Pathologist]

Rural providers saw the great potential advantage of
liquid biopsy over tissue testing to address their unique
delivery needs.

Providers had high intentions and motivation to use
targeted treatment. Providers saw mostly positive ben-
efits of targeted treatment, believing it provides more
treatment options, higher response rate, better outcomes,
more convenient delivery modes, fewer toxicities, and,
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consequently, fewer medication side effects than stand-
ard therapy. Observing these treatment benefits contrib-
uted strongly to adoption among participants. However,
targeted therapies were not seen as exclusively beneficial.
The high costs of the therapies were of concern (although
participants acknowledged generous industry subsidies)
as were the side effects patients experience. Although tar-
geted therapies were perceived to have a relative advan-
tage over standard therapy, some questioned whether the
high costs were worth the benefits, as patients may have
better survival or other outcomes, but remain without a
cure. Furthermore, very few patients were eligible for the
treatments. Echoing these concerns and the infancy of
the field, several participants acknowledged that the full
promise of precision oncology has not yet been realized.

Role conflicts were also apparent with targeted treat-
ment delivery. Regarding their professional role and iden-
tity, community oncologists saw their role as changing
dramatically with a greater need to subspecialize, a dif-
ficult transition for those established in practice.

I'm a general medical oncologist. I probably know
some areas better than others but I treat technically
anybody who walks in the door with any type of can-
cer. [Non-rural Oncologist]

[1]t’s very, very hard to be a general oncologist any-
more. The field has exploded with each cancer
almost a unique specialty of its own so increasingly
we will see doctors who only see one type of cancer
because the field keeps changing. [Rural Oncologist]

Beyond treatment decision-making, care delivery also
involved monitoring side effects, treatment adherence,
and disease progression, and this role was filled by dif-
ferent professions depending on the size and capacity of
each cancer program.

Capability domains

For both testing and treatment, the pace of knowledge
creation surpassed all providers’ ability to keep up, par-
ticularly because community oncologists practice as gen-
eralists, creating the need to keep abreast of advances in
all cancer types (Additional file 1: Table S2 for themes
and quotes). Because they so rarely see any one patient
eligible for targeted therapy in their practice, maintaining
current knowledge is difficult. Furthermore, biomarker
discovery often outpaces actionable recommendations;
thus, much information directed to them in the literature
and in testing reports was not relevant for treatment, and
sometimes required expertise they do not have to inter-
pret. Testing required special communication skills, both
with patients and with colleagues from different disci-
plines, to alleviate the perceived untenable knowledge
requirements.
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We have a great working relationship with our
pathology group. They're very open to ...change ...
based on NCCN guidelines and recommendations
as to what they reflexively test for, so...docs aren’t
the ones having to know all this stuff and constantly
be ready to order ALK and ROS and EGFR. Some
things now, if it’s a lung cancer patient, it reflexively
is being performed and sent out by pathology. That’s
also helped speed up the process...So reflexive test-
ing and a relationship with your Pathology Depart-
ment I think is key so that you're getting those things.
[Non-rural Nurse]

NCCN guidelines were frequently mentioned across
interviews as a strategy to promote proficiency, both
for testing and for treatment. CAP protocols regulated
behavior for many pathologists; pharmacists found
board training materials important for informing treat-
ment decisions. However useful, users saw opportunities
to improve these materials to facilitate implementation,
with disease-specific (rather than biomarker-specific)
protocols for testing and standardized results reporting
as additional needs. Although professional society guid-
ance supported first-line testing and treatment decisions,
more standardization of testing protocols, both institu-
tionally, and within guidelines to accommodate second
and subsequent treatment decisions were desired. Some
cancer programs used pathways which embed guideline-
concordant precision oncology into the electronic health
record; others relied on tumor boards for enhancing
knowledge deficits, both of which targeted physicians.
Notably, very few participants reported auditing their
testing or treatment performance, and the recognition of
its absence was described only in the context of testing.

Our data is growing thousands of patients, so we
need someone to spend time to analyze that because
if somebody analyzed those -- and I do that, but it’s
just case by case because I'm the only one. [Non-
rural Pathologist]

Opportunity domains

The organizational and larger policy environments were
not perceived as supportive of testing or therapy, under-
scoring perceived contextual differences in community
oncology programs (Additional file 1: Table S3). For treat-
ment, the cost of targeted therapy created individual and
organizational work. Providers were aware of the sub-
stantial treatment costs and co-payments many patients
face. They perceived the pharmaceutical assistance pro-
grams to be generous in providing drug assistance for
patients who needed it, but participants described staff
with roles and considerable responsibilities primarily
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dedicated to managing drug acquisition, rather than
patient care. Only FDA-approved indications were reim-
bursed by the pharmaceutical assistance programs and
payors, and because of the high cost, made off-label use
costly to the organizations and to providers personally.
Rural and smaller cancer programs had particular chal-
lenges in acquiring targeted therapies for their patients
(Table 3). They perceived greater pre-authorization
burdens, more limitations from their drug wholesal-
ers, fewer reserves to absorb non-reimbursed care, and
fewer staff with expertise in targeted therapy. Larger
cancer programs had their own specialty pharmacies on
which they could draw for drug acquisition. Navigation
programs were seen as important to help patients with
some of these challenges, but it was acknowledged that
these resources were only available for certain cancer
types, leaving other cancer patients’ needs unmet. The
NCCN guidelines were not only used to regulate behav-
ior, but also as a resource to understand what would be
reimbursed. Surveillance of therapy, once it was acquired,
was complicated for those on oral agents, as they had less
scheduled interaction with nursing or pharmacy staff
than those receiving infused therapies, creating concerns
about adherence and side effects.

For testing, reimbursement was also a concern, dictat-
ing not only which test, but which testing platform could
be used, and when testing could be ordered. Providers
acknowledged that only actionable biomarkers were eli-
gible for reimbursement. However, testing faced addi-
tional organizational constraints. Few community cancer
programs had the capacity for in-house genomic testing;
thus, most tests were sent out to reference laboratories,
which were perceived by some to accrue a greater cost
burden to them. Clinical trial enrollment and reflex test-
ing (pathologist-initiated testing) were strategies used
by some sites to mitigate reimbursement challenges and
testing delays, but preauthorization requirements less-
ened the effectiveness of reflex testing. Molecular tumor
boards were seen as very useful in identifying what to test
and how to interpret tests. However molecular exper-
tise was often lacking at community cancer programs, so
industry resources were welcomed.

[Testing company] will help any group coordinate a
molecular tumor board and be on the call and help
review those results. At any time, certainly we could
continue our molecular tumor board without them
but it’s ...been great for us all to learn together and
for their scientists sometimes to hear from the clini-
cian perspective. [Non-rural Nurse]

At least one site not only ran molecular tumor boards,
but also integrated molecular specialists into existing dis-
ease-specific tumor boards.
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When I came [here], I tried to establish a molecular
committee and it was really hard so instead of that
we started attending the Hem Onc meetings. [Non-
rural pathologist]

This interaction in the disease-specific tumor boards
was influential in creating shared understanding of the
tests and treatments appropriate for patient care.

Discussion

We interviewed a wide range of cancer care provid-
ers involved in the delivery of targeted cancer therapy
in diverse community-based cancer programs, includ-
ing those not typically included in precision oncology
implementation research. Like previous studies of aca-
demic and international programs [68, 69], we found
similar capability and opportunity constraints in com-
munity oncology programs. However, our study extends
the existing literature by highlighting a larger range of
motivational determinants that can facilitate but also
slow implementation of targeted therapy and, potentially,
other healthcare innovations. Leveraging these determi-
nants may lessen large institutional investments in clini-
cal decision support currently considered necessary to
meet perceived physician capability deficits.

Across the sample, there was a steadfast intention to
provide targeted therapy to cancer patients eligible for it,
a finding recently replicated [69]. Nonetheless, our study
documents differences in other motivational domains
that may be important, namely concerns about the high
cost—benefit ratio of treatment and role identification of
the professionals involved in it. Testing is perceived to
have societal benefits, allowing for stewardship of costly
treatments, in addition to patient benefit. In contrast,
the benefits of targeted therapies are not as universally
regarded. Although they vastly improve outcomes for the
few patients eligible for them, they do not cure disease,
and costs per dose and per course are perceived to be
high for both patients and for the institutions delivering
them. These beliefs could influence perceptions of who
should bear the cost of organizing coverage. Although
currently pharmaceutical company treatment stipends
are seen as offering the uninsured wider access to tar-
geted therapy, they are cumbersome and contribute to
the additional uncompensated work oncology programs
must provide. Because pharmaceutical companies realize
all the benefits by increasing their market share through
these programs, they could potentially balance the lack
of societal benefit by standardizing copayment programs
across companies, make eligibility criteria explicit, and
broaden qualifications.

To our knowledge, this study is the first to illumi-
nate ambiguity about who should initiate genomic and
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molecular testing for cancer. Our study suggests that
targeted therapy delivery is difficult because it requires
incorporating the new task of genomic test ordering and
interpretation into the work scope of professionals typi-
cally responsible for treatment decision-making, deliv-
ery, and monitoring [70]. Most cancer programs relied
on oncologists to order somatic tests, the purpose of
which is to fully stage the tumor to ensure treatment is
appropriate for the patient. However, because the oncol-
ogists’ role is focused on treatment, the role of staging
the tumormay be at odds with their typical responsibil-
ity. Whereas for pathologists, definitively staging a tumor
falls within existing responsibilities [71]. It also aligns
with their need to allocate scarce tissue optimally, mak-
ing pathologist-centered implementation strategies very
promising. Some sites had instituted pathologist-initiated
test ordering for guideline-recommended tests. Called
reflex testing, automatically ordering one or more sec-
ondary tests based on preset criteria applied to the initial
test, has been demonstrated to have numerous benefits,
including increasing testing rates [72] and identification
of mutations or other molecular abnormalities [73, 74];
reducing unnecessary testing [75, 76], unnecessary care
[77], disparities in care [78], and time to treatment [72,
79]; and improving outcomes [80] and healthcare opera-
tions [81]. It has been shown to be cost-effective [82] and
to reduce costs [83, 84], mainly by focusing on testing for
approved and clinically actionable molecular alterations.
Future studies should consider the effectiveness of reflex
testing to reduce role dissonance among the cancer care
delivery team as well as its impact on patient outcomes.
Our findings further extend our understanding of moti-
vational determinants in that few sites reported monitor-
ing testing and targeted therapy use, making it unclear
whether their efforts were successful or equitable. Most
practices did not have the necessary measurement tools,
staffing, or infrastructure to monitor their own perfor-
mance and thus may not have the performance knowl-
edge needed to regulate their behavior. A limited number
of measures related to genomic or molecular testing and
treatment are available, required by accreditation agen-
cies, and routinely included in cancer registries [85, 86];
thus, support to develop and implement such monitoring
at an institutional level may be needed. Sites used known
strategies for improving individual knowledge and treat-
ment decision support but lacked inter-team processes to
standardize testing across the eligible patient population.
Similar to previous reports, community oncology pro-
gram participants acknowledged knowledge and skill def-
icits in testing and treatment, especially given the rapid
developments in the field [69, 87]. Awareness of targeted
testing and treatment among our sample appeared high,
but participants were less confident in their “how-to
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knowledge” or their ability to apply appropriate knowl-
edge about testing and treatment options in practice
[87]. However, rather than advocate for more education
to fill knowledge gaps, an implementation strategy to
which technology developers often default, participants
in this study suggested institutional-level standardiza-
tion of testing aligned with clinical practice guidelines,
and results reporting and treatment education which pri-
oritizes actionable mutations (i.e., only those mutations
associated with existing evidence-based treatments) to
overcome capability barriers. Others have character-
ized the actionability gaps in precision medicine [69] and
called for research to enhance clinical utility [88]. Our
findings suggest that treatment decision-makers prefer
prioritization of actionable mutations in results report-
ing, consistent with existing reporting guidelines [89, 90].
Thus, opportunities to improve result communication,
consistent with previous research [91-93], remain.

Also similar to prior research, our findings highlight
significant opportunity barriers to targeted therapy use,
namely the high cost of both testing and treatment, that
have long been perceived as implementation barriers [41,
94, 95]. However, our findings also reflect recent transi-
tions in reimbursement which decrease patients’ out-
of-pocket expenses for testing [39, 71, 96], and assign
responsibility for billing to pathology laboratories, shift-
ing incentives for testing from physicians to hospital cost
centers [39], and creating new organizational landscapes.
In addition, we found that most community cancer pro-
grams have made organizational and personnel changes
to ensure the delivery of costly targeted therapy by repur-
posing highly skilled oncology nurses and pharmacists
to manage complicated and time-consuming payor and
industry requirements. Some cancer programs designed
new organizational units to efficiently manage genomic
test procurement, tracking, and reporting. Unlike organi-
zational changes to testing management, whose efficien-
cies may benefit the organization, the addition of new
reimbursement and treatment acquisition roles required
to deliver targeted therapy to un- and under-insured
patients, are not costs that can be recouped. Aside from
potential reputational prestige, healthcare organizations
bear the cost of these activities with little direct benefit.

The fixed cost of these new roles, no matter how
streamlined, can only be borne by practices with high
volume. Likewise, specialized services, such as spe-
cialty pharmacies, which can be revenue-generating
for an organization, are not feasible among low-volume
sites, potentially creating disparities among smaller
community practices. Some rural hospitals have cre-
ated infusion centers to build sustainable revenue and
may be threatened by targeted therapies which can be
administered orally, bypassing their billable infusion
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services. Both smaller and rural programs contrasted
their capabilities and the disproportionate impact of
organizational and policy decisions. Because genomic
testing occurs in reference laboratories, outside of most
community practices, we noted fewer testing differ-
ences than treatment differences among community
practices, suggesting that test-ordering interventions
may be more feasible than treatment interventions
which will require substantial addition of resources
to address. Furthermore, ensuring appropriate test-
ing at smaller and rural community practices could
potentially facilitate care when patients are referred
for treatment at larger community or academic prac-
tices. Nonetheless, the evaluation of precision oncol-
ogy implementation strategies should assess differential
effectiveness among small and rural cancer programs to
ensure benefits are realized equitably.

Finally, our description of the process from multiple
team members’ perspectives, specification of testing and
treatment as two distinct behaviors, and comprehensive
elicitation of all motivational domains adds new under-
standing of the strong facilitators and unique barriers
community providers experience. In particular, our iden-
tification of how determinants of testing behavior differ
from the determinants of treatment behavior is a unique
contribution not only to understanding precision medi-
cine implementation, but also to the field of Implementa-
tion Science. By contrasting the determinants of testing
with those of treatment, we uncovered unique patterns
of determinants and opportunities to respond to areas of
significant delay. Others have distinguished testing as a
process outcome separate from precision medicine appli-
cation [68]. However, specifying testing and treatment
as two separate behaviors, each with their own determi-
nants, allows us to consider the different teams involved
and connect efforts currently siloed in the fields of
pathology and oncology. Although careful specification
of implementation strategies is widely encouraged across
the field [97-99], less emphasis has been placed on the
careful specification of intervention behaviors in assessing
the behavioral determinants which the implementation
strategies are designed to overcome. Instead, most frame-
works emphasize understanding the contexts in which
innovations are implemented. For example, the Consoli-
dated Framework for Implementation Research (CFIR)
emphasizes adapting for context as the key to successful
implementation, rather than a thorough specification of
the behavior to be changed [100]. CFIR is not unique; the
relevance of context is pervasive throughout implemen-
tation determinant frameworks [101]. In a survey valida-
tion of domains identified in the TDF, the Nature of the
Behavior construct was dropped from the Framework
as it aligned statistically as a separate task, apart from
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other determinants [49]. Although Cane, O’Connor, and
Michie adamantly emphasized that understanding the
nature of behaviors is key to analyzing implementation
and other behavior change, they removed the construct
from the TDF. Instead, they included behavior specifica-
tion as one of the 8 steps in intervention design in their
complementary behavior change wheel (BCW) approach
[49]. Influenced by the BCW in a previous study in which
we identified a promising implementation strategy [102,
103], we subsequently have used careful specification of
complex cancer care delivery behaviors to uncover pre-
viously unreported determinants [104], including in
this study. Our use of process mapping, particularly the
swimlane diagram [53, 54], as a tool to specify the behav-
ior may be a unique contribution but should be tested as
a potentially fruitful addition to determinant analysis.

Limitations

Our use of a qualitative study design over a quantitative
design allowed us to identify new motivational domains
that are a key barrier to genomic testing. However, the
initial narrow geographic focus of recruitment and
requirement to share quality measures, as well as the use
of snowball sampling and the small sample inherent to
the qualitative study design, holds potential to limit the
generalizability of our findings. Secondly, although we
presented our findings to community oncologists and
shaped our interpretation by their reactions, we did not
formally conduct member checking [105] to ensure the
credibility of results with participants in this study. Sub-
sequent evidence suggests that the threat to the validity
of these design decision may be low. We subsequently
conducted a national survey of US pathologists (unpub-
lished) which confirmed barriers to genomic testing and
preferred solutions similar to those reported in this study.
A recent study of oncology care teams [69] conducted in
Australia confirms our findings of high motivation to use
targeted therapy in the current era, suggesting differences
in motivation between our study and earlier studies may
reflect changes in trends over time, rather than groups of
providers who hold discordant views.

Our study was designed to elicit barriers and best prac-
tices related to somatic alterations in tumor tissue. It was
not intended to elicit barriers to genetic testing for inher-
ited risk. Hereditary testing typically informs a patients’
prognosis, or risk of disease, whereas somatic alterations
arising in the tumor can determine whether a treatment
will be effective or not. Although some hereditary test-
ing has received FDA approval for treatment decisions,
we did not focus on germline testing. We understood
physicians to perceive these two types of tests to have
different utilities. But because there remains confusion
between prognostic and predictive testing and blurring



Ellis et al. Implementation Science Communications (2023) 4:66

in FDA-approved uses, additional research to assess
understanding of, and concerns about, these two types
of tests are warranted. Finally, our study was designed
to comprehensively elicit a broad range of barriers and
best practices but was not designed to draw compari-
sons between urban and rural programs or large and
small programs. Thus, future research should validate the
differences we observed among a larger sample of pro-
grams. Similarly, the salience of each construct was not
evaluated. Future surveys using representative sampling
could narrow these constructs to those deemed most
important to community oncologists, but implementa-
tion strategies matched to identified determinants should
be compared in prospective trials.

Conclusions

Cancer care providers view precision oncology as the
wave of the future but our study identifies several moti-
vational challenges that could potentially be addressed
through role re-alignment. In addition, opportunity
determinants may differentially impact small and rural
sites. Standardized pathology-initiated genomic testing
may prove fruitful in ensuring patients eligible for tar-
geted therapy are identified, even if the care they need
cannot be delivered at these sites. Finally, behavior speci-
fication may need to be explicitly and routinely included
in the determinant analysis to identify the most promis-
ing implementation strategies.
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