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Abstract

Background: Despite overall declines in cancer mortality in the USA over the past three decades, many patients in
community settings fail to receive evidence-based cancer care. Networks that link academic medical centers (AMCs)
and community providers may reduce disparities by creating access to specialized expertise and care, but research
on network effectiveness is mixed. The objective of this study was to identify factors related to whether and how
an exemplar AMC network served to provide advice and referral access in community settings.

Methods: An embedded in–depth single case study design was employed to study a network in the Midwest USA
that connects a leading cancer specialty AMC with community practices. The embedded case units were a subset
of 20 patients with young-onset colorectal cancer or risk-related conditions and the providers involved in their care.
The electronic health record (EHR) was reviewed from January 1, 1990, to February 28, 2018. Social network analysis
identified care, advice, and referral relationships. Within-case process tracing provided detailed accounts of whether
and how the network provided access to expert, evidence-based care or advice in order to identify factors related
to network effectiveness.

Results: The network created access to evidence-based advice or care in some but not all case units, and there
was variability in whether and how community providers engaged the network, including the path for referrals to
the AMC and the way in which advice about an evidence-based approach to care was communicated from AMC
specialists to community providers. Factors related to instances when the network functioned as intended included
opportunities for both rich and lean communication between community providers and specialists, coordinated
referrals, and efficient and adequately utilized documentation systems.

Conclusions: Network existence alone is insufficient to open up access to evidence-based expertise or care for
patients in community settings. In-depth understanding of how this network operated provides insight into factors
that support or inhibit the potential of networks to minimize disparities in access to evidence-based community
cancer care, including both personal and organizational factors.
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Knowledge diffusion
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Contributions to the literature

� Prior research on network effectiveness has focused on

discreet evidence-based practices. Case studies of network

variability can untangle how and when networks function

(un)successfully and thus identify strategies for

improvement.

� Networks may minimize community disparities by

supporting evidence-informed care close to home and creat-

ing referral access as needed. This study’s multi-method ap-

proach to analyzing narratives highlighted how provider and

patient interactions foster or serve as barriers to these goals.

� Network potential is minimized if they are not activated.

Interventions are needed to bolster network adoption

among community providers, while balancing the benefits

and burdens of increased interactions.

Background
Cancer statistics in the USA portray significant improve-
ments in survival and mortality in recent decades [1–3],
attributed in part to scientific discoveries leading to better
prevention, detection, and treatment [4]. Despite these
successes, improvements in outcomes are not evenly dis-
tributed across the USA patient population [3, 5]. Patients
in rural areas are less likely to receive recommended can-
cer screening, are diagnosed later, and are less likely to re-
ceive guideline-concordant cancer treatment than their
urban counterparts [6–9]. Treatment at high-volume facil-
ities and comprehensive cancer centers is associated with
greater adherence to guideline-concordant and recom-
mended treatment [10–12] and significantly better
cancer-related outcomes when compared to unaffiliated
and low-volume facilities [13–16]. However, access to
these facilities is uneven [17, 18]. Networks that connect
community practices to organizations doing research and
providing high-volume specialty care may reduce these
disparities by addressing barriers providers face to
applying research evidence in their practice. These include
lack of awareness or lack of time to search for evidence
[19–21]. Provider decision-making may also be
constrained by factors outside their control, including in-
surance policies that fail to recognize clinical guidelines
[22, 23] or lack of specialty care referral access [24], even
when evidence-based guidelines call for them [25].
Networks may offset these barriers by creating administra-
tive links and referral access, as well as access to expert
advice. In fact, research has shown that community prac-
tices affiliated with a medical school or cancer research
network provide better access to evidence-based care than
non-affiliated centers [26–28]. This includes better access
to treatments and clinical trials [26, 29, 30].

Despite the potential of networks, research suggests
some variability in network effectiveness when compar-
ing whether patients are more likely to receive a specific
evidence-based practice, such as a recommended treat-
ment or screening innovation, if their facility is part of a
research network compared to patients in non-
networked facilities [31, 32]. Further research is needed
to understand not just whether but how network ar-
rangements lead to evidence-based care for community
patients. Furthermore, research is needed that goes be-
yond the uptake of a single evidence-based practice to
understand a twofold view of network benefits: (1) they
may provide a conduit for advice to providers in com-
munity settings, so that patients can receive evidence-
informed care close to home and (2) they may provide a
referral system that creates access to evidence-based care
in the specialty setting. This study investigated these is-
sues using a case study of a network in the Midwest
USA that connects an academic medical center (AMC),
recognized by the National Cancer Institute for its can-
cer research and treatment, to community practices.

Methods
This study sought to understand not only if the network
created links between settings, but how, when, or why in-
teractions in the network led to evidence-based actions.
Case studies can be descriptive of a phenomenon, but
they can also be explanatory, seeking the answers to
“how” or “why” questions in real-life context, often
employing theory in explanation building [33, 34]. We
employed an embedded single-case study design, which
involves multiple embedded units of analysis within a
single case [33]. The rationale for the single-case design
is that we sought in-depth understanding within a single
network, situated within a common social and
organizational context. The use of multiple sub-units
(i.e., embedded case units) allowed us to study how,
when, or why the network operated effectively in particu-
lar patient trajectories, and in doing so, to identify fac-
tors related to evidence-based care.
Consistent with case study methodology, there was

more than one type of data analysis. Social network ana-
lysis (SNA) is the study of connections between actors
(people, organizations, etc.) in a network. Within the so-
cial sciences, SNA has been applied across various disci-
plines to everything from the study of disease spread to
the dynamics of family interactions. While the objectives
of SNA studies in the social sciences are diverse, all have
a fundamental interest in the identification or measure-
ment of social networks or relationships of people or or-
ganizations. By studying network patterns, we can see
which actors are connected or disconnected, as well as
how things like information move between actors. For
this study, SNA was used to describe which patients and
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providers were connected, including the type of connec-
tion they had, e.g., advice-giving between providers.
Process tracing is a case study method that sequen-

tially traces historical case narratives, including variation,
to understand links between causes and outcomes [35].
For this study, it was used to trace the history of the em-
bedded case units and understand how factors in the
network led to evidence-based actions. Comparative ana-
lysis of the embedded case units and theoretical explan-
ation building (i.e., how does theory help us understand
what is happening in the embedded units) were adopted
for the purpose of understanding variation. Together,
these methods were used to describe if the network
created links between settings and what kinds of links
(SNA), and explain how, when, or why interactions in
the network led to evidence-based actions (process
tracing).
The study followed five procedural steps, as shown in

Fig. 1. Data analysis and interpretation were informed by
Everett M. Rogers’ and Mark S. Granovetter’s theories on
diffusion of innovations and strength of weak ties, which
propose that interpersonal connections (i.e., ties) provide
a way to transfer information and potentially persuade
people to adopt new practices [36, 37]. When individuals
are connected to others who they do not usually interact
with (i.e., people with whom they have a weak tie), they
may gain access to novel information. They may also be
persuaded to change their practice, for example adopting
a new clinical guideline, based on trust in the expertise
and qualification of outside experts [36, 37].
Analysis and interpretation were also informed by con-

structs from relationship-centered care (RCC) [38]. RCC
is a theoretical framework from medical education that
defines the clinician-clinician relationship as requiring
self-awareness, knowledge of other professions, effective
communication, and trust, openness, and humility [38].
It has been adapted to the organizational context to
highlight qualities that support relationships, including
diversity of mental models (capitalizing on different per-
spectives), trust that others are capable and committed,
the use of a mix of “rich” (e.g., in-person and synchron-
ous) and “lean” (e.g., electronic and asynchronous) com-
munication [39]. RCC may help explain the manner in
which community providers and AMC specialists main-
tain their expert positions while developing shared un-
derstanding of the best care for the patient.

Step 1: Case selection
The case was the network, which includes an AMC and
community oncology and primary care practices in the
upper Midwest. Goals of this particular network include
expanding community practice access to AMC expertise
through consultation and promoting seamless connec-
tions to the AMC when needed. The AMC has been

ranked top in the nation in several cancer-related spe-
cialties and is considered a high-volume practice in can-
cers including colon cancer. It is also an NCI-designated
national comprehensive cancer center and employs phy-
sicians and scientists that participate in guideline-
authoring groups including NCCN.
The data were limited to a single disease type in order

to study interactions among a small subset of patients
(hereinafter referred to as “case units”) and their pro-
viders. Young-onset colorectal cancer (CRC) and risk-
related conditions was selected as the disease focus
based on growing attention to incidence and prevalence
[40, 41], the potential to address diagnosis and treatment
in the community setting [42, 43], and the availability of
specialist expertise and care in the AMC that could
benefit community patients and providers via advice or
referrals, including experts in young-onset CRC, family
cancers, and genetics. Some of these experts are involved
in developing evidence-based care pathways for the
AMC or are engaged in national cooperative groups that
develop evidence-based, consensus-driven recommenda-
tions. Community practices are at least 40 miles from
the AMC. To understand factors related to differences
in setting, as well as differences in training or expertise,
we also included primary care practices directly affiliated
with the AMC (referred to herein as “academic primary
care”). The academic primary care practices are geo-
graphically proximal and share an organizational struc-
ture with the AMC.

Step 2: Embedded case unit selection
The case units were selected based on patient character-
istics. As shown in Fig. 2, patient criteria included (1)
age 18 or older; (2) diagnosis at or before age 40 of colo-
rectal cancer, hereditary colon cancer syndromes (FAP,
Lynch, HNPCC), or other factors related to heightened
CRC risk; and (3) medical records for both community
and AMC care or consultation. Age 40 or younger was
selected consistent with ages experiencing large in-
creases in CRC incidence and because those patients
may be most likely to benefit from expertise related to
risk assessment, diagnosis, and care. It is also consistent
with the recommendation that family history taking
begin by age 40. Patient records were excluded if they
did not have research authorization. The subsequent de-
cisions on which records to retain were based on review
to determine adequacy of data. Patient units were ex-
cluded if (1) there were no primary care records avail-
able before diagnosis and (2) there were less than 1 year
of records for review. This excluded those patients pre-
senting only for a second opinion and those presenting
for disease surveillance after being diagnosed at a facility
outside the network. Twenty case units were identified
for in-depth review and analysis (11 women and 9 men).
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Step 3: Data collection and transformation
Records from the first entry after January 1, 1990,
and on which the patient was at least 18 years of
age through December 30, 2018, were extracted for
in-depth review. The term “record” in this study re-
fers to clinical documentation and notes, as well as
patient forms. The median span of records for the
units reviewed was 10 years (range 1.4, 21.1 years).
This allowed for tracing histories for documentation
of early conversations about family history or genetic

testing or counseling referrals. It also allowed for
following some patients post-diagnosis and into sur-
vivorship, which is a period during which patients
may be receiving care in primary and specialty care
settings or transitioning between them.
A narrative was composed for each case unit. A

member of the study team (JLR) reviewed all records
that were associated with a relevant clinical depart-
ment (e.g., primary care, oncology, medical genetics,
gastroenterology), as well as patient forms such as

Fig. 1 Case study procedures
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those documenting health history, in order from old-
est to most recent and identified text related to the
topic of young-onset CRC or risk-related conditions.
This included family history and genetics, symptoms, as-
sessment and screening, diagnosis, and treatment or sur-
veillance. The narrative, arranged chronologically,
summarized the situation and the actors involved. Exam-
ples of narrative passages include the following:

� Patient symptoms and diagnoses, as well as time
from first symptoms to diagnosis

� Communication between providers within and
across settings including communication mode and
whether the communication was related to advice-
seeking

� References to clinical guidelines or other evidence
sources

� Recommendations for follow-up or referral, as well
as the reason for referral

� Notes demonstrating attitudes or beliefs related to
cancer risk, diagnosis, or care

� Instances of care coordination or handoffs between
providers or settings

� References to barriers or facilitators of patient or
provider access (e.g., financial)

Using functionality in NVivo 12 Plus (QSR Inter-
national), narratives were transformed into relational
matrices (i.e., tables of ones indicating a tie and zeros in-
dicating absence of a tie between any two actors in the

Fig. 2 Selection of patients for narratives. * Diagnoses included hereditary colon cancer syndromes (FAP, Lynch, HNPCC), colorectal cancer, or
disease related to heightened risk of colorectal cancer. **Adult patients age 18 years or older. † Criteria include (1) primary care records available
before diagnosis and (2) ≥ 1 year of records for review (excluding patients presenting only for second opinion or surveillance after outside
diagnosis). ‡ Criteria include (1) primary care records available before diagnosis, (2) ≥ 1 year of records for review (excluding patients presenting
only for second opinion or surveillance after outside diagnosis), and (3) subsequent diagnosis or GI-related plan of care (excludes orders that
resulted in no finding related to GI diagnosis). Abbrev: AMC, academic medical center; GI, gastroenterology
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network) for the SNA. Each tie was coded to show the
type of relationship between two actors. These direc-
tional tie types, some between patients and providers,
and some between providers, included the following:
gave eConsult or notes advice to; gave personal advice
to; made referral to; provided community setting spe-
cialty care for; provided primary care for; provided gen-
etics advice to; and provided academic setting specialty
care for. Patient and provider names were removed and
replaced with study identifiers (PT=patient and PA=pro-
vider). “Community setting specialty care” was provided
by oncologists, radiologists, and other specialists who
worked in a community setting and generally provided
care for patients who lived in the local community. They
often served as generalists in their field, e.g., oncologists
who treated a range of cancers. In contrast, AMC spe-
cialty care was often provided by subspecialists, e.g.,
CRC oncologists, or other clinicians with expertise typic-
ally not available in community settings, e.g., genetics.
Definitions of the types of links (advice, referral, and
care) and examples are shown in Table 1. Ties were
identified as eConsults or notes (i.e., lean communica-
tion channels) or personal (i.e., rich communication
channels) because diffusion of innovations and RCC
stress the important of interpersonal communication
and trusting relationships, but strength of weak ties re-
fers to the value of connections between individuals who
are not closely associated and do not interact often.
Identification of lean and rich ties was aimed at under-
standing whether the type of tie mattered in this context.
The network assembled included 20 patients, 226 pro-
viders, and 346 relationships.

Step 4: Data analysis
The relational matrices and narratives served as data
sources for SNA and process tracing. The fundamental
objective in SNA is the identification or measurement of
social networks or ties between people or organizations
[44, 45]. Sociograms are visual representations of the in-
dividuals in the network and their ties. For this study,

analysis began with the generation of a sociogram that
showed how all members of the network were con-
nected. This illustrated which actors were more centrally
located and more connected, and which were on the
periphery and therefore less connected. Next, the re-
searcher generated sociograms displaying the different
directional ties (from one actor to another) described
above, e.g., made referral to, gave personal advice to. In-
dividuals located along the path between two others
were considered to have a central (i.e., strategic) position
to influence the flow of advice or referrals [44, 45]. Indi-
vidual (egocentric) sociograms were also created for each
patient, showing the patterns of all the providers in-
volved in their care, including those who were involved
only in that they provided advice to a clinician caring for
the patient. Egocentric sociograms were subsequently
added to narratives to aid in process tracing analysis. So-
ciograms were created using UCINET 6 and NetDraw
(Analytic Technologies).
Process tracing in this study was aimed at understand-

ing when the network led to evidence-based outcomes.
Evidence-based medicine (EBM) has been defined as the
systematic assessment of evidence (e.g., from syntheses
of high-quality randomized clinical trials), along with
clinical expertise and patient preferences, to make the
best clinical decisions [46–48]. Evidence, often codified
in clinical practice guidelines, helps ensure that care
does not “vary illogically from clinician to clinician or
from place to place” [49]. Cancer clinical guidelines out-
line best practices such as when patients should receive
preventive screening, when healthcare providers should
make referrals for suspected cancers, what first-line
treatments are recommended based on disease charac-
teristics, and how pain and fatigue can be best managed
[50]. Outcomes in this study were defined as evidence-
based when documentation referenced clinical guide-
lines, emerging science from clinical trials, or an expert-
informed action or course of care. Our definition of
evidence-based did not intentionally omit patient values
and preferences, which may have been involved earlier

Table 1 Definitions of link types and examples

Link Definition Example scenario

Advice Link between two providers where the purpose is to ask for advice
about the best-evidence approach, either using lean or rich commu-
nication channelsa

A community primary care provider submits an eConsult to an
expert in the AMC for help interpreting screening guidelines for a
young person with a strong family history of colorectal cancer but
no other risk factors.

Referral Link between two providers where the specialist referral is the
evidence-based approach, or the specialist is engaged to provide
evidence-based care

A community-based oncologist refers a patient to the AMC to have
a consultation with a specialist in young-onset colorectal cancers or
to get treatment only available through a clinical trial at the AMC.

Care Link indicating that the patient is receiving primary care or specialty
careb

A patient receives primary care from several different clinicians in
her local community setting. She also travels to the AMC to have
two face-to-face meetings with an expert in family cancers and
medical genetics.

aIn this study, lean communication channels are text-based and asynchronous, while rich communication channels are verbal and synchronous
bCare includes in-person visits as well as direct provider-patient communication, e.g., through a patient portal
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or later in the decision-making process; rather, it is
meant to describe the availability of evidence or the
process of seeking or understanding it that could be
expected through networks.
Analysis was guided by a process tracing framework,

displayed in Table 2, which outlines two paths to
evidence-based outcomes that may be created through
a network such as this one. First, the network may
create access to novel information through advice
links with experts in the AMC. Second, the network
may create access to referrals. While patients may get
a referral to the AMC without being a part of the
network studied here, benefits of a network in this
context are that referrals may be administratively eas-
ier (e.g., in terms of pre-approvals) and providers may
have access to shared records. The network may also
create situations where a referral is coupled with op-
portunities for advice or other types of personal con-
nections between providers, which would be unlikely
without network arrangements.
The pathways were informed by the theoretical per-

spectives: diffusion of innovations, strength of weak ties,
and RCC. In the context of young-onset CRC, commu-
nity providers may be less familiar with the nuances of
screening recommendations for patients under 50 (in-
cluding knowledge of genetic or familial risk factors).
Credible AMC experts, with whom community pro-
viders may have only weak links, may be best positioned
to provide novel information. Furthermore, the interper-
sonal nature of connections is posited as being able to
change attitudes, e.g., about evidence-based screening.
Relationship-focused theories like RCC also hypothesize

that provider-provider relationships—especially hierarch-
ical ones—require self-awareness, trust, openness, and hu-
mility [38, 39] and that opportunities to collabore can lead
to information sharing and shared mental models [39, 51].
In this study, providers may build a shared understanding
of the best-evidence treatment options by valuing the ex-
pertise of both parties—including the knowledge of

primary care providers (PCPs) who manage overall patient
care—through communication and negotiation.
Using NVivo and methods of qualitative content ana-

lysis, text from each narrative was coded to a coding
structure based on the elements of the process tracing
framework, including codes for evidence-based out-
comes as defined above. Codes were also created to fa-
cilitate queries related to the theoretical perspectives:
e.g., attitudes toward innovation/evidence (diffusion of
innovations); trust in the expertise of outside experts
(strength of weak ties); and mutual respect (RCC). For
each narrative, the study team reviewed pathways to an
outcome identified as evidence-based (as defined above).
They also considered the relationship of actors as por-
trayed in the sociograms. Between-case analysis was
adopted for the purpose of understanding variation
among the narratives and identification of factors related
to successful network function. Analytic memos were
written to summarize reflections.

Step 5: Data integration and interpretation
Joint displays that portray findings side-by-side provide
structure for integration of mixed methods [52]. For this
study, the results of SNA and process tracing were con-
sidered side-by-side to assess how their unique contribu-
tions informed greater understanding and interpretation
of the case findings. More specifically, the results were
summarized in a matrix to facilitate team discussion and
reflection. Matrix rows represented questions from the
study, including the following: What types of links did
the network create between generalists and specialists,
e.g., referral or advice? When and how did the network
function in impact outcomes? How does theory explain
these findings?
Where process tracing was used to understand poten-

tial mechanisms of individual case units (i.e., within-unit
analysis), this data integration and between-case inter-
pretation involved identifying more generalized pathways
using existing theory as a guide and explanation building

Table 2 Process tracing framework

Network
factor

Pathway 1: Advice Pathway 2: Referral

Cause Provider access to novel information or specialist advice
Potential for multidisciplinary interactions

Patient access to specialized treatment or consultation
Potential for multidisciplinary interactions

↓ ↓

Mechanism Change in provider knowledge or attitudes related to evidence-
based assessment or care
Trust in expertise and opportunities to create shared understanding
of best-evidence care

Organizational links to referral systems and shared infrastructure,
including clinical notes
Effective communication and capitalizing on varied expertise

↓ ↓

Outcome Patients receive best-evidence screening, timely diagnosis, and best-
evidence treatments close to home

Patients receive best-evidence consultation and treatment and
care is coordinated across settings
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for situations where similar situations had different out-
comes. The combination of individual unit explanation
and generalized theoretical pathways is a strength of
combining these methods and is consistent with calls for
the use of mixed methods in SNA in order to build bet-
ter explanations of networks [53]. Analytic memos were
written to summarize reflections.

Results
SNA results
Network advice links are important because they can dif-
fuse expertise to the community setting, allowing pa-
tients to receive best-evidence care close to home. The
sociograms showed that the network did diffuse expert
AMC advice, but advice connections were fewer in the
community setting (Fig. 3) than the academic setting
(Fig. 4), as shown by the prevalence of connections from
blue to red or yellow nodes. Furthermore, when AMC
advice was diffused to the community setting, it typically
flowed from the AMC, through a community specialist,
and then to the community PCP.
There was also variation in advice modes. In contrast

to the academic setting, asynchronous advice (e.g.,

eConsults or EHR notes) from AMC specialists to com-
munity providers was rare, even though technology-
mediated advice is a benefit to geographically dispersed
networks. More common was synchronous advice (e.g.,
telephone) from AMC specialists to community special-
ists, followed by synchronous advice from community
specialists to community PCPs.
Network referral links are also important because best-

evidence care is sometimes to a high-volume or expert
setting. This study found that the network opened up ac-
cess to AMC specialty care for most community patients.
Figure 5 includes care and referrals links for patients in
community settings. Blue connections represent care that
community patients got from AMC specialists. Directional
arrows between providers represent provider-provider re-
ferrals. They demonstrate that community PCPs made
direct referrals to AMC specialists, as well as referrals to
community specialists. Referral pathways did not typically
go from a community PCP through a community specialist
on the path to the AMC specialist. This suggests that
while community specialists played a key role in advice
and knowledge diffusion, referrals sometimes circum-
vented community specialists on the way to the AMC.

Fig. 3 Sociogram of care and advice relationships in the community setting
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Fig. 4 Sociogram of care and advice relationships in the academic setting

Fig. 5 Sociogram of care and referral relationships in the community setting
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Together, advice and referral findings highlight the
issue of individuals’ centrality. Centrality among pro-
viders may indicate effective mediation or coordin-
ation if they relay information between specialists and
patients or coordinate referrals for specialty and
follow-up care. On the other hand, central positions
may signify gatekeeping if the individual does not fa-
cilitate care, advice, or referral but rather interrupts
it. Centrally positioned patients may play a unique—
and potentially problematic—role if they are in charge
of information exchange between providers. While
this keeps patients in the loop because information
flows through them, it places burdens on patients and
minimizes knowledge diffusion between providers,
which is a goal of networks.

Process tracing results
In terms of the first (advice) pathway, process tracing
identified variability in PCPs’ documented knowledge
of the evidence-based approach (e.g., outlined in clin-
ical guidelines) in situations that involved symptoms
like rectal bleeding or risk-based cancer screening, as
well as variability in whether or how soon they acti-
vated the network for expert advice. When activated,
the network served to provide advice on evidence-
based care, including guidance on cancer screening
recommendations. There were situations where this
advice was not only novel but corrected misinforma-
tion. This was the situation when a PCP queried ad-
vice from an AMC specialist even though he thought
he understood the screening guideline; the specialist
was able to correct the recommendation by providing
additional expert interpretation of the screening
guideline. In another example, a PCP sent an eCon-
sult to a specialist because he was confused about
how to interpret colonoscopy results, in light of the
patient’s family history. The clinical note documented
his need for the specialist’s expertise to assist in de-
veloping the appropriate care recommendation. In
contrast to the limited numbers of situations where
community PCPs directly reached out to AMC spe-
cialists for advice, community specialists regularly
documented consulting AMC specialists for advice.
Process tracing also highlighted the potential of lean

communication channels for advice between the AMC
and community setting providers. In the academic
setting in particular, PCPs used eConsults as an effi-
cient way to get AMC specialist advice. Effective lean
communication between and across settings also oc-
curred when providers read each other’s notes. Spe-
cialist documentation provided an electronic advice
“paper trail” for other specialists or the PCP. For two
patients, there was no interaction between the com-
munity specialists and the genetics specialist in the

AMC, but the community specialists documented
awareness of the genetics consult advice via EHR clin-
ical notes. However, there was also evidence in nearly
half of the case units that the existence of notes in
the EHR was not in and of itself cause for clear com-
munication of advice or closed-loop referrals or
follow-through. Many of these failures occurred when
providers did not appear to be aware of documenta-
tion that may have informed care. Incorrect patient
self-reports further obfuscated documentation in the
record. Other communication failures were related to
difficulty in accessing or summarizing information
stored in the record, especially when information was
documented in individual visit notes or portal mes-
sages with patients.
In terms of the second (referral) pathway, process tra-

cing found that the network provided referral access in
13 of the 20 patient units, based on EHR documentation
of referral as the recommended course of care. In two
additional case units, the network opened up access
through patient self-referral. In most narratives, the re-
ferral was for an evidence-based action, e.g., consultation
with gastroenterology or medical genetics specialists
who informed best-evidence screening recommenda-
tions. For those with a CRC diagnosis, it also included
best-evidence treatment regimens not available in the
community setting and informed by multidisciplinary
AMC expertise. The network did not, however, consist-
ently open up access to specialty referrals for all patients,
and there is evidence that not all providers used the
same threshold for referral (e.g., referral for genetics
consultation). Some notes and messages suggest that pa-
tients, at times, advocated for referrals. When a referral
to AMC specialty did not involve all of the community
providers, there was often evidence of confusion about
next steps for follow-up.
Communication about follow-up is critical for high-

quality, coordinated care, but detailed referral com-
munication can also serve as a method of expert
knowledge diffusion. While not the same as the net-
work advice pathway described above, when commu-
nity providers were exposed to the evidence-based
decision process used by AMC experts, e.g., syn-
chronously via real-time access to e-tumor board dis-
cussions or asynchronously through clinical notes, it
created a potential opportunity for learning. In one
narrative, the AMC gastroenterology specialist out-
lined in her clinical note the four multidisciplinary
specialists whose expertise could help determine the
best course of care, the reasons for consulting each,
and the outcome of these discussions. That clinical
note—if read by the referring provider—could inform
future patient care in the community setting, even
without a direct advice link being activated.
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Mixed methods interpretation
The SNA and process tracing results provided comple-
mentary insights into how the network functioned. The
SNA showed (dis)connections and highlighted patterns
in advice pathways. It also portrayed patterns by com-
munication mode, i.e., whether the advice link used a
lean (i.e., electronic) or rich mode of communication.
Visual sociograms identified patterns that may not
otherwise have been recognized.
The process tracing provided nuanced understanding of

conditions when ties were activated, e.g., when a provider
documented needing expert advice to interpret a clinical
guideline. Furthermore, where SNA identified the central
position of specialists in advice links, process tracing
added context for whether and when providers or patients
were (in)effective knowledge brokers. Process tracing also
provided context for different referral decisions,
highlighted the role of patient advocacy in some referrals,
and illustrated how failure to formalize referrals resulted
in fragmented care coordination and confusion about the
best evidence course of care. Together, these findings sug-
gest factors related to network success, i.e., factors whose
presence or absence appears related to whether the net-
work opened up access to evidence-based care based on
advice or referral, as shown in Table 3. However, they also
highlight that, along a patient trajectory, there are multiple
points at which evidence-based outcomes may be dis-
rupted. For example, in one narrative, the patient was re-
ferred to a medical genetics specialist at the AMC because
of her strong family history. That referral was the
evidence-based approach to risk assessment for someone
with her clinical situation. However, subsequent failures in
the way the specialist’s screening recommendation was
conveyed to the PCP disrupted an evidence-based ap-
proach to screening in the community setting.

Discussion
Networks are a promising strategy to address commu-
nity cancer disparities because they provide access to ex-
pert advice and care. This study found that an exemplar
network created advice and referral opportunities lead-
ing to evidence-based care in many but not all situations.
However, the significance of this study rests with this vari-
ability. In allowing for identification of more and less

successful network function, it provides insights into fac-
tors that, when addressed, may potentially lead to care
that is patient-centered, evidence-based, and coordinated.
Advances in complex fields like genomics, along with

the complexities of treating cancer alongside multiple co-
morbid conditions, pose challenges for community pro-
viders [54]. A network benefit is that community
providers can go to specialists when they need informa-
tion or advice, rather than needing to maintain awareness
of complex specialty information on their own. While this
study identified many advice connections, it also identified
variability in whether or when they were activated. Failure
to activate network links suggests there are remaining
challenges to network awareness or related costs in the
time and effort to activate it. Education related to the
availability of expertise may be necessary to increase its
utilization. Most importantly, development of these rela-
tionships requires time that many PCPs may lack.
Networks should also create opportunities for lean

communication channels, especially on topics such as
risk assessment or recommended screening, where asyn-
chronous advice may be sufficient. However, in addition
to lean and asynchronous communication methods, op-
portunities for in-person or real-time electronic interac-
tions may help build a culture that showcases the
diversity of available expertise to network members, e.g.,
educational seminars or case review sessions. Social net-
works are in fact critical to the types of interpersonal in-
fluence that impact innovation adoption, especially
across professional groups. However, these types of per-
sonal connections are time and resource intensive, espe-
cially in a geographically dispersed and financially lean
environment. Assessment of network links also
highlighted the role of brokers. Community specialists,
in particular, were often able to help broker expertise
between AMC specialists and community PCPs. Given
the geographic spread of the network, this method of
knowledge diffusion from specialist to specialist may be
efficient and lessen the burden on PCPs, especially if
community specialists know enough to effectively facili-
tate an appropriate level of information flow.
Problems arose when patients were designated as bro-

kers. Engaging patients in conversations and decisions
about their care is critical. However, this study found
challenges when patients were put in charge of commu-
nication and coordination between their providers. Sys-
tems that allow transparency of information flow
between all parties—e.g., shared medical records that are
available to patients through online patient portals—
have potential to ensure all members of the team, in-
cluding patients, have the same level of information.
Similar to activation of advice connections, providers

need to know what types of referrals are available and
when they are appropriate, and the network can serve a

Table 3 Factors related to successful network function

• When community providers recognized the need for AMC advice or
referral and knew how to activate the network (directly or through a
community specialist)
• When opportunities were available for lean and rich communication
• When centrally-located providers effectively brokered information be-
tween other providers and between other providers and patients
• When referrals had adequate information sharing and follow-through
• When all providers were formally included in advice and referral links
• When providers had time and gave attention to documentation, and
when documentation was easy to access or summarize
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triage function in this regard. Triage systems such as
eConsults can ensure referrals are used appropriately,
minimizing burden on the system and patients. A recent
study of eConsults in a safety-net system found de-
creased need for face-to-face consultations and reduced
average per patient per month costs with specialty eCon-
sults [55]. Ability to access documentation is critical to
lean methods of information sharing. This study found
that the network was effective when all providers (and
the patient) were aware of decisions. In contrast, com-
munication gaps often resulted in closed loop failures
when no one was in charge of ensuring recommended
follow-up. Not only did such referrals leave some pro-
viders unaware of clinical decisions, they hindered the
potential for community providers to gain additional ex-
pertise, a benefit of network diffusion.
In this study, network failures occurred when pro-

viders did not access documentation that might have in-
formed care, including documented cancer family
history. Better genetic family history taking may improve
identification of high-risk patients [56], but electronic
systems need to support that. EHR-supported family his-
tory information/triggers may be especially important in
the primary care setting, where change in provider as-
signment may be common and where providers fre-
quently operate as members of a care team. If lean
communication is an important strategy in geographic-
ally dispersed networks, electronic systems must make it
efficient for providers to access documentation, and pro-
viders must have ample time to create the detailed docu-
mentation that supports information diffusion.

Strengths and limitations
This case study design had several strengths including
the use of multiple methods to build a more complete
picture of the phenomenon, which is consistent with
calls for greater use of mixed methods in SNA [53].
Methods of triangulation also provided an opportunity
to assess the consistency of findings from the different
methods [57]. Use of existing EHR data for the SNA
minimized respondent burden and recall bias typically
associated with SNA questionnaires. This study was also
novel in creating SNA matrices from narratives. This ap-
proach provided detailed insights otherwise unavailable
in administrative data. Billing data, for example, demon-
strate care patterns but omit advice networks or referrals
that do not result in a billable visit. Our method also
retained the underlying qualitative narrative, so we could
return to it when exploring relationships in a sociogram,
for example. This type of small, in-depth qualitative
SNA may complement the growing number of studies
that leverage large datasets for SNA of shared patient
care [58–60]. The range of included outcomes was also
a strength. Existing network literature tends to focus on

discrete evidence-based practices after diagnosis, such as
receipt of a particular cancer treatment. However, the
trajectory of young-onset CRC provides several points
(from risk assessment through survivorship) where ac-
cess to a network could improve care. Considering a
broader range of outcomes allowed understanding in
this disease context, which is practically similar to many
disease contexts.
There are limitations of this work. It involved a single

network, which limits the ability to generalize to other
settings. Further research is needed to assess whether
there are other important contextual factors that impact
network function. Furthermore, the SNA did not include
full enumeration of network connections, limiting the
ability to generate network statistics that could identify
subgroups or characterize network structure. This work
also presents the social network as cross-sectional, al-
though actors joined the network at different times. Fu-
ture longitudinal analysis of a fully enumerated network
could provide important insights into how the network
has changed over time. Finally, the case unit selection
procedures excluded patients who did not receive any
care in the AMC, and therefore may have excluded some
that could yield rival explanations. Future research could
provide insights into case units where patients are com-
pletely unconnected to the AMC network.

Conclusion
These findings suggest that the network created oppor-
tunities to reduce cancer disparities in community set-
tings, but development of the network alone did not
ensure access to advice or referrals. Full implementation
and uptake of the network is necessary to leverage its
potential. The identification of factors related to network
success in this study provide some evidence for action-
able recommendations on how to improve networks so
that they serve the purpose of eliminating disparities in
community cancer care.
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