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ABSTRACT

Introduction: We compared NSCLC treatment and survival
within and outside a multidisciplinary model of care from a
large community health care system.

Methods: We implemented a rigorously benchmarked
“enhanced” Multidisciplinary Thoracic Oncology Conference
(eMTOC) and used Tumor Registry data (2011–2017) to
evaluate guideline-concordant care. Because eMTOC was
located in metropolitan Memphis, we separated non-MTOC
patient by metropolitan and regional location. We catego-
rized National Comprehensive Cancer Network guideline-
concordant treatment as “preferred,” or “appropriate”
(allowable under certain circumstances). We compared
demographic and clinical characteristics across cohorts us-
ing chi-square tests and survival using Cox regression,
adjusted for multiple testing. We also performed
propensity-matched and adjusted survival analyses.

Results: Of 6259 patients, 14% were in eMTOC, 55%
metropolitan non-MTOC, and 31% regional non-MTOC co-
horts. eMTOC had the highest rates of African Americans
(34% versus 28% versus 22%), stages I to IIIB (63 versus
40 versus 50), urban residents (81 versus 78 versus 20),
stage-preferred treatment (66 versus 57 versus 48),
guideline-concordant treatment (78 versus 70 versus 63),
and lowest percentage of nontreatment (6 versus 21 versus
28); all p values were less than 0.001. Compared with
eMTOC, hazard for death was higher in metropolitan (1.5,
95% confidence interval: 1.4–1.7) and regional (1.7, 1.5–
1.9) non-MTOC; hazards were higher in regional non-MTOC
versus metropolitan (1.1, 1.0–1.2); all p values were less
than 0.05 after adjustment. Results were generally similar
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after propensity analysis with and without adjusting for
guideline-concordant treatment.

Conclusions: Multidisciplinary NSCLC care planning was
associated with significantly higher rates of guideline-
concordant care and survival, providing evidence for
rigorous implementation of this model of care.

� 2021 The Authors. Published by Elsevier Inc. on behalf of
the International Association for the Study of Lung Cancer.
This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).

Keywords: Multidisciplinary care; Multidisciplinary Thoracic
Oncology Conference; Outcomes; Quality of care; Guideline-
concordant treatment; Survival

Introduction
With a widening array of diagnostic, staging, and

treatment options, controlled by clinicians from different
specialties, the complexity of lung cancer care suggests a
need for structured multidisciplinary interaction.1

Nevertheless, the multidisciplinary care model is infre-
quently practiced in the United States, especially in
community health care systems where up to 85% of pa-
tients with lung cancer receive care.2 Its usefulness has
been questioned in countries where it has been imple-
mented by regulatory fiat.3 Given that multidisciplinary
care delivery disrupts conventional referral processes,
requires manpower and infrastructure investments, and
demands clinical specialists, the paucity of supportive
data is a major barrier to widespread adoption.4

wIn the United States, “multidisciplinary care” is
poorly defined and lacks implementation know-how and
high-quality evidence to quantify its presumed bene-
fits.2,5 The published evidence of benefit is mixed, mostly
limited to intermediary outcomes, such as more timely
care, improved staging, increased surgery referrals, and
clinical trial enrollment.5–9 There is scant, contradictory
evidence of survival benefit.10–13 The combination of
implementation barriers and a dearth of evidence ac-
counts for shallow penetration, despite strong advocacy
for the model.14,15 Evidence from community-level care
environments might stimulate wider dissemination in
the United States and other countries.

We implemented a rigorously benchmarked multi-
disciplinary thoracic oncology program within a large
community-based health care system using team- and
implementation-science principles16 and evaluated its
impact by comparing the processes and outcomes of
NSCLC care within the greater health care system.

Materials and Methods
The Baptist Memorial Healthcare Corporation

(BMHCC) is a community-based health care system
covering 107 counties in Mississippi, Arkansas, Tennes-
see, Kentucky, Alabama, and Missouri, states with some
of the highest per-capita U.S. lung cancer incidence and
mortality.17 This service area includes approximately
40% of persistent poverty “Delta Regional Authority”
counties, congressionally identified as the most socio-
economically challenged region in the United States. In
2011, we started a weekly Multidisciplinary Thoracic
Oncology Conference (MTOC) involving all key lung
cancer specialists—thoracic surgeons, medical and ra-
diation oncologists, pulmonologists, pathologists, radi-
ologists, nurse navigators, and a palliative care nurse; in
2012, we started a colocated weekly clinic involving
thoracic surgeons, medical and radiation oncologists,
pulmonologists, nurse navigators, and radiologists.16

Colocated clinic patients were discussed in the MTOC,
which was “enhanced” by prospective data collection
and rigorous benchmarking, on the basis of team science
“coordinating mechanisms,” including closed-loop
communication, shared mental models, mutual trust,
and mutual performance monitoring.16,18 The key per-
formance benchmarks were the concordance between
recommendations and care delivered, timeliness of
closed-loop communication with all responsible clini-
cians (defined as acknowledgment by the recipient of
receipt of recommendations within 48 hours of the
multidisciplinary clinical encounter), rates of stage
confirmation, and timeliness of care delivery.18 Pro-
viders could also refer patients in for enhanced MTOC
(eMTOC) review, without clinic evaluation. Patients were
re-presented in the eMTOC until a consensus treatment
plan was decided.

The multidisciplinary forum was used for decision-
making only. All clinical care procedures were per-
formed within the same locations as other health care
system patients with NSCLC. With the permission of the
Institutional Review Board of the BMHCC (institutional
review board #14–15), including a waiver of the
informed consent requirement for this low-risk, institu-
tional quality improvement program, we constructed a
prospective database of all patients seen in the clinic and
discussed in the eMTOC.

To compare the care and outcomes of patients with
NSCLC who received or did not receive multidisciplinary
case planning, we conducted a retrospective observa-
tional study identifying NSCLC cases from the eMTOC
within the institutional Tumor Registry from 2011 to
2017. We compared patient demographic, clinical,
treatment characteristics, use of guideline-concordant
care, and survival between eMTOC and non-MTOC cases.

The eMTOC cohort included all BMHCC Tumor Reg-
istry patients with NSCLC who were presented in the
eMTOC from 2011 to 2017. The non-MTOC cohort con-
sisted of all other tumor registry patients with NSCLC in

http://creativecommons.org/licenses/by-nc-nd/4.0/
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the same time period. Because the eMTOC was based in
metropolitan Memphis, we separated the non-MTOC
cohort into “metropolitan” and “regional” subcohorts
on the basis of the Rural-Urban Commuting Area code of
the institution where each patient’s care was registered.
Codes 1 to 3 are considered urban, 4 or higher, rural.19

We also identified patient-level rurality on the basis of
each patient’s zip code of residence at the time of lung
cancer diagnosis.20

Using National Comprehensive Cancer Network
guidelines, we categorized treatment as “stage-
preferred” when the primary treatment for patients with
that clinical stage was administered and “stage-appro-
priate” to include alternative evidence-based treatment
modalities which might be received under certain cir-
cumstances (Supplementary Table A.1).21 Stage was
based on the seventh edition of the American Joint
Committee on Cancer definitions.

Statistical Analysis
With three exclusive cohorts, eMTOC, metropolitan

non-MTOC, and regional non-MTOC, we summarized
demographic characteristics, clinical stage, and
guideline-concordant care using appropriate summary
statistics. We compared characteristics across groups
with chi-square or Kruskal-Wallis tests. We used Kaplan-
Meier plots and log-rank tests to compare overall and
stage-stratified survival and calculated hazard ratios
(HRs) with 95% confidence intervals (CIs) using Cox
proportional regression. Proportional hazard assump-
tion was inspected visually. We evaluated the unadjusted
univariable association between the hazards of death
and our cohorts and then further adjusted for potential
confounders or effect modifiers.

Confounding (when a factor not in the causal
pathway influences the primary association of interest)
was identified when the crude and adjusted bivariable-
level HR differed by more than 10%. Effect modifica-
tion (when a variable not in the causal pathway in-
fluences the primary association of interest to varying
degrees across its levels) was identified when a signifi-
cant, bivariable, interaction term existed between the
potential effect modifier and primary predictor (p <

0.05). The fully adjusted model included all confounders
and significant effect modifiers. Variables considered for
confounding and effect modification included age, sex,
race, insurance, and clinical stage.

Rural patients are more likely to attend rural in-
stitutions, metropolitan patients to attend metropolitan
institutions, and the eMTOC was located in a metropol-
itan part of the health care system. Therefore, it was
questionable whether patient-level rurality (defined by
the Rural-Urban Commuting Area code of the patient’s
zip code of residence at the time of cancer diagnosis) is
in the causal pathway or associated with our exposure
groups (institution-level rurality). For this reason, we
excluded patient-level rurality from the primary anal-
ysis. We adjusted for multiple comparisons among the
groups using Tukey’s adjustments, or the false discovery
rate where indicated.22

Additional Sensitivity Analyses
To minimize the impact of the asymmetric distri-

bution of demographic and clinical characteristics be-
tween cohorts, we performed stabilized inverse
probability weighting (SIPW) and propensity-matched
analysis.23 Both approaches aim to balance baseline
covariates that might bias our primary association.
Propensity-matched analyses force balance between
exposure groups but can greatly reduce sample size
and power. Therefore, we also used the SIPW
approach, weighting for age, race, sex, insurance, and
clinical stage. We excluded patients with unknown
clinical stage in our primary analysis.

After propensity weighting or matching, we stratified
by receipt of guideline-concordant treatment and re-
evaluated HRs. Because guideline-concordant care can
influence survival, stratification enables comparison of
patients with similar care. For additional rigor, we
repeated both propensity analyses, including patient-
level rurality as an adjuster.

The asymmetrical distribution of missing clinical
stage raised concern for misclassification bias and the
absence of performance status and comorbidity data
raised the possibility of differences in the prevalence
of competing causes of mortality between cohorts. To
evaluate this, we made four independent assumptions
to encapsulate the “best case” and “worst case” sce-
narios: first, we assumed that patients with a reported
stage but no treatment received stage-preferred
treatment (assuming they were all moribund patients
for whom end-of-life care is preferable); second, we
assumed that those missing a stage-appropriate indi-
cator (owing to missing clinical stage) all received
guideline-concordant care; third, we assumed that
these same patients did not receive guideline-
concordant care; fourth, we assumed that patients
who were missing clinical stage information but
received some treatment had received guideline-
concordant care and those missing clinical stage who
received no treatment had not received guideline-
concordant care. For each of these settings, we reran
our propensity analyses outlined previously. This
allowed us to evaluate the impact of “missingness” and
possible misclassification across the groups. We also
reconstructed our Kaplan-Meier plots after eliminating
those who received no treatment to control
missingness.



Table 1. Characteristics of Baptist Memorial Healthcare Corporation NSCLC Tumor Registry Cohort

Demographics Tumor Registry Cohort eMTOC Metropolitana Regionalb

N (%) 6259 864 (14) 3464 (55) 1931 (31)
Racec

White 4503 (71.9) 564 (65.3) 2446 (70.6) 1493 (77.3)
Black or African American 1688 (27) 291 (33.7) 966 (27.9) 431 (22.3)
Other/unknown 68 (1.1) 9 (1) 52 (1.5) 7 (0.4)

Sexc

Female 2857 (45.7) 435 (50.3) 1613 (46.6) 809 (41.9)
Male 3400 (54.3) 429 (49.7) 1849 (53.4) 1122 (58.1)

Age in y, median (IQR) 68 (61–75) 68 (61–75) 68 (61–75) 69 (61–76)
Insurancec

Medicare 1444 (23.1) 197 (22.8) 872 (25.2) 375 (19.4)
Medicaid 953 (15.2) 119 (13.8) 445 (12.8) 389 (20.1)
Commercial 3157 (50.4) 454 (52.5) 1726 (49.8) 977 (50.6)
Uninsured 705 (11.3) 94 (10.9) 421 (12.2) 190 (9.8)

Clinical stage groupingc,d

Early: I/II/IIIA(T3/N1) 1741 (27.8) 352 (40.7) 823 (23.8) 566 (29.3)
Locally-advanced: IIIA(T4/N2)/IIIB 1128 (18) 189 (21.9) 540 (15.6) 399 (20.7)
Advanced: IV 2745 (43.9) 246 (28.5) 1606 (46.4) 893 (46.2)
Unknown 645 (10.3) 77 (8.9) 495 (14.3) 73 (3.8)

Patient ruralityc

Not rural 3760 (60.1) 693 (80.2) 2687 (77.6) 380 (19.7)
Rural 2499 (39.9) 171 (19.8) 777 (22.4) 1551 (80.3)

Treatment
Stage-preferred treatment ratec,e 3087 (55) 520 (66.1) 1675 (56.4) 892 (48)
Guideline-concordant treatment ratec,e,f 3839 (68.4) 618 (78.5) 2051 (69.1) 1170 (63)
No treatment ratec 1376 (22.0) 58 (6.7) 755 (21.8) 563 (29.2)

aMetropolitan: patients without care planning through the eMTOC, who received care within metropolitan Memphis.
bRegional: patients without care planning through the eMTOC, who received care within institutions outside greater metropolitan Memphis.
cIndicates statistically significant differences across the three cohorts (all p < 0.05).
dGrouped according to guideline-concordant treatment approach-surgery for early stage, concurrent chemoradiation for locally advanced, palliative systemic
therapy for advanced.
eAccording to National Comprehensive Cancer Network guidelines.
fIncluding alternative treatment recommendations acceptable under certain circumstances.
eMTOC, enhanced Multidisciplinary Thoracic Oncology Conference; IQR, interquartile range.
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Results
Distribution of Patient Demographic
Characteristics

From 2011 to 2017, a total of 6259 patients with
NSCLC were registered among the five hospital reg-
istries, of which 864 (14%) were discussed in
eMTOC, 3464 (55%) received non-MTOC care
through metropolitan hospitals, and 1931 (31%)
received non-MTOC care in regional hospitals
(Table 1). The eMTOC proportion of all patients in
the study timespan evolved from 5% in 2011 to 21%
in 2017 (Fig. 1A–C). The eMTOC proportion of all
metropolitan and regional patients was 19.1% and
2.3%, respectively.

Key demographic and clinical characteristics were
unevenly distributed among the three cohorts
(Table 1). Notably, eMTOC had the highest proportions
of black (34% eMTOC versus 28% metropolitan versus
22% regional), female (50%, 47%, and 42%, respec-
tively), stages I to IIIB (63%, 39%, 50%, respectively),
and urban-residing patients (80%, 78%, and 20%,
respectively). The non-MTOC regional cohort had the
highest percentage of Medicaid insurance (14%, 13%,
and 20%, respectively), and the non-MTOC metropol-
itan cohort had the highest proportion of Medicare
insurance (23%, 25%, 19%, respectively). The fre-
quency of commercial insurance was similar across all
groups.
Treatment Patterns According to Cohort
In the whole cohort, 3087 (55%) received stage-

preferred treatment and 752 patients (12%) received
stage-appropriate alternative treatment modalities, for a
total of 3839 (68%) who received guideline-concordant
treatment. eMTOC patients most often received stage-
preferred treatment (66% versus 56% versus 48%, p
< 0.001) and guideline-concordant treatment (79%
versus 69% versus 63%, p < 0.001). They also had the
lowest proportion without treatment (7% versus 22%
versus 29%, p < 0.001).
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Figure 1. Enhanced MTOC penetration over time: (A) within the tumor registry overall; (B) among metropolitan patients; (C)
among regional patients. MTOC, Multidisciplinary Thoracic Oncology Conference.
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Survival
Among the 6259 patients, 60% had died as of

December 31, 2017, with a median survival time of 16.8
months from the date of diagnosis. The aggregate sur-
vival probability was 57% (95% CI: 56%–58%) at one
year, 38% (37%–40%) at 3 years, and 32% (31%–34%)
at 5 years. The median 1-, 3-, and 5-year survival prob-
abilities of the eMTOC, non-MTOC metropolitan, and
non-MTOC regional cohorts were as follows: median
36.7 months (95% CI: 30.4–42.8) versus 16.2 months
(14.6–17.8) versus 13.3 months (11.8–14.8), log-rank p
value less than 0.001; 1-year survival 72% (69–75)
versus 56% (55–58) versus 52% (49–54); 3-year sur-
vival 51% (47–54) versus 39% (37–40) versus 32%
(30–34); 5-year 40% (36–45) versus 33% (31–35)
versus 27% (25–30) (Fig. 2A).

When the cohort was further stratified by stage, there
remained significant differences in overall survival
among early stage patients, defined as clinical stages I to
IIIA (T3N1), for whom primary surgical resection is the
preferred treatment (Supplementary Fig. A.1, log-rank p
< 0.001), and clinical stage IV (Supplementary Fig. A.2, p
< 0.001). The difference in patients with locally
advanced disease, clinical stages IIIA with T4 or N2 and
IIIB, was not statistically significant (Supplementary
Fig. A.3, p ¼ 0.2098). In an analysis restricted to
persons who received treatment, there remained signif-
icant differences in overall survival (Fig. 2B, log-rank
p < 0.001).

In a crude Cox proportional hazards model (Table 2),
eMTOC patients had significantly lower hazard of death
than metropolitan non-MTOC patients (HR ¼ 0.65, 95%
CI: 0.58–0.73) and regional non-MTOC patients (0.58
[0.52–0.66]); regional patients had significantly higher
hazards than metropolitan patients (1.11 [1.04–1.20]).
We identified no confounders. Insurance and clinical
stage were the only effect modifiers. We therefore
conducted additional analysis stratifying the cohort by
insurance and treatment-related stage groupings (early,
locally advanced, and advanced) before evaluating the
survival impact of the model and location of care
delivery.

eMTOC patients had significantly lower hazards of
death than metropolitan patients among early or
advanced stage patients with commercial insurance,
Medicare patients, and patients with no, or unknown,
insurance regardless of stage grouping (Fig. 3A).
Compared with regional patients, hazards were also
significantly lower for commercially insured eMTOC
patients with early or late stage and for those with no or
unknown insurance who had late or early stage
compared (Fig. 3B). There were no subsets of patients in
whom non-MTOC care was associated with superior
survival. Regional patients had higher hazards than late-
stage metropolitan patients with commercial, Medicaid,
or patients with no or unknown insurance (Fig. 3C).
Propensity Analysis

In both propensity analyses, eMTOC patients had
significantly lower hazards compared with metropolitan
and regional patients (Table 2). The SIPW approach
indicated that regional patients had significantly higher
hazards than metropolitan patients, but the matched
approach revealed no differences.

There was no significant difference in hazard for
death between metropolitan patients managed within
or outside the eMTOC (HR ¼ 0.95, 95% CI: 0.83–1.09,
adjusted p ¼ 0.7608 by SIPW; HR ¼ 0.8 [0.59–1.09],
adjusted p ¼ 0.3237 in matched analysis, Table 3)
among those with stage-preferred treatment. Care
within the eMTOC remained significantly less hazard-
ous for non-recipients of stage-preferred treatment
(HR ¼ 0.73 [0.61–0.86], adjusted p ¼ 0.0008 in SIPW



Figure 2. Survival of patients with NSCLC receiving care within the Baptist Memorial Healthcare Corporation from 2011 to
2017, stratified by model and location of care delivery. Multidisciplinary case planning (eMTOC) versus nonmultidisciplinary
case planning before care within metropolitan Memphis hospitals (non-MTOC: metropolitan) versus nonmultidisciplinary case
planning before care within regional hospitals (non-MTOC: regional). (A) Includes patients who received no treatment. (B)
Excludes patients who received no treatment. eMTOC, enhanced Multidisciplinary Thoracic Oncology Conference; MTOC,
Multidisciplinary Thoracic Oncology Conference.
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analysis; HR ¼ 0.48 [0.31–0.73], adjusted p ¼ 0.0018 by
propensity matching).

eMTOC patients had lower hazard for death than
regional patients, irrespective of receipt of stage-
preferred treatment in the SIPW analysis (HR ¼ 0.81 [
0.7–0.93], adjusted p ¼ 0.0112 with stage-preferred
treatment; HR ¼ 0.71 [0.59–0.84], adjusted p ¼ 0.0003
without receipt of stage-preferred treatment). In the



Table 2. Cox Proportional Hazard Model With Stabilized Inverse Probability Weighting Propensity and Propensity-Matched
Analyses

Care Delivery Hazard Ratio (95% CI) Unadjusted p Value Adjusted p Valuea

Crude (no adjustments)
eMTOC vs. non-MTOC: metropolitan 0.65 (0.58–0.73) <0.0001 <0.0001
eMTOC vs. non-MTOC: regional 0.58 (0.52–0.66) <0.0001 <0.0001
Non-MTOC: regional vs. metropolitan 1.11 (1.04–1.20) 0.0038 0.0106

Stabilized inverse probability weightingb

eMTOC vs. non-MTOC: metropolitan 0.83 (0.74–0.92) 0.0005 0.0014
eMTOC vs. non-MTOC: regional 0.73 (0.65–0.81) <0.0001 <0.0001
Non-MTOC: regional vs. metropolitan 1.14 (1.06–1.23) 0.0004 0.0012

Propensity-matchedb

eMTOC vs. non-MTOC: metropolitan 0.63 (0.5–0.81) 0.0002 0.0007
eMTOC vs. non-MTOC: regional 0.63 (0.49–0.82) 0.0005 0.0016
Non-MTOC: regional vs. metropolitan 1.00 (0.85–1.17) 0.9700 0.9992

Note: Excluding patients with unknown stage. Non-MTOC metropolitan: patients without care planning through the eMTOC, who received care within
metropolitan Memphis; non-MTOC regional: patients without care planning through the eMTOC, who received care within institutions outside greater
metropolitan Memphis.
aMultiple comparisons adjusted using Tukey’s correction.
bPropensity adjusting for age, race, sex, insurance, and clinical stage.
CI, confidence interval; eMTOC, enhanced Multidisciplinary Thoracic Oncology Conference; MTOC, Multidisciplinary Thoracic Oncology Conference.
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propensity-matched analysis, eMTOC patients who
received stage-preferred treatment had a HR of 0.76
(0.54–1.06), p value equals to 0.2272 compared with
regional patients. eMTOC patients who did not receive
stage-preferred treatment had a HR of 0.53 (0.34–0.82),
adjusted p value equals to 0.0117, compared with
regional patients. Hazard for death was significantly
higher in regional patients who received stage-preferred
treatment, compared with metropolitan patients in the
SIPW analysis, but not in patients who did not receive
stage-preferred treatment, and there was no significant
difference in either subset of patients in the propensity-
matched analysis (Table 3). Essentially similar results
were observed when stratified by stage-appropriate
treatment (Table 3).

Sensitivity Analyses

Because we lacked data on patients’ performance
status, which may influence treatment and to evaluate
the impact of asymmetry in the distribution of missing
clinical stage data, we repeated the propensity analyses
under different hypothetical scenarios. In scenario 1, we
assumed that patients with a clinical stage but no
treatment had received guideline-concordant treatment,
after excluding patients with missing clinical stage
(Supplementary Table A.2). Scenario 2 included
patients with missing clinical stage and assumed that
they had received guideline-concordant treatment
(Supplementary Table A.3) or (scenario 3) assumed that
they had not received guideline-concordant treatment
(Supplementary Table A.4). In scenario 4, we categorized
those with a missing stage who received any treatment
as having received guideline-concordant treatment
and those who did not receive any treatment as
not having received guideline-concordant treatment
(Supplementary Table A.5). The hazard of eMTOC re-
cipients was consistently lower (with or without statis-
tical significance) than non-MTOC participants in all
scenarios; and the hazard of regional non-MTOC patients
was higher in comparison to metropolitan non-MTOC
recipients in most scenarios. Adjustment for patient-
level rurality did not change these relationships (data
not found).
Discussion
From 2011 to 2017, although only 14% of patients

with NSCLC received any form of structured multidisci-
plinary care planning, this trend increased over time,
especially in the metropolitan health care system (Fig. 1).
eMTOC patients were significantly more likely to receive
any treatment and to receive guideline-concordant
treatment. They also had significantly better survival,
even after adjusting for potential confounding factors
emanating from asymmetric distributions of de-
mographic, clinical, and treatment characteristics. We
designed the multidisciplinary program to have open
access to indigent and racial minority patients, and
through video conferencing, to patients and providers in
more rural parts of the health care system. Although we
excluded all patients with missing clinical stage infor-
mation in the primary analysis, we included those who
received no treatment, because one of the known attri-
butes of multidisciplinary care is ensuring timely access
to specialist treatment.5,6,24,25

The eMTOC was solely a decision-making forum. All
patients received their diagnostic, staging, and
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Figure 3. Forest plots illustrating hazard ratios and 95% confidence intervals of cohorts stratified by insurance and treatment-
related stage groupings (early, locally advanced, and advanced). (A) Multidisciplinary case planning (eMTOC) versus non-
multidisciplinary case planning before care within metropolitan Memphis hospitals (non-MTOC: metropolitan). (B) eMTOC
versus nonmultidisciplinary case planning before care within regional hospitals (non-MTOC: regional). (C) Non-MTOC: regional
versus non-MTOC: Metropolitan. Because of software limitations, the adjusted p values presented use the false discovery rate
for multiple comparison adjustments. eMTOC, enhanced Multidisciplinary Thoracic Oncology Conference; MTOC, Multidis-
ciplinary Thoracic Oncology Conference.
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Table 3. Cox Proportional Hazard Model With Stabilized Inverse Probability Weighting Propensity and Propensity-Matched
Analyses Stratified by Stage-Preferred Treatment Status

Care Delivery Hazard Ratio (95% CI) Unadjusted p Value Adjusted p Valuea

Stratified by stage-preferred treatment
Stabilized inverse probability weightingb

Among those with stage-preferred treatment
eMTOC vs. non-MTOC: metropolitan 0.95 (0.83, 1.09) 0.4811 0.7608
eMTOC vs. non-MTOC: regional 0.81 (0.7–0.93) 0.0040 0.0112
Non-MTOC: regional vs. metropolitan 1.18 (1.06–1.31) 0.0022 0.0064

Among those without stage-preferred treatment
eMTOC vs. non-MTOC: metropolitan 0.73 (0.61–0.86) 0.0003 0.0008
eMTOC vs. non-MTOC: regional 0.71 (0.59–0.84) 0.0001 0.0003
Non-MTOC: regional vs. metropolitan 1.03 (0.93–1.14) 0.5943 0.8553

Propensity matchedb

Among those with stage-preferred treatment
eMTOC vs. non-MTOC: metropolitan 0.8 (0.59–1.09) 0.1518 0.3237
eMTOC vs. non-MTOC: regional 0.76 (0.54–1.06) 0.1002 0.2272
Non-MTOC: regional vs. metropolitan 1.06 (0.83–1.34) 0.6486 0.8919

Among those without stage-preferred treatment
eMTOC vs. non-MTOC: metropolitan 0.48 (0.31–0.73) 0.0006 0.0018
eMTOC vs. non-MTOC: regional 0.53 (0.34–0.82) 0.0042 0.0117
Non-MTOC: regional vs. metropolitan 0.9 (0.73–1.13) 0.3705 0.6431

Stratified by stage-appropriate treatment
Stabilized inverse probability weightingb

Among those with stage-appropriate treatment
eMTOC vs. non-MTOC: metropolitan 0.91 (0.8–1.03) 0.1244 0.2739
eMTOC vs. non-MTOC: regional 0.83 (0.73–0.95) 0.0061 0.0168
Non-MTOC: regional vs. metropolitan 1.09 (1–1.2) 0.0651 0.1552

Among those without stage-appropriate treatment
eMTOC vs. non-MTOC: metropolitan 0.69 (0.56–0.86) 0.0007 0.002
eMTOC vs. non-MTOC: regional 0.6 (0.48–0.74) <0.0001 <0.0001
Non-MTOC: regional vs. metropolitan 1.15 (1.03–1.3) 0.0171 0.045

Propensity matchedb

Among those with stage-appropriate treatment
eMTOC vs. non-MTOC: metropolitan 0.71 (0.54–0.94) 0.0167 0.0440
eMTOC vs. non-MTOC: regional 0.75 (0.55–1.02) 0.0633 0.1514
Non-MTOC: regional vs. metropolitan 0.95 (0.77–1.17) 0.6187 0.8724

Among those without stage-appropriate treatment
eMTOC vs. non-MTOC: metropolitan 0.48 (0.28–0.8) 0.0049 0.0136
eMTOC vs. non-MTOC: regional 0.46 (0.27–0.78) 0.0041 0.0114
Non-MTOC: regional vs. metropolitan 1.03 (0.8–1.34) 0.7979 0.9645

aMultiple comparisons adjusted using Tukey’s correction.
bPropensity adjusting for age, race, sex, insurance, and clinical stage.
Note: Excluding patients with unknown stage. Non-MTOC metropolitan: patients without care planning through the eMTOC, who received care within
metropolitan Memphis; non-MTOC regional: patients without care planning through the eMTOC, who received care within institutions outside greater
metropolitan Memphis. CI, confidence interval; eMTOC, enhanced Multidisciplinary Thoracic Oncology Conference; MTOC, Multidisciplinary Thoracic Oncology
Conference.
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treatment procedures within the same health care
system, linking the survival benefit to the decision-
making process. The survival benefit may be attrib-
uted to the greater likelihood of receiving any treat-
ment, especially, guideline-concordant treatment. This
is supported by the finding that metropolitan non-
MTOC recipients of stage-preferred treatment had
similar survival to the eMTOC patients. This was not
the case in the regional non-MTOC patients, for whom
rural cancer care delivery might pose additional
challenges.20,26,27
We provide robust evidence for survival benefit from
multidisciplinary decision-making. Reasons for the sur-
vival benefit of eMTOC decision-making may include
improved staging, higher rates of delivery of guideline-
concordant care, in particular, stage-preferred treat-
ment (such as surgical resection for early stage and
multimodality therapy for stage III NSCLC). For example,
a recent analysis of the U.K.’s National Lung Cancer Audit
revealed that fewer than 20% of patients with stage III
NSCLC received multimodality treatment, 34% received
only palliative treatment, 36% received no treatment,
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and aggregate 1-year survival was 32.9%.28 The pro-
portion of patients who received no treatment was
lowest in the eMTOC cohort. Although this might indicate
a referral bias toward healthier patients in the eMTOC, it
might also indicate the value of more appropriately
timely care delivery within the multidisciplinary care
structure.

Existing studies of multidisciplinary care have been
criticized for being small, noncomparative, non-
contemporaneously comparative, or for not clearly
defining “multidisciplinary.”3,5,6,29,30 Most did not
attempt, or failed, to reveal a survival benefit.5,6,10,31,32 A
large, multi-institutional retrospective analysis of tumor
boards in the U.S. Veterans Affairs Health care system
revealed no impact on receipt of guideline-concordant
care or survival for lung cancer, among other can-
cers.10 Nevertheless, a few studies have revealed an as-
sociation between multidisciplinary lung cancer care and
survival. One was a 117-person, single-institutional,
noncontemporaneously controlled, preimplementation
versus postimplementation analysis,33 and another was
a single-institutional retrospective analysis spanning 15
years.11 A retrospective cohort analysis of a Taiwanese
national registry data also revealed a survival benefit,
but it did not characterize the multidisciplinary structure
nor specify how that cohort was identified.34 A retro-
spective analysis of 515 patients with stage III NSCLC
treated at Taipei Veterans General Hospital identified
multidisciplinary decision-making, T-category, perfor-
mance status, and use of surgery as variables with in-
dependent association with survival.13 Recent analyses
of the U.K.’s National Lung Cancer Audit also strongly
support the association between the organization of
services, receipt of guideline-concordant care, and lung
cancer patient outcomes.12,28

Our analytical sample is large, within a relatively
short time span, involves multiple institutions with
different characteristics, includes a contemporaneous
control, and involves a prospective multidisciplinary
care cohort retrieved from a rigorously implemented,
benchmarked, and monitored eMTOC. We used institu-
tional tumor registries to homogenize the data collection
and pragmatically evaluate the impact of the eMTOC.
Conceptually, we connected Donabedian’s three domains
for quality improvement, as follows: structure (eMTOC
versus non-MTOC); process (delivery of guideline-
concordant treatment); and outcome (survival).35 We
provide real-world evidence of the value of multidisci-
plinary care within a large, diverse, community-based
health care system.

Retrospective analysis of tumor registry data has
inherent limitations, including missing information (e.g.,
performance status, comorbidities, patient-physician
interaction, and decision-making), potential
misclassification bias (given the uneven distribution of
unstaged and untreated patients), and potential referral
bias (e.g., preferential referral of healthier and more
resource-replete patients to the eMTOC). Lower rates of
non-treatment with eMTOC might indicate preferential
referral of patients with better performance status, as
might the smaller proportion of patients with advanced
clinical stage. We used propensity and multiple sensi-
tivity analyses, including imputation with extreme as-
sumptions on missing data, to account for such biases
with generally consistent results.

Using the Tumor Registry structure provides a
pragmatic means of measurement, using the same lens
to evaluate the eMTOC cohort in comparison to all
other patients, without the selection bias that a pro-
spective nonrandomly selected control group might
introduce. In addition to a clearly defined and rigor-
ously benchmarked multidisciplinary program, other
strengths of our study include a prospectively identi-
fied eMTOC cohort and the evaluation of a large, “real-
world” multi-institutional cohort. Because 85% of U.S.
lung cancer patients receive care in similar community
based health care systems, our findings are likely to be
generalizable.

In summary, a rigorously implemented eMTOC
improved the care and survival of NSCLC patients in one
of the first studies to reveal a survival benefit from
multidisciplinary planning. This should provide added
impetus to promote adoption within diverse care de-
livery environments. Prospective care planning,
evidence-based decision-making, incorporating team
science principles to ensure optimal communication,
transparent decision-making, and a high level of
compliance with multidisciplinary recommendations are
feasible in nonacademic health care systems. We are
exploring the ability of this approach to overcome
rurality associated disparities in lung cancer care.
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