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Background: Responsible for 25% of all US cancer deaths, lung cancer presents complex care-delivery 
challenges. Adoption of the highly recommended multidisciplinary care model suffers from a dearth of good 
quality evidence. Leading up to a prospective comparative-effectiveness study of multidisciplinary vs. serial 
care, we studied the implementation of a rigorously benchmarked multidisciplinary lung cancer clinic.
Methods: We used a mixed-methods approach to conduct a patient-centered, combined implementation 
and effectiveness study of a multidisciplinary model of lung cancer care. We established a co-located 
multidisciplinary clinic to study the implementation of this care-delivery model. We identified and engaged 
key stakeholders from the onset, used their input to develop the program structure, processes, performance 
benchmarks, and study endpoints (outcome-related process measures, patient- and caregiver-reported 
outcomes, survival). In this report, we describe the study design, process of implementation, comparative 
populations, and how they contrast with patients within the local and regional healthcare system. Trial 
Registration: ClinicalTrials.gov Identifier: NCT02123797. 
Results: Implementation: the multidisciplinary clinic obtained an overall treatment concordance rate of 
90% (target >85%). Satisfaction scores were high, with >95% of patients and caregivers rating themselves 
as being “very satisfied” with all aspects of care from the multidisciplinary team (patient/caregiver response  
rate >90%). The Reach of the multidisciplinary clinic included a higher proportion of minority patients, more 
women, and younger patients than the regional population. Comparative effectiveness: The comparative effectiveness 
trial conducted in the last phase of the study met the planned enrollment per statistical design, with 178 patients in 
the multidisciplinary arm and 348 in the serial care arm. The multidisciplinary cohort had older age and a higher 
percentage of racial minorities, with a higher proportion of stage IV patients in the serial care arm. 
Conclusions: This study demonstrates a comprehensive implementation of a multidisciplinary model of lung 
cancer care, which will advance the science behind implementing this much-advocated clinical care model. 
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Introduction

With an estimated incidence of 224,500 new cases and 
158,000 deaths, lung cancer accounted for 14% of all cancer 
cases and 25% of all cancer deaths in the US in 2016. It 
kills almost as many Americans each year as the second 
(colorectal), third (pancreas), fourth (breast), and fifth 
(prostate) most lethal cancers combined. While aggregate 
5-year survival rates have improved significantly for breast 
(90%), colorectal (60%) and prostate (95%) cancers, 
the overall 5-year survival rate for lung cancer has only 
increased from 12% in 1975 to 18% in 2016 (1). 

Lung cancer presents unique challenges in oncologic 
care delivery due to the cumulative age and tobacco-
related comorbidities of many patients. The median age 
at diagnosis of lung cancer in the US is 72 years, >30% 
of patients have co-morbid illness, including 20% who 
are survivors of a previous cancer (2,3). The chest cavity 
and mediastinum, the anatomic location of potentially 
curable lung cancer, are relatively inaccessible. Lung cancer 
requires the active engagement of highly-trained, highly-
skilled practitioners, using relatively high-cost, high-
risk equipment and procedures to perform routine tasks 
required for diagnosis, staging, treatment and surveillance. 
Different specialists are often needed at each phase of care, 
which fragments care delivery (4,5). 

The current standard of care for patients with lung 
cancer involves multiple providers, potentially from 
multiple institutions or physician groups, and requires that 
patients move through a sequence of serial referrals. For 
example, diagnosis alone involves a minimum of 4 specialist 
referrals: the practitioner who ordered the initial radiologic 
study (often a primary care, emergency room, or hospitalist 
practitioner), a diagnostic radiologist, a diagnostic 
tissue procurer (usually an interventional radiologist, 
pulmonologist, or surgeon), and a pathologist. Staging and 
treatment modalities are increasingly optimally combined, 
such as use of radiologic and invasive staging methods, and 
combinations of surgery, chemotherapy, radiation therapy, 
and palliative care for treatment (6,7). These require 
engagement of additional specialists.

In the prevalent serial model of care-delivery, the level 
of contact and coordination between providers varies 
greatly, but is often minimal. The level of mutual self-
identification as members of a team providing care is usually 
low. Therefore, active interdisciplinary engagement is a 
frequently recommended strategy for quality improvement 
(6-9). The multidisciplinary care model involves multiple 
providers working consciously together as a team to provide 
care. However, what constitutes multidisciplinary cancer 
care has not been well defined, and its implementation has 
not been thoroughly studied (4,5). 

Consequently, there is a wide gap between the consensus 
expert recommendation for multidisciplinary care, which 
makes intuitive sense, and real-world examples of well-
executed, functional multidisciplinary oncology care 
programs. This poor penetration of multidisciplinary care is 
partly caused by a paucity of evidence to support the benefit, 
and near-absence of implementation know-how (4,5). 
There are few rigorous studies and little high-quality data 
to justify the resource investment and disruption of existing 
structures and relationships required to implement the 
multidisciplinary care model. Meaningful multi-perspectival 
endpoints need to be defined and evaluated to measure 
the ‘real-world’ impact of implementing multidisciplinary 
care. Given its complexity, lung cancer offers fertile ground 
for testing multidisciplinary models of care in oncology 
practice.

We sought to evaluate the implementation of a rigorously 
benchmarked multidisciplinary lung cancer care model 
involving early, concurrent, and prospective engagement 
of key physician specialists in a co-located weekly clinic. 
Our goals were to develop meaningful, measureable 
benchmarks, and to define process endpoints related to 
quality of care, patient and caregiver reported outcomes, 
and survival. Using a prospective cohort study design, we 
compared processes and outcomes within multidisciplinary 
and usual serial care delivery environments within the same 
healthcare system. In this report we describe the study 
design, evaluate implementation, and compare baseline 
clinical characteristics.
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Methods

We used a mixed-methods approach to conduct a patient-
centered, multi-phase combined implementation and 
effectiveness study of the multidisciplinary model of lung 
cancer care within a large not-for-profit Comprehensive 
Community Cancer Program in a high lung cancer incidence 
and mortality region of the US. The study was conducted 
in three phases. In phase 1, we used focus groups to assess 
direct stakeholder input from patients, their caregivers, 
doctors, nurses, hospital administrators, and senior executives 
of national health insurance companies. The objective of 
phase 1 was to solicit stakeholder perspectives on optimal 
lung cancer care delivery, the relative advantages and 
disadvantages of the multidisciplinary and serial models of 
care delivery, obstacles to implementation of multidisciplinary 
care, and benchmarks for the evaluation of quality of care  
delivery (10).

In phase 2, we evaluated the initial implementation of 
a carefully benchmarked multidisciplinary clinic based on 
stakeholder-relevant endpoints. Key measures included: the 
rate of concordance between consensus recommendations 
from the multidisciplinary panel and actual delivered care, 
rate of successful administration of survey instruments, 
verifiable rates of communication of specific vital clinical 
information between clinicians and patients and their 
caregivers, and among all clinicians responsible for 
the patient’s care. After a lead-in phase with consistent 
attainment of pre-set targets on each of the 3 process 
measures, the project transitioned to phase 3, a prospective 
comparative effectiveness trial to determine the impact 
of multidisciplinary care on stakeholder-relevant clinical 
outcomes compared with patients receiving serial care. 
The comparative effectiveness endpoints include: patient 
and caregiver reported outcomes obtained through surveys 
administered at baseline, 3 and 6 months after enrollment; 
the thoroughness and accuracy of staging indicated by 
rates of utilization of recommended staging tests and 
the rates of stage evolution from baseline to just before 
onset of treatment; the rates of deployment of guideline-
recommended treatment modalities based on stage; the 
timeliness of care; and survival. 

This study was approved by the Baptist Memorial 
Healthcare Corporation Institutional Review Board 
(IRB) and the University of Memphis IRB (ID: 3385). All 
participants in the qualitative studies, and patients and 
caregivers in the comparative effectiveness study provided 
written informed consent.

Phase 1: eliciting stakeholder perspectives

Pre-planning (initial concept development) included 
multiple stakeholders, including a patient and his caregiver, 
a medical oncologist, thoracic surgeon, nurse navigator, 
hospital administrators, and a corporate attorney. After the 
initial preliminary planning phase, additional stakeholders 
were identified to form a Steering Committee, including 
additional patients, caregivers, epidemiologists, a clinical 
psychologist, an implementation scientist, a medical 
anthropologist, a representative from the American Cancer 
Society, a palliative care nurse, and a representative of a 
local Federally Qualified Health Center. 

Qualitative evaluation of key stakeholders

We identified the key stakeholders as lung cancer patients 
and their caregivers (the consumers of care), physicians and 
nurses (the providers of care), healthcare administrators 
(providers of the environment of care-delivery), and 
health insurance company executives (the payers). We 
broadly categorized physicians into 2 groups: ‘first 
responders’ (primary care, emergency care and hospital care 
practitioners) and ‘involved specialists’ (thoracic surgeons, 
pulmonologists, medical and radiation oncologists, palliative 
care specialists). The first-responders typically request 
the diagnostic studies from which the presence of lung 
cancer is initially detected but do not have the expertise to 
provide necessary lung cancer care and therefore have a 
referral mandate. For them, the multidisciplinary program 
potentially had a readily identifiable service benefit. The 
involved specialists have specific skillsets required for 
the diagnosis, staging or treatment of lung cancer and 
potentially deem a multidisciplinary program as more of a 
threat to their practice autonomy. 

We conducted 21 focus groups of key stakeholders. 
Participants included 22 patients, 24 caregivers, 9 nurses, 
8 hospital administrators, 4 executives of health insurance 
companies, and 39 physicians. The physicians included 
primary care, hospitalists, pulmonologists, thoracic 
surgeons, medical oncologists, and radiation oncologists. 
Stakeholder input was compiled using qualitative methods 
and used to inform the make-up of the multidisciplinary 
clinic and the benchmarks for the comparative effectiveness 
study (10,11). Stakeholder feedback from the pre-planning 
suggested that broad access to care, patient satisfaction, 
timely care, and clear communication between patients and 
physicians were high priorities (10,11). 
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Phase 2: implementing the multidisciplinary clinic model 
of care

We started a prospective multidisciplinary Thoracic 
Case Conference in November 2011, and began a pilot 
implementation of the co-located multidisciplinary thoracic 
clinic in August 2012. After 2 years of strategic planning 
and development, including establishment of data collection 
processes, feedback and benchmarking, we established the 
Baptist Cancer Center Multidisciplinary Thoracic Oncology 
Clinic in Memphis, TN, with specific infrastructure to 
study the implementation of this model of care delivery. 

The structure and activities of the program were 
implemented with direct stakeholder input. Performance 
benchmarks were defined by interactive group consensus 
and codified in written Standard Operating Procedures, 
to provide an objective measure of clinic function. The 
benchmarks were to: (I) maintain a concordance rate >85%  
between consensus management recommendations and 
actually delivered care; (II) obtain satisfaction score 
responses from ≥60% of patients, caregivers, and providers; 
(III) maintain patient and caregiver satisfaction scores of  
4 (‘satisfied’) or 5 (‘highly satisfied’) on a Likert scale in 
>80% of patients in surveys administered after initial patient 
evaluation in the clinic; (IV) maintain provider satisfaction 
scores of 4 (‘satisfied’) or 5 (‘highly satisfied’) on a Likert 
scale in >70% of providers in surveys administered after 
each provider’s active interaction with the clinical program, 
either by direct participation (for participating providers) 
or after referring five patients into the program (for non-
participating providers); (V) maintain communication 
between providers, measured by the timeliness of official 
verifiable communication of management decisions 
with providers in and outside the program and verifiable 
communication of management plans with patients 
and their caregivers.  The minimal content of the 
communication was pre-specified to include histologic 
diagnosis, stage, and management recommendations, 
including details of what, who, where, and when. The goal 
was to have verifiable communication with all patients and 
their identified caregivers, and providers connected with 
each patient, within 48 hours of recommendations being 
made in >80% of patient clinic visits. 

Phase 3: prospective comparative effectiveness study

Comparative groups
In this study, we compared patients categorized into two 

primary groups: multidisciplinary care vs. serial care. In the 
primary analysis, the multidisciplinary care arm consisted 
of patients (and their caregivers) who received care in the 
co-located clinic involving active participation of a thoracic 
surgeon, medical oncologist, radiologist, pulmonologist, 
and radiation oncologist, with active coordination of care 
by a dedicated Nurse Navigator before onset of treatment. 
All patients seen in the co-located clinic were also discussed 
in the Multidisciplinary Thoracic Oncology Conference, 
which involved a larger group of clinicians from each of 
the above-specified specialties, as well as a pathologist, and 
palliative care specialist. In the primary analysis, patients on 
the serial care arm received care by a variety of physicians, 
but were not seen in the co-located multidisciplinary clinic 
prior to onset of treatment. 

A subgroup of these ‘serial care’ patients was discussed in 
the Multidisciplinary Thoracic Oncology Conference, and 
presumably thereby received a modicum of multidisciplinary 
input, but did not have any direct interaction with the 
Nurse Navigator nor were they seen in the co-located 
clinic. This ‘conference-only’ subset of ‘serial care’ patients 
provided a pragmatic opportunity to compare outcomes 
between the co-located clinic model and the ‘Tumor Board’ 
model of multidisciplinary care.

In our primary analyses, we combined the ‘conference 
only’ and ‘true’ serial care patients (serial care patients who 
were never discussed in the conference before onset of 
treatment) as the ‘serial care’ group for comparison to the 
multidisciplinary care group. In secondary analyses, we will 
evaluate the impact of the multidisciplinary conference by 
separating out the two serial care subsets for comparison 
to the multidisciplinary clinic cohort. Therefore, primary 
analyses compare two groups (multidisciplinary care vs. 
serial care), and secondary analyses will compare three 
groups (multidisciplinary care vs. conference only vs. true 
serial care). Future evaluation will also test the impact of 
combining the ‘conference only’ subset with the co-located 
multidisciplinary care patients for comparison to the ‘true’ 
serial care patients. 

Recruitment and screening

Provider referrals 
To increase clinician awareness across the healthcare system 
and prompt patient referrals to the multidisciplinary clinic, a 
marketing campaign was targeted at primary care providers, 
emergency room physicians, hospitalists, radiologists, 
thoracic surgeons, medical and radiation oncologists, 
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pulmonologists and nurses. Likely point-of-entry physicians 
were informed of the clinic with specific marketing. The 
marketing plan included having the thoracic team members 
attend physician meetings, creating a specific announcement 
sent to all physicians to introduce the program, clinic site 
visits, along with hosting luncheons for physicians to be 
introduced and updated on the multidisciplinary program. 
Expanding access to a wider range of physicians in the 
new clinic environment was a task that developed over the 
course of several months. 

Eligibility criteria
All patients with lung cancer, irrespective of stage 
or histology, confirmed within 8 weeks of eligibility 
evaluation, with an Eastern Cooperative Oncology Group 
(ECOG) Performance Status from 0 (asymptomatic) to 
2 (symptomatic but out of bed for >50% of the day), no 
previous history of lung cancer, and no previous history of 
other invasive cancer within the past 5 years (excepting non-
melanoma skin cancer), were eligible for the prospective 
comparative effectiveness study. Patients were eligible for 
enrollment in the multidisciplinary arm if they were seen 
within the co-located multidisciplinary clinic before onset 
of definitive treatment; patients on the serial care arm were 
eligible if within 4 weeks of treatment onset.

Data collection
Detailed prospective data collection was conducted 
by full-time data managers to ensure comprehensive 
information was available for each patient. Standard 
demographic and clinical information were collected on 
each patient, including age, race, sex, health insurance, 
histologic diagnosis, dates and location of clinical events. 
Data were obtained from all relevant providers from the 
initial detection of the lesion to the definitive treatment(s) 
(surgery, radiation therapy, chemotherapy, hospice care, no 
treatment). All data were independently audited for accuracy 
by a data manager different from the initial abstractor.

Comparative study processes

The multidisciplinary conference was held weekly from 
7:00 am to 8:30 am on Wednesdays. Patients and caregivers 
were not present during the conference. Consensus 
recommendations were generated, prospectively recorded, 
and communicated to responsible physicians with requested 
acknowledgement of receipt, but no active engagement of 
the Nurse Navigator. The multidisciplinary clinic also met 

weekly from 10:00 am to 5:00 pm on Wednesdays. Patients 
were concurrently evaluated by potentially treating clinicians 
with direct patient and caregiver input solicited before 
final recommendations were made. Recommended care 
was communicated directly to patients in writing and the 
execution of care was coordinated by the Nurse Navigator. 
All patients seen in the co-located clinic were also presented 
in the multidisciplinary conference for broader consensus 
discussion, often with additional information generated from 
tests performed after the initial clinic visit.

Eligible and consenting patients were recruited into the 
multidisciplinary arm after initial visit to the multidisciplinary 
clinic. Care provided within the multidisciplinary clinic was 
focused solely on treatment planning (diagnosis, staging 
and triage into treatment pathways). Over the same period, 
with the permission of their lung cancer specialist provider 
(surgeons, medical oncologists, radiation oncologists), 
eligible and consenting patients were recruited into the 
serial care arm from clinics where they routinely sought care 
for lung cancer. All patients, irrespective of enrollment arm, 
received their treatment (surgery, radiation, chemotherapy, 
palliative care) within the same group of locations. 

Data, measurements and instruments

We abstracted clinical data prospectively from the 
electronic health records, obtained missing and additional 
follow-up information by direct contact between clinical 
research coordinators and patients, caregivers, and patients’ 
physicians. Clinical data included all lung-cancer related 
events from initial diagnosis through the last modality of 
treatment of the patient’s lung cancer, including history and 
physical examination findings, radiologic and pathologic 
test results, physician consultations (within and outside the 
healthcare system), the multidisciplinary conference and 
clinic recommendations (as applicable), a summary of pre-
treatment disease characteristics, details regarding treatment 
received (surgery, chemotherapy, radiation therapy and 
palliative care), post-surgery findings (such as histology and 
pathologic stage), and post-treatment outcomes. All clinical 
data for phase 3 patients were audited for accuracy by a data 
manager other than the initial abstractor. 

Data regarding patient-related decisions, events, and 
communication that happened specifically within the 
lung cancer conference or multidisciplinary clinic were 
recorded by the multidisciplinary program’s two clinical 
research coordinators. We administered surveys to 
patients and their self-identified caregivers at baseline,  
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3 and 6 months. Respondents chose either paper or iPad 
administration and were given the option of responding 
in person, over the phone, or by mail. For patients and 
caregivers, we measured psychological distress with the 
Hospital Anxiety and Depression Scale (HADS) (12), 
satisfaction with care with the Consumer Assessment of 
Healthcare Providers and Systems (CAHPS) survey (13), 
patients’ health-related quality of life (HRQOL) with 
the Functional Assessment of Cancer Therapy—Lung 
Cancer (FACT-L) (14), and caregivers’ HRQOL with the  
36-Item Short Form Survey (SF-36) (15). Here we only 
report patients’ baseline HRQOL.

Clinical effectiveness measurements

The effectiveness of the multidisciplinary clinic services 
was measured by 6 key elements: timeliness of care, 
thoroughness of staging, stage-appropriate treatment, 
patient reported outcomes, caregiver reported outcomes, 
and survival. Timeliness of care was measured in days from 
initial detection of the radiologic lesion to onset of key steps 
in treatment including: diagnostic biopsy, non-invasive 
staging test, invasive staging biopsy, physiologic clearance 
for treatment, and initiation of definitive treatment. 
Thoroughness of staging was multifaceted, including the 
rates of histologic biopsy (or radiologic corroboration, for 
difficult to biopsy targets such as brain or bone lesions) 
of stage-defining lesions (the stage confirmation rate) and 
the rates of multimodal staging—using the combination 
of PET/CT scan or CT scan and invasive staging biopsy 
(bimodal staging), or CT scan, PET/CT scan and invasive 
staging biopsy (trimodal staging) (16). Stage-appropriate 
treatment was evaluated by examining stage-stratified 
definitive treatment rates as recommended by the National 
Comprehensive Cancer Network (NCCN) guidelines (6,7). 

Survival

Overall survival and progression free survival were 
measured from the date of histologic diagnosis until last 
follow-up, based on data validated by 3 sources: state 
registry databases, clinical record reviews, and direct contact 
of consented patients or their caregivers.

Power calculations and statistical analysis

Overall survival was the primary endpoint and the study was 

powered at 80%, with alpha of 0.05, to detect a hazard ratio 
of 1.25 between patients receiving multidisciplinary care 
and serial care. We targeted enrollment of 150 patients on 
the multidisciplinary arm and 300 patients on the serial care 
arm, matched by clinical stage (based on the initial diagnostic 
CT scan), performance status, insurance status, race, and age 
range. After initiation of the study, it was determined that the 
individual 1:2 matching strategy was not attaining high level 
matches within the allotted parallel time frame in a substantial 
number of subjects. Therefore, a frequency matching strategy 
was used based on the matching variables (age was controlled 
for as a model covariate for better numerical efficiency). 
All comparative analyses were conducted using matching 
variables as strata, per original design, with the strata now 
allowing multiple cases and controls per match group 
(frequency matching). Specifically, analyses were designed 
based on conditional logistic regression for each binary 
endpoint and stratified cox proportional hazards models for 
survival endpoints (not reported here). For each outcome, 
additional statistical models were evaluated controlling for 
matching variables as covariates in unconditional analyses. 
All analyses were conducted in SAS Version 9.4 (Cary, NC, 
USA) with a type-I error rate of 0.05.

Evaluation framework

We used the Reach, Effectiveness, Adoption, Implementation 
and Maintenance (RE-AIM) (17) framework to evaluate 
key aspects of the program’s impact. This report is limited 
to the evaluation of the Reach and Implementation 
domains of RE-AIM. To evaluate the generalizability of the 
multidisciplinary patient population (Reach), we considered 
4 concentric layers of lung cancer patients (Figure 1), to 
compare our patient population to local and regional patient 
populations: the multidisciplinary clinic, multidisciplinary 
conference, the Memphis Metropolitan Area lung cancer 
population, and the Mid-South (Eastern Arkansas, North 
Mississippi, Western Tennessee) regional healthcare system 
lung cancer population. Data sources for groups 1 and 2 
were collected specifically as part of our study and included 
all patients seen at the multidisciplinary clinic or discussed 
at multidisciplinary conference from 2014–2016, regardless 
of participation in the comparative effectiveness aims. 
Data for groups 3 and 4 were obtained from the healthcare 
system’s Cancer Registry [2014–2015]. These results are 
descriptive, and are not compared statistically because they 
do not represent independent groups of patients.
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Results

In phase 1, we solicited stakeholder feedback using a 
combination of focus groups and in-depth interviews. 
Details have been reported elsewhere (10,11,18).

Phase 2: implementing the multidisciplinary clinic

We used the stakeholder feedback to inform the structure 
and processes of the clinic and to develop objective 
performance benchmarks representative of the spectrum of 
stakeholder perspectives. 

Implementation benchmarks and the targeted goals

The multidisciplinary clinic obtained an overall treatment 
concordance rate of 90.3% compared to a target rate  
of >85% (Table 1). Satisfaction scores were obtained from 
93% of patients, 97% of caregivers, and 50% of providers 
(target 60%). More than 95% of both patients and caregivers 
rated themselves as being “very satisfied” with all aspects 
of care received from the multidisciplinary team, including 
communication about the care received, having all of their 
questions answered, and the staff working well together. 
Both patients and caregivers were also very satisfied with 

Figure 1 Concentric circles of local to regional lung cancer patients. MD Clinic, all patients seen within the co-located multidisciplinary 
clinic from 2014 to 2016; MD Conference, patients discussed within a multidisciplinary case conference within the same institution during 
the same time period; Memphis Metro, patients diagnosed with lung cancer at the 2 hospitals serving Metropolitan Memphis, TN; Mid-
South Region, patients diagnosed with lung cancer within all hospitals of the same healthcare system, including hospitals in Arkansas and 
Mississippi. The latter 2 data sets were collected from institutional Cancer Registry data for 2014 and 2015.

Table 1 Rates of attainment of multidisciplinary clinic benchmarks by year of implementation

Year
Patient satisfaction survey 

administration (%)
Caregiver satisfaction survey 

administration (%)
Verified communication (%)

Concordance with 
recommendations (%)

Benchmark target 60.0 60.0 80.0 85.0

2014 87.9 96.7 80.6 87.4

2015 93.0 96.0 94.0 92.0

2016 98.4 98.4 97.3 91.4

Total 93.1 97.0 90.6 90.3

Mid-South Region
N=2,279

Memphis Metro
N=999

MD Conference
N=868

MD Clinic
N=449

Serial Care 
Enrolled on 

Comparative 
Trial

(N=348)

MD Clinic 
Enrolled on 

Comparative 
Trial

(N=181)178
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the treatment planning, with more than 97% reporting that 
they ‘left the appointment with a clear understanding of the 
recommended next steps’ (target 80%). Finally, verifiable 
communication within two days with patients, caregivers and 
all providers connected with each patient was achieved in 
90.6% of patient clinic visits (target >80%).

Reach: patient characteristics

We evaluated the Reach of the multidisciplinary clinic by 

comparing patient characteristics across four sequentially 
broader comparison groups (Table 2). The racial distribution 
of all persons seen in the multidisciplinary clinic (regardless 
of participation in the comparative effectiveness study), 
was skewed towards a higher proportion of black patients, 
than all conference, metropolitan area, or the entire 
regional healthcare system. Multidisciplinary clinic 
patients had a similar sex distribution and mean age to all 
conference patients, which appeared younger, with more 
female patients than each of the broader comparative 

Table 2 Reach of the multidisciplinary clinic

Characteristics Entire system (n=2,279) All metro (n=999) All conference (n=868) Seen in MD clinic (n=449)

Race

Caucasian 1,624 (71.3) 674 (67.5) 570 (65.7) 281 (62.6)

Black or AA 623 (27.3) 307 (30.7) 280 (32.3) 160 (35.6)

Asian 7 (0.3) 5 (0.5) 6 (0.7) 2 (0.4)

Other 6 (0.3) 2 (0.2) 4 (0.5) 2 (0.4)

American Indian 3 (0.1) 0 (0) 1 (0.1) 1 (0.2)

Unknown 16 (0.7) 11 (1.1) 7 (0.8) 3 (0.7)

Sex

Female 1,091 (47.9) 508 (50.9) 471 (54.3) 251 (55.9)

Male 1,188 (52.1) 491 (49.1) 397 (45.7) 198 (44.1)

Insurance

Medicare 1,641 (72.0) 715 (71.6) 307 (35.4) 175 (39.0)

Medicaid 168 (7.4) 70 (7.0) 133 (15.3) 74 (16.5)

Commercial 405 (17.8) 181 (18.1) 396 (45.6) 185 (41.2)

None 65 (2.9) 33 (3.3) 32 (3.7) 15 (3.3)

Age 69.1±10.3 69.0±10.3 64.4±12.6 65.8±12.5

Insurance (age <65)

Medicare 207 [29] 84 [27] 33 [8] 14 [8]

Medicaid 156 [22] 64 [20] 78 [20] 39 [22]

Commercial 292 [41] 140 [44] 256 [64] 113 [63]

None 55 [8] 27 [9] 30 [8] 14 [8]

Insurance (age ≥65)

Medicare 1,434 [91] 631 [92] 274 [58] 161 [60]

Medicaid 12 [1] 6 [1] 55 [12] 35 [13]

Commercial 113 [7] 41 [6] 140 [30] 72 [27]

None 10 [1] 6.0 [1] 2 [0] 1 [0]

Data are shown as number (%) or mean ± standard deviation.
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groups. The distribution of insurance type indicated more 
multidisciplinary clinic patients had commercial insurance 
than comparative groups other than the conference group. 
This effect was attenuated to some degree after stratifying 
by age (<65 vs. ≥65). 

Phase 3: comparative effectiveness study 

Patient enrollment
A total of 203 patients were screened for the multidisciplinary 
clinic arm of the comparative effectiveness trial. Of these, 
10 (5%) were unable to participate because they were out 
of the time window, in hospice care, or relocated; 13 (6%) 
did not meet the inclusion criteria; 4 (2%) declined to 
participate; the reason for non-enrollment of 1 patient was 
not recorded. In total 178 multidisciplinary care patients 
consented for the study, including 175 of those screened 
for the multidisciplinary arm plus 3 who were screened for 
serial care but crossed over to multidisciplinary care after 
consent but before initiating the study (Figure 2). Of the 
178 multidisciplinary patients who consented, 159 (89%) 
responded to the baseline survey. Multidisciplinary care 
patients who did not complete the baseline survey did not 
differ significantly in sex, race, age, ECOG performance 
status, or clinical stage compared to those who completed 
the survey (Table S1).

In the serial care arm, 947 patients were screened. Of 
these 176 (19%) were unable to participate because they 
were out of the time window, in hospice care, or relocated; 
316 (33%) did not meet the inclusion criteria, 22 (2%) 
declined to participate, 44 (5%) were deceased, 38 (4%) sent 
to another site (Figure 2). In total 351 (37%) of the screened 
patients consented, and 3 subsequently crossed-over to the 
multidisciplinary care arm, leaving 348. Of the 348, 297 
(85%) responded to the baseline survey. Serial care patients 
who did not complete the baseline survey had significantly 
higher ECOG score, lower clinical stage, similar sex, similar 
race, and similar age distributions compared to those who 
did complete the survey (Table S2).

Patient characteristics
Patients on the multidisciplinary care arm of the comparative 
effectiveness study had a mean age of 69 and 37% were 
privately insured, compared to a mean age of 66 and 
41% privately insured in the broader multidisciplinary 
population used for evaluating Reach (Tables 2,3). The 
serial care patients in the comparative effectiveness study 
had a lower mean age and a higher percentage of private 

insurance compared with the metropolitan area and the 
entire healthcare system, but the distributions of race and 
sex were reasonably close (Tables 2,3).

In comparison to the serial care patients, multidisciplinary 
clinic patients were older (average age: 69 vs. 66 years old, 
P=0.0008) and were a larger percentage minority race 
(P=0.0238, Table 3). The distributions of sex and insurance 
were similar between the two arms. ECOG performance 
status was significantly better (lower) in multidisciplinary 
patients compared with serial care (ECOG 0/1/2: 
45%/48%/7% vs. 34%/52%/12%; P=0.0160). The initial 
aggregate clinical stage (defined as clinical stage at the point 
of initial radiologic detection, before additional workup) 
distribution was higher in the serial care arm (P=0.0141), 
driven by the higher numbers of clinical M1 patients. The 
difference in final clinical stage (clinical stage at the point 
just before treatment onset, after workup is completed) 
trended towards significance (P=0.0545), also driven by 
a significant difference in the M category distribution 
(P=0.0043). The distributions of T- and N-category were 
similar. Thus, of the pre-specified matching parameters, 
the insurance distribution was similar, and there were some 
differences in clinical stage, performance status, race, and 
age (Table 3). The risk-set matching resulted in 32 risk strata 
ranging in size from 2 to 43 patients. 

For secondary analyses, the serial care arm will be 
delineated into two groups based on the care received, 
‘conference only’ and ‘true’ serial care (Table S3). Of 
the 348 serial care patients, 76 were discussed in the 
multidisciplinary conference (‘conference only’). These 
patients had similar sex, race, and age distributions 
compared to true serial care patients. However, conference 
only patients were 58% commercially insured and 45% had 
ECOG score of 0, compared with 38% and 31% in true 
serial care. Future secondary analyses for this study will 
evaluate the conference only subset as a separate group.

Baseline health-related quality of life
Results from the FACT-L surveys were similar between 
patients on the multidisciplinary and serial care arms for 
‘physical well-being’, ‘social well-being’, ‘emotional well-
being’, ‘functional well-being’, and ‘lung cancer specific 
quality of life’ (all P>0.10, Table 4). Patients in both arms 
of our study had significantly higher scores than published 
reference data for ‘physical well-being’, ‘emotional well-
being’, ‘functional well-being’, and ‘lung cancer specific 
quality of life’, and lower scores for ‘social well-being’ (all 
P<0.0001, Table 4).
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Figure 2 CONSORT diagram. *, patient inaccessible due to lack of appointments, telephone disconnection/number unknown, or loss to 
follow-up; **, % = completed/total eligible, % = completed/eligible adjusted for deaths.



98 Smeltzer et al. Pragmatic trial of a multidisciplinary lung cancer care model 

© Translational lung cancer research. All rights reserved.   Transl Lung Cancer Res 2018;7(1):88-102tlcr.amegroups.com

Table 3 Baseline characteristics of comparative effectiveness cohort

Characteristics All patients Multidisciplinary clinic patients Serial care patients P value

Total 526 (100.00) 178 (33.84) 348 (66.16)

Age (years) 66.83±9.97 68.85±10.34 65.79±9.62 0.0008

Sex 0.3553

Male 266 (50.57) 85 (47.75) 181 (52.01)

Female 260 (49.43) 93 (52.25) 167 (47.99)

Race 0.0238

White 356 (67.68) 109 (61.24) 247 (70.98)

Black 164 (31.18) 65 (36.52) 99 (28.45)

Other 6 (1.14) 4 (2.25) 2 (0.57)

Primary insurance 0.2011

Medicare 182 (34.60) 69 (38.76) 113 (32.47)

Medicaid 110 (20.91) 33 (18.54) 77 (22.13)

Commercial 213 (40.49) 66 (37.08) 147 (42.24)

Self-insured/none 21 (3.99) 10 (5.62) 11 (3.16)

Histology 0.3959

Adenocarcinoma 263 (50.00) 94 (52.81) 169 (48.56)

Squamous cell 167 (31.75) 55 (30.90) 112 (32.18)

Small cell 75 (14.26) 20 (11.24) 55 (15.80)

Other 21 (3.99) 9 (5.06) 12 (3.45)

ECOG 0.0160

0 198 (37.64) 80 (44.94) 118 (33.91)

1 268 (50.95) 86 (48.31) 182 (52.30)

2 55 (10.46) 12 (6.74) 43 (12.36)

3 5 (0.95) 0 (0.00) 5 (1.44)

Initial stage 0.0141

Stage I 1 (0.19) 0 (0.00) 1 (0.29)

Stage IA 95 (18.06) 38 (21.35) 57 (16.38)

Stage IB 39 (7.41) 13 (7.30) 26 (7.47)

Stage II 1 (0.19) 0 (0.00) 1 (0.29)

Stage IIA 33 (6.27) 12 (6.74) 21 (6.03)

Stage IIB 33 (6.27) 11 (6.18) 22 (6.32)

Stage IIIA 110 (20.91) 48 (26.97) 62 (17.82)

Stage IIIB 41 (7.79) 17 (9.55) 24 (6.90)

Stage IV 171 (32.51) 39 (21.91) 132 (37.93)

Occult carcinoma 2 (0.38) 0 (0.00) 2 (0.57)

Table 3 (continued)
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Table 3 (continued)

Characteristics All patients Multidisciplinary clinic patients Serial care patients P value

Independently calculated 
clinical stage

0.0545

Stage 0 1 (0.19) 0 (0.00) 1 (0.29)

Stage IA 93 (17.68) 36 (20.22) 57 (16.38)

Stage IB 37 (7.03) 13 (7.30) 24 (6.90)

Stage IIA 31 (5.89) 15 (8.43) 16 (4.60)

Stage IIB 27 (5.13) 13 (7.30) 14 (4.02)

Stage IIIA 89 (16.92) 33 (18.54) 56 (16.09)

Stage IIIB 44 (8.37) 16 (8.99) 28 (8.05)

Stage IV 204 (38.78) 52 (29.21) 152 (43.68)

Independently calculated 
clinical T stage

0.9227

T0 5 (0.95) 1 (0.56) 4 (1.15)

T1a 92 (17.49) 35 (19.66) 57 (16.38)

T1b 71 (13.50) 23 (12.92) 48 (13.79)

T2a 116 (22.05) 35 (19.66) 81 (23.28)

T2b 60 (11.41) 20 (11.24) 40 (11.49)

T3 78 (14.83) 28 (15.73) 50 (14.37)

T4 102 (19.39) 36 (20.22) 66 (18.97)

Insufficient records 2 (0.38) 0 (0.00) 2 (0.57)

Independently calculated 
clinical N stage

0.4553

N0 248 (47.15) 92 (51.69) 156 (44.83)

N1 42 (7.98) 13 (7.30) 29 (8.33)

N2 159 (30.23) 46 (25.84) 113 (32.47)

N3 76 (14.45) 27 (15.17) 49 (14.08)

Insufficient records 1 (0.19) 0 (0.00) 1 (0.29)

Independently calculated 
clinical M stage

0.0043

M0 322 (61.22) 126 (70.79) 196 (56.32)

M1a 47 (8.94) 14 (7.87) 33 (9.48)

M1b 157 (29.85) 38 (21.35) 119 (34.20)

Data are shown as number (%) or mean ± standard deviation.
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Discussion

We demonstrate a highly successful implementation of 
a multidisciplinary care-delivery model for lung cancer 
patients in a non-academic community health care 
system within a high lung cancer incidence and mortality 
region of the United States. Implementation benchmarks 
established by stakeholders were uniformly attained. The 
multidisciplinary program successfully reached a higher 
percentage of minority patients than regional comparison 
groups, and the average patient age was lower.

The comparative effectiveness trial conducted in the 
last phase of the study met the planned enrollment and 
the sample size per statistical design. Patients on the 
multidisciplinary arm of this trial were older and less likely 
to be privately insured than the broader multidisciplinary 
clinic population. The serial care patients were younger 
and more likely to be privately insured compared to the 
regional population. Therefore, the distribution of age 
and race differs between the two comparative effectiveness 
arms, with higher age and a higher percentage minority 
on the multidisciplinary arm. Serial care patients also had 
higher stage than the multidisciplinary arm, driven by the 
percentage of patients with metastatic disease. 

The differences between the two comparative effectiveness 
trial arms are not unexpected in a pragmatic trial, and will 
be adjusted for by statistical modeling, per study design. 
Results from the multidisciplinary clinic are generally 
representative, but differences in race and age distributions 
should be acknowledged when generalizing our findings. 
The higher percentage of patients on the serial care arm 
with metastatic disease may impact the unadjusted survival 
distribution; however, the risk-stratified models will 
adjust for this difference. Additional analyses will also be 

conducted excluding all patients with metastatic disease to 
balance the stage distribution between arms. However, it 
is also important to recognize that thoroughness of staging 
was a process end-point in this study, including the rate 
of tissue confirmation of stage, up-staging and down-
staging. It is therefore likely that some of the apparent stage 
asymmetry results from intervention-induced differences. 

While the study design has high external validity, the 
non-randomized nature of this trial is a potential limitation 
to its internal validity (19). Due to the type of intervention 
we implemented and the pragmatic approach of our study 
we could not randomly assign patients to treatment groups, 
leading to potential imbalance. Furthermore, we were unable 
to fully execute the planned prospective matching strategy 
because of the limited availability of serial care participants 
at the outset of accrual. We have structured the analyses to 
control for these imbalances. Additionally, we were not able to 
directly compare cost-effectiveness between the models of care 
because of restrictions imposed by the funding organization.

Strengths of this study include the prospective study 
design, which incorporated a structured and detailed 
collection of pre-specified clinical data elements. Secondly, 
the multi-stakeholder-guided initial phase helped identify 
relevant benchmarks and endpoints, making this not only 
a patient-centered, but also a multi-stakeholder-centered 
study. Third, the team science approach allowed for input 
from clinicians and scientists from a variety of disciplines. 
Fourth, the mixed-methods approach combined rigorously 
structured quantitative data with the contextually rich 
and detailed information from qualitative evaluations. 
Additionally, we were able to plan the implementation study 
during the initiation of the multidisciplinary clinic, which 
allowed for maximum flexibility in structuring the clinic. 

Table 4 Comparative baseline Health-Related Quality of Life assessment in the multidisciplinary vs. serial care patients, compared to a reference 
sample

FACT-L subscale
MDC SC P value (MDC 

vs. SC)

Reference sample P value (MDC 
vs. RS)

P value (SC 
vs. RS)N Mean ± SD N Mean ± SD N Mean ± SD

Physical well-being (PWB) 152 24.9±7.6 298 24.9±7.0 0.98 116 20.7±5.0 <0.0001 <0.0001

Social well-being (SWB) 153 17.7±5.2 298 18.3±3.9 0.22 116 23.2±3.9 <0.0001 <0.0001

Emotional well-being (EWB) 155 24.2±6.0 296 24.0±6.0 0.75 116 15.5±3.7 <0.0001 <0.0001

Functional well-being (FWB) 155 22.1±7.3 296 22.0±7.0 0.90 116 17.4±6.2 <0.0001 <0.0001

Lung cancer scale (LCS) 156 31.9±5.5 301 32.2±5.8 0.50 116 24.4±5.4 <0.0001 <0.0001

FACT-L, Functional Assessment of Cancer Therapy—Lung. MDC, multidisciplinary care; SC, serial care; RS, reference sample [from Cella  
et al. (14)].
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Conclusions

This study demonstrates a comprehensive implementation 
of a multidisciplinary model of care in lung cancer, which 
will advance the science behind implementing this much-
advocated clinical care model. We will report the analysis 
of the adoption, effectiveness and maintenance domains 
of RE-AIM in due course, including the comparison of 
process endpoints and outcomes, including survival. We 
thereby hope to quantify the value of multidisciplinary care, 
while concurrently providing generalizable implementation 
know-how that can stimulate future wider dissemination.
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Supplementary 

Table S1 Multidisciplinary patients: patients included and excluded in baseline surveys

Characteristics
MD patients who took survey at 

baseline
MD patients who did not take survey at 

baseline
P value

Total 159 (89.33) 19 (10.76)

Age (years) 68.47±10.28 72.11±10.50 0.1474

Sex 0.0563

Male 72 (45.28) 13 (68.42)

Female 87 (54.72) 6 (31.58)

Race 0.8746

White 98 (61.64) 11 (57.89)

Black 57 (35.85) 8 (42.11)

Other 4 (2.52) 0 (0.00)

Primary insurance 0.7387

Medicare 60 (37.74) 9 (47.37)

Medicaid 29 (18.24) 4 (21.05)

Commercial 60 (37.74) 6 (31.58)

Self-Insured/none 10 (6.29) 0 (0.00)

Histology 0.3217

Adenocarcinoma 86 (54.09) 8 (42.11)

Squamous 48 (30.19) 7 (36.84)

Small cell 16 (10.06) 4 (21.05)

Other 9 (5.66) 0 (0.00)

ECOG 0.2477

0 72 (45.28) 8 (42.11)

1 78 (49.06) 8 (42.11)

2 9 (5.66) 3 (15.79)

Independently calculated clinical stage 0.6846

Stage IA 32 (20.13) 4 (21.05)

Stage IB 11 (6.92) 2 (10.53)

Stage IIA 13 (8.18) 2 (10.53)

Stage IIB 13 (8.18) 0 (0.00)

Stage IIIA 29 (18.24) 4 (21.05)

Stage IIIB 13 (8.18) 3 (15.79)

Stage IV 48 (30.19) 4 (21.05)

Data are shown as number (%) or mean ± standard deviation.



Table S2 Serial care patients: patients included and excluded in baseline surveys

Characteristics
SC patients who took survey at 

baseline
SC patients who did not take survey at 

baseline
P value

Total 297 (85.34) 51 (14.66)

Age (years) 65.73±9.54 66.14±10.17 0.7821

Sex 0.8856

Male 154 (51.85) 27 (52.94)

Female 143 (48.15) 24 (47.06)

Race 0.6376

White 208 (70.03) 39 (76.47)

Black 87 (29.29) 12 (23.53)

Other 2 (0.67) 0 (0.00)

Primary insurance 0.4052

Medicare 93 (31.31) 20 (39.22)

Medicaid 67 (22.56) 10 (19.61)

Commercial 126 (42.42) 21 (41.18)

Self-insured/none 11 (3.70) 0 (0.00)

Histology 0.0653

Adenocarcinoma 148 (49.83) 21 (41.18)

Squamous 88 (29.63) 24 (47.06)

Small cell 51 (17.17) 4 (7.84)

Other 10 (3.37) 2 (3.92)

ECOG 0.0047

0 104 (35.02) 14 (27.45)

1 157 (52.86) 25 (49.02)

2 35 (11.78) 8 (15.69)

3 1 (0.34) 4 (7.84)

Independently calculated clinical stage 0.0151

Stage 0 1 (0.34) 0 (0.00)

Stage IA 39 (13.13) 18 (35.29)

Stage IB 21 (7.07) 3 (5.88)

Stage IIA 14 (4.71) 2 (3.92)

Stage IIB 12 (4.04) 2 (3.92)

Stage IIIA 53 (17.85) 3 (5.88)

Stage IIIB 24 (8.08) 4 (7.84)

Stage IV 133 (44.78) 19 (37.25)

Data are shown as number (%) or mean ± standard deviation.



Table S3 Baseline characteristics of prospective comparative effectiveness cohort

Characteristics All patients Multidisciplinary clinic patients Conference only Serial care patients

Total 526 (100.00) 178 (33.84) 76 (14.45) 272 (51.71)

Age (years) 66.83±9.97 68.85±10.34 65.34±10.52 65.92±9.37

Sex

Male 266 (50.57) 85 (47.75) 37 (48.68) 144 (52.94)

Female 260 (49.43) 93 (52.25) 39 (51.32) 128 (47.06)

Race

White 356 (67.68) 109 (61.24) 57 (75.00) 190 (69.85)

Black 164 (31.18) 65 (36.52) 19 (25.00) 80 (29.41)

Other 6 (1.14) 4 (2.25) 0 (0.00) 2 (0.74)

Primary insurance

Medicare 182 (34.60) 69 (38.76) 21 (27.63) 92 (33.82)

Medicaid 110 (20.91) 33 (18.54) 7 (9.21) 70 (25.74)

Commercial 213 (40.49) 66 (37.08) 44 (57.89) 103 (37.87)

Self-insured/none 21 (3.99) 10 (5.62) 4 (5.26) 7 (2.57)

Histology

Adenocarcinoma 263 (50.00) 94 (52.81) 45 (59.21) 124 (45.59)

Squamous cell 167 (31.75) 55 (30.90) 21 (27.63) 91 (33.46)

Small cell 75 (14.26) 20 (11.24) 7 (9.21) 48 (17.65)

Other 21 (3.99) 9 (5.06) 3 (3.95) 9 (3.31)

ECOG

0 198 (37.64) 80 (44.94) 34 (44.74) 84 (30.88)

1 268 (50.95) 86 (48.31) 36 (47.37) 146 (53.68)

2 55 (10.46) 12 (6.74) 6 (7.89) 37 (13.60)

3 5 (0.95) 0 (0.00) 0 (0.00) 5 (1.84)

Initial stage

Stage I 1 (0.19) 0 (0.00) 0 (0.00) 1 (0.37)

Stage IA 95 (18.06) 38 (21.35) 13 (17.11) 44 (16.18)

Stage IB 39 (7.41) 13 (7.30) 10 (13.16) 16 (5.88)

Stage II 1 (0.19) 0 (0.00) 0 (0.00) 1 (0.37)

Stage IIA 33 (6.27) 12 (6.74) 6 (7.89) 15 (5.51)

Stage IIB 33 (6.27) 11 (6.18) 6 (7.89) 16 (5.88)

Stage IIIA 110 (20.91) 48 (26.97) 22 (28.95) 40 (14.71)

Stage IIIB 41 (7.79) 17 (9.55) 2 (2.63) 22 (8.09)

Stage IV 171 (32.51) 39 (21.91) 16 (21.05) 116 (42.65)

Occult carcinoma 2 (0.38) 0 (0.00) 1 (1.32) 1 (0.37)

Independently calculated clinical 
stage

Stage 0 1 (0.19) 0 (0.00) 0 (0.00) 1 (0.37)

Stage IA 93 (17.68) 36 (20.22) 14 (18.42) 43 (15.81)

Stage IB 37 (7.03) 13 (7.30) 12 (15.79) 12 (4.41)

Stage IIA 31 (5.89) 15 (8.43) 4 (5.26) 12 (4.41)

Stage IIB 27 (5.13) 13 (7.30) 3 (3.95) 11 (4.04)

Stage IIIA 89 (16.92) 33 (18.54) 12 (15.79) 44 (16.18)

Stage IIIB 44 (8.37) 16 (8.99) 4 (5.26) 24 (8.82)

Stage IV 204 (38.78) 52 (29.21) 27 (35.53) 125 (45.96)

Independently calculated clinical T 
stage

T0 5 (0.95) 1 (0.56) 1 (1.32) 3 (1.10)

T1a 92 (17.49) 35 (19.66) 14 (18.42) 43 (15.81)

T1b 71 (13.50) 23 (12.92) 11 (14.47) 37 (13.60)

T2a 116 (22.05) 35 (19.66) 21 (27.63) 60 (22.06)

T2b 60 (11.41) 20 (11.24) 7 (9.21) 33 (12.13)

T3 78 (14.83) 28 (15.73) 12 (15.79) 38 (13.97)

T4 102 (19.39) 36 (20.22) 10 (13.16) 56 (20.59)

Insufficient Records 2 (0.38) 0 (0.00) 0 (0.00) 2 (0.74)

Independently calculated clinical N 
stage

N0 248 (47.15) 92 (51.69) 43 (56.58) 113 (41.54)

N1 42 (7.98) 13 (7.30) 5 (6.58) 24 (8.82)

N2 159 (30.23) 46 (25.84) 23 (30.26) 90 (33.09)

N3 76 (14.45) 27 (15.17) 5 (6.58) 44 (16.18)

Insufficient Records 1 (0.19) 0 (0.00) 0 (0.00) 1 (0.37)

Independently calculated clinical M 
stage

M0 322 (61.22) 126 (70.79) 49 (64.47) 147 (54.04)

M1a 47 (8.94) 14 (7.87) 6 (7.89) 27 (9.93)

M1b 157 (29.85) 38 (21.35) 21 (27.63) 98 (36.03)

Data are shown as number (%) or mean ± standard deviation.
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