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Introduction

The complicated nature of thoracic malignancies, specifically 
of lung cancer, esophageal cancer and complex diseases 
such as mesothelioma, thymic malignancies and pulmonary 
metastases of other malignancies mandates a unique level 
of care coordination. Lung cancer, the most common 
thoracic malignancy, is the most common cause of cancer 
death in men and women (1); survival is generally stage-
dependent (2,3); but, within-stage variability in outcomes 
exists for reasons that are not completely clear (4,5). 
Multiple providers are involved in care, including a myriad 
of specialists. The expansion of available diagnostic, staging, 
and treatment options means that clinicians must choose, 
from a widening array of possibilities, the correct and most 
appropriate next step for the cancer patient at hand. Time 
is a perishable resource. Physicians are under constant 
pressure to be time efficient (‘see more patients!’), and 
negative patient-centered implications of treatment delay 
raise expectations for timely and efficient care management.

The complicated nature of lung cancer care-
delivery, rationale for better care coordination

The public health burden of lung cancer is well documented. 
Worldwide, 1.6 million patients are diagnosed and almost 
1.4 million die every year from this disease (6). In the 
US, where the incidence is slowly decreasing, 230,000 
individuals are diagnosed and 160,000 die annually, and 
lung cancer accounts for 28% of all cancer deaths. This is 
as much as breast, colorectal, pancreas and prostate cancer 
(the next four most lethal cancers) combined (1). Over the 
past four decades in the US, the overall 5-year lung cancer 
survival rate has improved from 12% to 17% (7). This 
survival rate is expected to improve over the next decade 
with the implementation of effective population-based 
screening programs, and dissemination of more effective 
treatments (8,9). However, acceleration of this expected 
improvement in population-based outcomes requires a 
framework for effective and timely implementation of new 
discoveries. Therein lies both danger and opportunity. 
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Lung cancer care is complicated. The disease is common, 
lethal, afflicts patients with significant age- and tobacco-
related comorbidities, diagnosis and proper treatment 
require access to relatively inaccessible tissue in the lungs 
and mediastinum. Furthermore, survival and treatment 
selection are heavily dependent on disease stage, but 
accurate determination of stage is difficult, hence the 
thoroughness of staging is hyper-variable, leading to well-
described disparities in stage-stratified survival (4,5,10-14).  
Further compounding the complexity of the care-delivery 
problem is the rapidly expanding armamentarium of 
diagnostic, staging and treatment interventions, any 
of which may or may not be appropriate for specific  
patients (15-18). 

Finally, each of the diagnostic, staging and treatment 
options involves different types of providers with 
different training, skillsets, and practice cultures. Involved 
clinicians in lung cancer care include primary care 
providers, emergency room providers and hospitalists 
(who control the portal of entry, namely the radiologic 
identification of the presence of a potentially malignant 
lung lesion); radiologists (diagnostic, interventional, 
nuclear radiologists); pulmonologists; thoracic surgeons; 
pathologists; medical and radiation oncologists; palliative 
care specialists; gastroenterologists; and nurses. It is 
not surprising therefore that patients and caregivers 
feel overwhelmed by the experience of seeking care for 
lung cancer, and frequently misunderstand the goals of 
management (19,20). 

For all but the earliest stages of disease, multimodality 
therapy is the rule, not the exception. A large proportion 
of patients who undergo surgery for lung cancer today 
are candidates for pre- or post-operative adjuvant 
chemotherapy, or combination chemo-radiation, and almost 
a third of patients present with clinical stage III disease for 
which definitive combined modality chemo-radiation, or 
tri-modality therapy is recommended. Even patients with 
stage IV disease who receive chemotherapy benefit from 
early active involvement of palliative care specialists (21). 
Thus, the paradigm for thoracic oncology care today is truly 
multidisciplinary from diagnosis to treatment. Reflecting 
this reality, the National Comprehensive Cancer Network 
(NCCN) guidelines begin with a specific recommendation 
for prospective multidisciplinary decision-making (22).

The end result of this complex care-delivery challenge 
is the well-described delay in provision of definitive care, 
and delivery of sub-optimal (and sometimes, frankly, 
inappropriate) care (23-25). Although the timeliness of care 

delivery has never been directly correlated with survival  
(26-28), delayed care in the face of a potentially life-
threatening problem is a noxious experience for patients and 
their caregivers (20). Time is a perishable resource. Delay in 
care is a negative patient-centered outcome.

Defining the three models of care 

Serial referral care

The standard method of cancer care involves serial referrals 
to specialists, one at a time. Additional referrals are 
recommended as the patient progresses through workup 
and treatment. This method is the least time efficient as 
it often takes weeks (to months) for patients to complete 
visits to all the necessary consultants involved (23,25,28). 
This approach often does not result in the correct 
choice of treatment plan (29,30). Either non-guideline-
adherent therapy can result or, just as bad, the sequence of 
appropriate treatments may be incorrect as each specialist 
uses their familiar modality as the patient comes their 
way. Patient satisfaction is worst with this approach as the 
patient goes to multiple locations at different times over a 
long interval, and may hear along the way that perhaps the 
treatment just rendered was not “optimal” (20).

Conference-(tumor board) centric model of 
multidisciplinary input

A tumor board can be an efficient platform to offer 
integrated multispecialty care. If patients are presented 
prospectively, before any treatment is begun, then a 
consensus can be reached on the treatment plan and its 
sequence. The timeliness of care problem may not be 
solved with this approach, as patients still need to make 
multiple visits over a prolonged period of time. Because 
they are not directly involved in the process, patients may 
not be aware of the existence of this forum. Thus, despite 
the possible generation of consensus, patient satisfaction 
may suffer in this model because of diagnosis and treatment 
delays and feeling of disjointedness in care-delivery. Because 
presentations are made without active interaction with the 
patients, decision-making is somewhat abstract, and the 
quality of recommendations relies heavily on the quality 
of the case presentation. Finally, close oversight of the 
post-discussion care is necessary, to ensure that it does not 
deviate from recommended management, which can dilute 
the patient benefit (31). 
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Group clinic model of multidisciplinary care

This requires a centralized cancer care space within which 
providers concurrently interact with patients and their 
caregivers in real time. A dedicated physical space with in-
person interaction is optimal, but a virtual group clinic 
facilitated by audiovisual telemedicine infrastructure is 
a potentially feasible variation, so long as patients and 
key specialists are able to interact at the same time. Care 
coordination is regarded by patients and referring doctors 
as a key component of good cancer care. As cancer care 
increasingly involves multimodality staging and treatment, 
the ability to accommodate all team members at one time in 
one place is a value increasingly recognized by patients and 
physicians. Multidisciplinary cancer care clinics seem to be 
the optimal expression of this approach to cancer care. 

System navigation is especially valued by patients and 
their families (32,33). The availability of dedicated staff 
to explain the care process, the steps in diagnosis and 
treatment, and guide patients and caregivers through 
the physical locations of care delivery is crucial. The 
multidisciplinary, unified cancer care approach enables 
centralized, easy access for patients into the cancer care-
delivery system (33). The goal should be to achieve 
consultation within a designated short timeframe from 
initial contact, and ultimately to expedite the onset of 
treatment (24,34). A dedicated cancer center space with 
a unified, strategic multidisciplinary team approach and 
healthcare system navigation facilitates longitudinal care 
throughout the course of the patient’s cancer care journey, 
from the time of diagnosis, through survivorship, up to the 
end of life. This continuity of care is significantly inhibited 
when care is fragmented across multiple sites or discordant 
teams. The geographic identity allows the patient the 
sense of one-stop shopping for their cancer care which 
fosters convenience and peace of mind (20). The key to 
this approach is the implementation of a system in which 
practitioners revolve around the patient concurrently. This 
gives patients and their caregivers the feeling of a unified 
team approach and consensus around the care plan. This 
model expedites the consultation process, cutting the 
sequence of visits and the delays to receipt of definitive care 
from ‘weeks to months’, down to ‘days to weeks’.

Critical structural considerations include a group clinic 
space with entrance separate from, but physical connected 
to, the treatment areas. The use of “pods”, versatile, 
multi-functional, and reconfigurable space units, allows 
accommodation of more than one specialty or disease 

specific group, thereby containing infrastructural cost and 
allowing for growth. Some have developed cancer centers 
with the radiation oncology facility, chemotherapy infusion 
centers and various physician offices located within the 
same physical building. This facilitates patient movement 
between consultations, chemotherapy infusion and radiation 
treatments. It also allows the clinicians to participate in 
multidisciplinary case conferences and clinic with the 
minimum of work schedule disruption. Such physician 
offices may be permanent or time-share spaces. 

Cancer support services such as genetics counseling, 
psycho-oncology, social work, dietary, and pastoral care 
are also important considerations. In addition to technical 
innovation and excellent clinicians, patients often seek 
access to clinical trials. Multidisciplinary care clinics are 
an ideal environment within which to provide this service, 
which has been identified by the NCCN and the National 
Cancer Institute as the best form of cancer care (‘the best 
care is a clinical trial’). The main drawback to this model 
of care delivery is the required investment: time, effort, 
infrastructure, and resources, all of which require a high 
level of institutional leadership commitment.

Quantifying the value: the evidence for and 
against multidisciplinary care

A paucity of data

Although much recommended by experts and specialty 
groups (22,34-36), the penetration of multidisciplinary 
care into clinical practice is very shallow. With a few 
notable exceptions, this implementation gap is extreme in 
community care environments, where approximately 80% 
of lung cancer care is delivered in the US. Even in academic 
and managed care delivery environments, the use of 
multidisciplinary care varies significantly in both penetration 
and format. This gap between expert recommendation and 
actual clinical practice probably has a multifaceted aetiology. 
A key likely cause is the relative paucity of high-quality 
studies establishing the value of multidisciplinary care over 
the traditional serial care model; and the near-total absence 
of scientifically rigorous implementation studies to teach 
how to deploy it. 

There are no good studies comparing the various 
subtypes of multidisciplinary care delivery, therefore the 
definition of ‘multidisciplinary care’ remains somewhat 
ambiguous.  Most efforts to quantify the value of 
multidisciplinary care have focused on the timeliness of care 
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delivery and the rate of guideline-concordant care, or use of 
certain treatment modalities, such as surgery or multi-modal 
care (37-42). The few studies that have examined the impact 
of the multidisciplinary model of care on patient survival 
have reported mixed results (38,43,44). However, most 
studies have had major methodologic limitations (45,46). 
There are no randomized controlled model-of-care-
delivery trials. Most studies have been single institutional 
retrospective analyses of processes and intermediary 
outcomes in patients before and after implementation of 
(variably defined) multi-disciplinary care programs. The 
multidisciplinary teams usually had no standard definition 
and often lacked key specialists (37). 

The enormity of the implementation gap suggests 
the existence of additional obstacles to the successful 
deployment of the multidisciplinary care model, beyond 
the paucity of supportive evidence. Such obstacles may 
be broadly classified as legal, economic, political and 
cultural. In the US, the legal framework for establishing 
multidisciplinary care is uncertain. Federal statutes such as 
the anti-kickback law and Stark laws prohibiting self-referral 
are often cited as major obstacles to the establishment of 
multidisciplinary care programs. There are also concerns 
about the medico-legal implications of the decisions made in 
such an environment. Who is legally liable when things go 
wrong? In one extreme view, the answer could be ‘everyone 
involved in the decision-making process, including those 
who never directly interacted with the patient’ (47). 

The efficiency of care within the multidisciplinary 
environment is a concern to clinicians under a reimbursement 
formula based predominantly on the volume of care delivery. 
An oft-cited reason why the multidisciplinary care model 
cannot gain traction in community-level institutions is that 
practitioners operate in a world in which ‘time is money’. 
Most practitioners indicate that they can turn around 
clinic visits faster within their usual care environment 
than within multidisciplinary clinics (48,49). There is 
financial risk involved in expending time in a collaborative 
decision-making environment in which loss of direct 
control over care-delivery may dilute the opportunities for 
reimbursement per case. There are also potential concerns 
about the disruption of preceding referral networks, loss of 
physician autonomy, and uncertainty about the process for 
handling clinician dissent (47). This can lead to significant 
discordance between multidisciplinary recommendations 
and actual clinical practice, with potential dilution of the 
value of multidisciplinary care (31).

Therefore, there is a critical need for scientifically 

rigorous comparative model of care-delivery studies, which 
will quantify the value of multidisciplinary care, followed 
by dissemination and implementation studies to provide 
blueprints for successful model deployment. Such studies 
must take a multi-stakeholder perspective, because the 
definition of optimal care delivery perforce depends on 
the stakeholder’s point of view. For example, patients may 
value survival impact and timeliness of care, caregivers may 
value the efficiency of care (which, for example, reduces 
the number of tests and doctor visits which interrupt their 
employment situation), healthcare insurance executives 
might be most concerned about the cost-effectiveness  
of care. 

It is therefore important to define the key stakeholders 
in care delivery. Key stakeholders include patients, their 
home caregivers, patient-advocates, clinicians (referring and 
involved specialists), healthcare executives (who provide 
the environment of care-delivery), insurance company 
executives (who have to pay for the care delivered), large 
corporations (which buy health insurance coverage for 
employees as significant expense) and health policymakers (50). 
Each of these stakeholders’ perspectives must be considered 
in order to rigorously compare the models of care delivery. 
Differences in perspectives and priorities must be reconciled 
before innovative and effective care delivery models can be 
sustainably disseminated and implemented.

Benchmarking care-delivery

Defining successful implementation therefore requires 
the adoption of multifaceted, stakeholder-meaningful 
benchmarks. It is not sufficient to claim the existence of a 
‘multidisciplinary care program’. There must be standards 
required to avoid the use of this term as an empty marketing 
ploy. Such benchmarks may be structural, such as defining 
the minimum-required involved specialists, the minimum 
frequency of formal multidisciplinary interaction, mandating 
a process of careful data collection and analysis to quantify 
patterns and outcomes of decision-making. Process of 
care benchmarks might include the rates of deployment of 
guide-line concordant care, use of optimal staging methods, 
surgical resection, stage-appropriate treatment selection, 
and the concordance between recommended and actually 
delivered care. Outcomes benchmarks might include 
survival, timeliness, and patient-reported endpoints such as 
satisfaction with the care experience. It is entirely possible 
that the multidisciplinary care model is superior in certain 
domains, and inferior in others. Comparative effectiveness 
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studies therefore have to incorporate multiple domains of 
quality care in order to provide meaningful evidence with 
which to quantify the value of each care delivery model. 

Measuring the impact of multidisciplinary 
cancer care

The ultimate goals of multidisciplinary care must be 
to improve patient-centered outcomes and the cost-
effectiveness of care. Reliably measuring these primary 
goals is extremely difficult. However, this is a dragon that 
health services researchers, program administrators, and 
healthcare policymakers must slay if there is ever to be a 
groundswell of support across the land for the disruptive 
change that effective multidisciplinary care programs 
represent. Goals such as improved survival, decreased cost 
of care, improved patient satisfaction, improved appropriate 
use of palliative and hospice care, and accrual to research 
protocols are all reasonable. Some of these can be measured 
more easily than others (51). For example, it is difficult to 
achieve sufficient statistical power to identify what might 
be a modest improvement in overall survival in biologically 
aggressive malignancies such as lung or esophageal cancer 
at a single institution where two different models of care are 
concurrently in place, because of problems with intervention 
contamination, the Hawthorne effect, and other technical 
causes of bias. Consequently, the majority of investigations 
have sought to measure surrogate variables that are finite 
during the study period. These include outcomes such as 
time from diagnosis to treatment, adherence to treatment 
guidelines, completion of staging prior to the initiation of 
treatment and the cost of treatment. Very few have also 
measured patient satisfaction. 

Multiple reviewers have summarized the existing 
literature regarding multidisciplinary care as, at best, 
inconclusive (52-56). This is not surprising. Malignancies 
with very different treatment complexity, natural history 
and survival are often grouped together for comparison. 
The definition of multidisciplinary care in some studies 
is varied, and generally, poor. For example, some reports 
do not include a surgeon in the multidisciplinary team 
for malignancies that are often treated surgically (37). 
Few reports directly compare patient populations with a 
single form of malignancy within a facility or healthcare 
system. Fewer still also use statistical methods to minimize  
selection bias. 

Studies which incorporate a more rigorous design do 
show a difference between cohorts of patients treated with 

or without multidisciplinary care (42). In one such example, 
age, stage and comorbidity index propensity-matching 
was used to compare patients with non-small cell lung 
cancer across multiple facilities within a single healthcare 
system. Over a 5-year study period, data analysis of more 
than 13,000 patients revealed that multidisciplinary care 
significantly improved adherence to national guidelines for 
staging and treatment, timeliness and cost of care (57).

How the outcomes of multidisciplinary care for patients 
with thoracic malignancies should be measured is a very 
important ongoing research question. Consistency of 
surrogate variables should be sought when designing future 
investigations. Furthermore, patient satisfaction, cost and 
adherence to treatment guidelines should be included in 
future studies. However, survival is the ultimate patient-
centered outcome for lethal diseases and, difficult as it 
is, model of care studies must not forego this endpoint. 
Attempts at standardization will help identify whether 
multidisciplinary care is worth the opportunity costs and, 
especially, the financial investment inherent in the most 
advanced models.

Successful implementation

Successful implementation of a multidisciplinary care 
strategy depends on multiple factors inherent in each facility 
including the level of physician alignment, availability of 
an integrated electronic health record, physical space for 
a group clinic, availability of navigation services and the 
presence of all required clinical specialty services. The 
models, as previously described, move from a less integrated 
form such as serial consultations and a prospective treatment 
planning conference to a completely integrated patient 
care clinic. Selecting the correct one for an institution will 
improve the likelihood of gaining acceptance and use of the 
multidisciplinary approach for patient care.

The concept of the “care team” is also important to 
recognize when initiating a multidisciplinary care program. 
The influence and impact of the entire team is greater than 
the sum of its individual members (58). The team dynamics 
involved in multidisciplinary cancer care is an important 
concept to consider when choosing team members, designing 
workflows and predicting accountability (59,60). No matter 
what level of multidisciplinary care is deployed, its initiation 
will require changes in behavior of team members and their 
support staff. There are several important tactical elements to 
successful implementation. 

The first is to appoint representative leaders for each 
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key involved specialty. Such individuals are considered 
facilitators for their specialty and must agree to be present 
for the majority of clinics or conferences. Secondly, 
conference and clinic dates must be fixed, regular, and 
frequent, in order to embed the routine within key 
providers’ and staff’s schedules and to avoid delays in care 
management. Third, is the mandatory use of evidence, 
often in the form of treatment guidelines, to drive decision-
making. Agreement on a specific, nationally recognized, set 
of guidelines is vital in establishing consistency and driving 
provider behavior. Multiple sources are available such as 
the American College of Chest Physicians, and the NCCN  
(15-18,22). The NCCN guidelines have the advantage of 
more frequent updating as evidence evolves. Treatment 
decisions that deviate from the guidelines should be 
documented, along with the rationale for the deviation, to 
allow for future auditing and quality improvement cycles. 

Fourth, to foster accountability, a consensus treatment 
plan should be recorded and circulated to all providers 
involved in the care of each patient. This requires some 
administrative support, but can reduce duplicate or 
unnecessary testing, resulting in cost savings. It also 
allows patient navigators to review treatment plans with 
patients, and provides objective data for future audits and 
performance improvement. Additionally, it is also helpful to 
carve out a small amount of time from a multidisciplinary 
conference or clinic to review pertinent literature on 
clinically relevant issues, discuss ongoing and upcoming 
research trials at the facility, and to focus discussion on 
unusual or interesting cases. These discussions improve 
communication, may improve clinical research accrual, 
and assist in developing healthy team dynamics. Involving 
ancillary care providers is also often seen as a positive 
step in facilitating the care of these complex patients. 
Patient navigators, social service providers, palliative care 
specialists, financial counselors, wellness experts, and 
holistic practitioners can all deliver important components 
of care to patients with thoracic malignancy. 

Successful implementation of the multidisciplinary 
cancer care approach is built on identifying effective 
leaders, regular meetings, establishing a template of 
treatment guidelines, building and recording consensus 
care plans, holding providers accountable to the treatment 
decisions made, and building the concept and framework 
of a care team. Although seemingly elusive at the onset, 
this approach to implementation can result in a grass roots 
effort that allows the multidisciplinary concept to grow to 
be bigger than any individual or specialty involved in the 

delivery of thoracic oncology care. 
The community-level thoracic multidisciplinary care 

program is, theoretically, an ideal infrastructure through 
which to improve the survival of thoracic malignancies at 
the broad population level. Properly implemented, it can 
provide a scaffold for effective tobacco control, screening, 
early diagnosis, optimal treatment, rapid dissemination 
of diagnostic and treatment innovations, palliative care, 
clinical and health services research, and the education of 
patients, caregivers, clinicians, and the general public about 
these complex and difficult malignancies. 
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