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Integrated, Multidisciplinary Management of Pulmonary Nodules
Can Streamline Care and Improve Adherence to
Recommendations
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/Abstract. Every year millions of pulmonary nodules are dis- mean of 1.8 appointments (range, 1-10). A total of 356 pro-

covered incidentally and through lung cancer screening pro-
grams. Management of these nodules is often suboptimal,
with low follow-up rates and poor provider understanding
of management approaches. There is an emerging body of
literature about how to optimize management of pulmo-
nary nodules. The Pulmonary Nodule and Lung Cancer
Screening Clinic (PNLCSC) at Massachusetts General Hospi-
tal was founded in 2012 to manage pulmonary nodules via
a multidisciplinary approach with optimized support staff.
Recommendations from clinic providers and treatment
details were recorded for all patients seen at the PNLCSC.
Adherence to recommendations and outcomes were also
tracked and reviewed. From October 2012 to September
2019, 1,136 patients were seen at the PNLCSC, each for a

cedures were recommended by the clinic and 271 patients
were referred for surgery and/or radiation. The majority of
interventions (74%) were recommended at the initial
PNLCSC appointment. In total, 211 patients (19%) evaluated
at the PNLCSC had pathologically confirmed pulmonary
malignancies or were treated empirically with radiation.
Among patients followed by the clinic, the adherence rate
to clinic recommendations was 95%. This study shows how
a multidisciplinary approach to pulmonary nodule manage-
ment can streamline care and optimize follow-up. The
PNLCSC provides a template that can be replicated in other
health systems. It also provides an example of how multi-
disciplinary approaches can be applied to other complex
conditions. The Oncologist 2020;25:431-437

Implications for Practice: This work demonstrates how an integrated, multidisciplinary approach to management of pulmo-
nary nodules can streamline patient care and improve adherence to provider recommendations. This approach has the
potential to improve patient outcomes and reduce health care costs.

INTRODUCTION

A recent study estimated 1.6 million pulmonary nodules
were incidentally discovered on computed tomography
(CT) scans in 2012 [1]. Given trends in imaging use and
demographics, this number could rise to nearly 2 million
incidentally discovered pulmonary nodules by 2022 [2].
Additionally, despite low adherence rates with U.S. Preven-
tive Services Task Force (USPSTF) lung cancer screening rec-
ommendations, it is estimated that between 250,000 and

2.2 million patients received low-dose chest CTs (LDCTs) in
2015 [3-5]. Based on the rate of positive screening seen in
the National Lung Cancer Screening Trial, these LDCTs could
discover several hundred thousand additional pulmonary
nodules requiring follow-up [6].

Frequently, chest CT scans are interpreted by general
radiologists who may lack specialized training in the inter-
pretation and management of pulmonary nodules, and
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Figure 1. Overview of PNLCSC workflow.

Abbreviations: MD, doctor of medicine; PNLCSC, Pulmonary Nodule

physicians ordering the radiology studies similarly feel they
do not have adequate information to appropriately manage
follow-up for pulmonary nodules [7]. Different types of nod-
ules may require follow-up from different specialists—
pulmonologists, medical oncologists, surgical oncologists,
radiation oncologists, infectious disease experts—and many
physicians do not know how to appropriately direct refer-
rals and coordinate follow-up care. These challenges are
some of the reasons as many as 35% of radiology studies
showing pulmonary nodules do not receive appropriate
follow-up [8]. Suboptimal follow-up recommendations,
delays accessing the appropriate specialists, and unneces-
sary procedures can lead to delayed lung cancer diagnoses
[9, 10], more advanced tumor stage at the time of diagno-
sis, worse prognoses, and higher health care costs [11, 12].
As health systems seek to increase value and improve out-
comes, they must develop resources to facilitate timely
interpretation and management of pulmonary nodules.

Several organizations, including the National Comprehen-
sive Cancer Network (NCCN), the Fleischner Society, and the
International Association for the Study of Lung Cancer, have
recommended approaches that include multidisciplinary eval-
uation of lung nodules to ensure timely, appropriate manage-
ment [13-16]. Multiple programs related to lung cancer
screening have been described in the literature. However,
these programs focused on increasing use of screening ser-
vices and developing systems to flag high-risk nodules for
follow-up rather than optimizing the follow-up [17, 18]. There
are no published data on how integrated, multidisciplinary
programs may affect follow-up care and management of pul-
monary nodules. This descriptive study summarizes data from
the first 6 years of the Pulmonary Nodule and Lung Cancer
Screening Clinic (PNLCSC) at Massachusetts General Hospital,
and describes how integrated, multidisciplinary management
may impact patient care.

MATERIALS AND METHODS

The Pulmonary Nodule and Lung Cancer Screening Clinic
(PNLCSC) at Massachusetts General Hospital was founded
in 2012 with the goal of improving the management of pul-
monary nodules. The clinic accepts patients with imaging
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and Lung Cancer Screening Clinic; RN, registered nurse.

findings that meet the following criteria: a lung cancer
screening CT of the chest with a finding of Lung-RADS
4, any pulmonary nodule (subsolid, mixed, or solid) 6 mm
in diameter or greater found incidentally on a CT scan of
the chest or a screen-detected nodule that warrants further
evaluation in the opinion of the referring provider and a
member of the PNLCSC staff. The clinic is staffed by special-
ists from interventional radiology, medical oncology, radia-
tion oncology, surgical oncology, and pulmonology, as well
as nurse practitioners (NPs), an access nurse navigator, and
a tobacco treatment specialist.

Figure 1 illustrates the general structure of the PNLCSC.
Upon referral to the clinic, patients are scheduled for an ini-
tial appointment. Prior to the initial appointment, the nurse
navigator obtains any pertinent radiology images and col-
lates the patients’ medical records. This information is
reviewed in a multidisciplinary meeting held prior to the
clinic where providers collectively determine a preliminary
recommendation for management of the lung nodule and
which specialist should evaluate each patient during the
appointment. Patients are seen at initial visits by one or
more of the team physicians based on the preliminary rec-
ommendations. Follow-up visits in the clinic are discussed
in multidisciplinary preclinic conferences and then seen by
NPs if follow-up surveillance is recommended or by the spe-
cialist physicians if intervention is warranted. All patients
with a history of smoking are offered smoking cessation
counseling with on-site and virtual smoking cessation ser-
vices available. Additional details about the clinic workflow
and structure have been previously reported [19].

All patients are followed within the clinic until a final
treatment plan is recommended (additional imaging,
biopsy, surgery, radiation, or ablation) or it is determined
that their imaging findings are stable and the patient can
return to routine follow-up under the guidance of the refer-
ring physician. Clinic providers follow NCCN and Fleischner
Society guidelines to guide management [13, 16]. Candi-
dates for empiric radiation are selected using established
guidelines [20]. Throughout the time patients are followed
by the PNLCSC, the nurse navigator regularly communicates
with patients in person and via phone to improve patient
comprehension of provider recommendations, ensure
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adherence to these recommendations, and facilitate sched-
uling of imaging and procedures.

The clinic has collected data from all patients seen in
the PNLCSC since 2012. This analysis includes data through
September 30, 2019. When patients come to their initial
PNLCSC consultation, they complete a brief background sur-
vey that includes demographic information and details
about medical care received prior to referral to the PNLCSC.
Clinic staff record the treatment and monitoring plan rec-
ommended for each patient by the PNLCSC team and per-
form chart reviews to record treatment details and
diagnoses. Clinical staff also collect rates of adherence to
clinic recommendations while patients are being actively
followed by the PNLCSC. Institutional review board approval
was received from the Partners Human Research Commit-
tee, and data were stored and managed using a secure
online database. All statistical analyses were done using
Stata version 15.1.

RESULTS

During the period of analysis, 1,136 patients were evaluated
at the PNLCSC. The characteristics of these patients are
described in Table 1. Patient age was normally distributed
with a mean of 67.2 years (SD, 11.1; range, 20-101).
PNLCSC patients were 57.8% female, 89.2% white, and
53.4% married, and 29.2% were college graduates (although
29.0% of patients declined to provide their highest level of
education). The majority (72.4%) of patients were current
or former smokers and 11.8% had known prior asbestos
exposure. Among patients with a history of smoking, mean
pack-year history was 40.3 (SD, 26.0), with a range of
0.1-180. Consistent with the high rate of health insurance
coverage in Massachusetts, approximately 99% of patients
were medically insured. Primary care providers made 63.6%
of the referrals to the PNLCSC, specialists made 27.8% of
the referrals, and 8.5% of patients were self-referred. The
median time interval between the diagnostic study prompt-
ing referral and the initial appointment was 29 days
(range, 1-148).

Most nodules were found incidentally (n = 905, 79.7%),
and 20.3% were found during routine lung cancer screening
(n = 231). The number of referrals to the PNLCSC program
increased annually. The proportion of referrals for
screening-detected nodules also increased each year since
the USPSTF recommendations were first issued in 2013
(Fig. 2). In 2018, the last full year of analysis, 67 nodules
(25.4%) evaluated at the PNLCSC were discovered through
LDCT screening scans. Lung-RADS categorizations were
available for 228 patients at the time of their initial appoint-
ment. Consistent with the referral criteria for the clinic,
Lung-RADS scores for referred patients were skewed
toward the higher scores, with a corresponding higher
probability of malignancy (Table 2). Among patients
referred to the clinic from screening LDCTs, 26 patients had
fewer than 30 pack-years of smoking and 18 patients quit
smoking more than 15 years ago. In total, 17.4% of patients
referred from screening LDCTs (n =40) did not meet
USPSTF criteria for lung cancer screening [21].
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Figure 2. Number of new patients seen at PNLCSC by year
(2012-2018).

Abbreviation: PNLCSC, Pulmonary Nodule and Lung Cancer
Screening Clinic.
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Figure 3. Scatter plot of number of visits vs time followed by
the PNLCSC for each patient evaluated at the clinic, grouped by
type of final PNLCSC recommendation.

Abbreviation: PNLCSC, Pulmonary Nodule and Lung Cancer
Screening Clinic.

Over half the patients (55.0%) were seen at the PNLCSC
clinic just once. The mean number of appointments per
patient was 1.8 (median, 1; range, 1-10). Figure 3 shows
the number of visits per patient and the total time they
were followed by the clinic, categorized by the type of
intervention (biopsy, surgery, radiation therapy, or no inter-
vention) ultimately recommended. Interventions were rec-
ommended to 23.1% (n = 262) of patients at the first visit,
and 73.6% of all interventions recommended by the PNLCSC
were recommended at the initial appointment. PNLCSC pro-
viders recommended further imaging to 81.3% of patients
(n =922), and 18.5% of patients (n = 209) were discharged
from the clinic after the first visit to follow-up with the
referring provider. Supplemental online Table 1 summarizes
recommendations made at initial visits. While patients were
followed by the PNLCSC, the adherence rate to clinic recom-
mendations was 95.0%.

In total, PNLCSC physicians recommended interventions
(biopsy, surgery, or radiation) to 356 patients (Table 3).
Approximately one-quarter (23.8%, n =271) of patients
evaluated at the clinic were recommended to undergo
definitive procedures (surgery or radiation). Of the patients
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Table 1. Demographics of the 1,136 patients seen at the
PNLCSC from October 2012—-September 2019

n (%), unless otherwise

Variable noted
Age, mean (SD) 67.2 (11.1)
Gender
Female 657 (57.8)
Male 479 (42.2)
Race
White 1,013 (89.2)
Asian 44 (3.9)
Black/African-American 37 (3.3)
American Indian/Alaska 2 (0.2)
Native
Hispanic 9 (0.9)
Other 31(2.7)
Education
Less than High School/GED 53 (4.7)
High School/GED 255 (22.5)
Some College/Bachelors 55 (4.8)
College graduate 332 (29.2)
Postgraduate/professional 112 (9.9)
Declined to answer 329 (29.0)
Marital status
Married/living with partner 607 (53.4)
Single, never married 263 (23.2)
Divorced 148 (13.0)
Widowed 90 (7.9)
Declined 28 (2.5)
Health insurance
Medicare/Medicaid 494 (43.5)
Private 630 (55.5)
None/unknown 12 (1.1)
Smoking status
Current 297 (26.1)
Former 526 (46.3)
Never 313 (27.6)
Asbestos exposure
Yes 134 (11.8)
No 842 (74.1)
Unknown 134 (11.8)
TB exposure
Yes 53 (4.7)
No 933 (82.1)
Unknown 150 (13.2)
Abbreviations: GED, General Educational Development; TB,

tuberculosis.

who were recommended surgery or radiation, 203 (87.1%)
underwent surgery and 46 (85.2%) underwent radiation
treatment without having a biopsy before the intervention.
When surgical management was recommended, the median
interval between the initial appointment and surgery was

© AlphaMed Press 2019

Table 2. Lung-RADS categorizations for patients who had
undergone a lung screening computed tomography scan at
the time of initial evaluation

Lung-RADS category n (%)

2 10 (4.4)
2S 5(2.2)
3 10 (4.4)
35S 8(3.5)
4 1(0.4)
4A 72 (31.6)
4AS 59 (25.9)
4B 25 (11.0)
4BS 15 (6.6)
ax 11 (4.8)
4x s 11 (4.8)
s 1(0.4)
Total 228 (100)

Percent refers to percent of pulmonary nodules that had
Lung-RADS categorization assigned at time of initial evaluation.
Most patients did not have Lung-RADS categorization as this is only
assigned on computed tomography (CT) scans ordered as a screen-
ing CT scan.

Table 3. Final intervention recommendations made by
PNLCSC providers

Percent of
PNLCSC Percent of
Recommendations Number patients interventions
Any Intervention 356 31.3 100
Biopsy 122 10.7 34.3
Surgery 233 20.5 65.4
Bronchoscopy 89 7.8 25.0
Mediastinoscopy 15 13 4.2
Wedge resection 105 9.2 29.5
Lobectomy 58 5.1 16.3
VATS 100 8.8 28.1
Segmentectomy 15 13 4.2
Radiation 54 4.8 15.2
No Intervention 780 68.7 -

Multiple interventions were recommended for some patients. Radi-
ation + surgery was recommended to 16 patients.

Abbreviations: PNLCSC, Pulmonary Nodule and Lung Cancer Screen-
ing Clinic; VATS, video-assisted thoracoscopic surgery.

47 days (range, 4-1238). Twelve patients were followed by
the clinic for more than 1 year before undergoing surgery.
In each of these cases, surveillance was recommended at
the first PNLCSC visit and then interval changes led to the
decision to pursue surgery at a later date.

Pathologic diagnoses were recorded for 256 patients
(22.5%) seen at the PNLCSC (Table 4). Non-small cell lung
cancer (NSCLC) was diagnosed in 170 patients. Just three
patients were diagnosed with small cell lung cancer (SCLC),
and 12 nodules were diagnosed as nonpulmonary malignan-
cies. Of patients diagnosed with NSCLC after evaluation at
PNLCSC, 94.3% had stage | or stage Il NSCLC at the time of
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Table 4. Diagnosis and staging information from PNLCSC
patients who underwent procedures that allowed for
pathologic diagnosis

Diagnostic procedure Biopsy Surgery Total®
NSCLC 39 131 170
Adenocarcinoma 28 113 141
AIS/MIA 2 4 6
Stage IA 13 88 101
Stage 1B 1 8 9
Stage IC 2 0 2
Stage IIA 1 5 6
Stage IIB 0 2 2
Stage IlIA 2 2 4
Stage IlIB 2 0 2
Stage IV 0 2 2
Unknown 5 2 7
Squamous cell carcinoma 6 11 17
Stage IA 4 7 11
Stage IB 0 3 3
Stage IIA 0 1
Stage IlIA 1 0
Unknown 1 0 1
Lung carcinoid 4 6 10
Stage IA 3 2 5
Stage 1B 0 2 2
Stage 1IB 0 1 1
Unknown 1 1 2
Other NSCLC 1 1 2
SCLC 2 1 3
LS-SCLC 2 1 3
Other malignancy® 6 6 12
No malignancy® 35 29 64
Nondiagnostic 6 1 7

Total 82 167 256

Bolded rows represent pathologic diagnoses. Additional rows repre-
sent staging information.

#Some patients underwent recommended procedures in different
health systems, so information on diagnosis and staging could not
be recorded.

bOther malignancies included breast adenocarcinoma, hepatocellu-
lar carcinoma, Langerhans cell histiocytosis, melanoma, Miillerian
adenocarcinoma, pancreatic adenocarcinoma, renal cell carcinoma,
squamous cell carcinoma of unknown primary.

“Benign diagnoses included hamartomas, Cryptococcus, granulo-
mas, intraparenchymal lymph nodes, lymphoid hyperplasia.
Abbreviations: AIS, adenocarcinoma in situ; MIA, minimally invasive
adenocarcinoma; LS-SCLC, limited-stage small cell lung cancer;
NSCLC, non-small cell lung cancer; SCLC, small cell lung cancer.

diagnosis. When accounting for the additional 42 patients
who were treated empirically with radiation therapy,
215 patients (18.9%) evaluated at the PNLCSC were diagnosed
with or treated empirically for primary lung malignancies.
Pathology demonstrated no evidence of malignancy in
29 (17.4%) patients who underwent surgical procedures
and 35 (42.7%) of patients who underwent biopsies. Of the
29 patients who underwent surgical procedures and were
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found to have no evidence of malignancy, 5 underwent only
video-assisted  thoracoscopic  surgery  (VATS) or
mediastinoscopy and 19 underwent wedge resections. Five
patients who underwent lobectomies had no evidence of
malignancy on pathology.

DiscussioN

This study describes the experience of over 1,000 patients
seen at one of the first multidisciplinary clinics for the man-
agement of pulmonary nodules. It demonstrates process
outcomes that suggest this approach leads to streamlined
assessment and improved adherence. Patients seen at the
PNLCSC represent a high-risk population, with nearly 20%
of patients ultimately diagnosed with malignancy. Nearly
95% of PNLCSC patients diagnosed with NSCLC had stage |
or stage Il disease at the time of diagnosis, and the median
time interval before intervention for patients was less than
50 days. Most significantly, the adherence rate to clinic rec-
ommendations was approximately 95% across all patients
seen at the clinic. These numbers compare favorably to pre-
viously reported data [22—-24]. Given the high rates of early
stage diagnoses, high adherence rate, and reduced intervals
to initiation of treatment recommended by a multi-
disciplinary team, few PNLCSC patients are lost to follow-up
or experience unnecessary treatment delays. These features
could potentially improve outcomes, improve patient satis-
faction, reduce costs and reduce the frequency of malprac-
tice suits [25, 26].

As with all screening programs, these potential benefits
need to be carefully weighed against the potential harms of
unnecessary invasive procedures [13]. Twenty-nine individ-
uals recommended for surgery, 17.4% of patients who
underwent surgical procedures, were found to have no evi-
dence of malignancy on pathology. Five of these patients
(86.2%) underwent only VATS or mediastinoscopy, the least
invasive approach to obtain tissue from the concerning
lesions. The acceptable rate of benign nodules is not firmly
established, with previously reported rates ranging from
10% to 30% [17, 27]. In many PNLCSC patients, the decision
to pursue upfront resection is influenced by the risk of
biopsy, severity of the imaging findings, and the ability to
do an intraoperative wedge resection or segmentectomy
for pathology confirmation before lobectomy. However, the
potential harms of unnecessary interventions must continue
to be carefully considered in treatment decisions.

This multidisciplinary approach may help avoid some
unnecessary procedures. Eighty-five percent of patients
who underwent radiation therapy (mostly stereotactic body
radiation therapy [SBRT]) after evaluation at the PNLCSC
did so without a preceding biopsy. SBRT without biopsy is
often appropriate if the result of a biopsy is unlikely to
change the management plan, obtaining a biopsy repre-
sents significant risk, and prior testing raises high suspicion
for malignancy [20]. Multidisciplinary evaluation helps iden-
tify the patients who can proceed directly to treatment and
not incur the risk of an unnecessary biopsy. Similarly,
patients with multiple comorbidities or attributes that make
surgery challenging can be simultaneously evaluated for
SBRT without waiting for separate appointments.
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The presence of a nurse navigator within the clinic likely
contributed to the high adherence rates. Several studies
have shown the benefits of nurse navigators in cancer care,
particularly in processes in which patients can easily feel
lost and become lost to follow-up [28—-30]. Pulmonary nod-
ule management is a complex process that can be confusing
for patients. The nurse navigator provides education,
ensures adherence to recommendations, and facilitates
patients’ transitions from the multidisciplinary clinic to indi-
vidual specialists’ care. We believe this role was one of the
primary drivers of the high adherence rates seen at the
PNLCSC.

The effects of the PNLCSC on outcomes, costs, patient
satisfaction, and malpractice claims could not be assessed
with the available data. Future efforts to collect outcomes,
cost, and patient satisfaction data for PLNCSC patients will
improve understanding of the full breadth of the clinic’s
effects. Additionally, developing comparison groups of simi-
lar patients treated in other systems or using other
approaches will create opportunities to more rigorously
evaluate how the PNLCSC affects outcomes, treatment
costs, and patient experience.

The low proportion of minority patients in the study
population limits this analysis. Only 10.8% of the patients
evaluated by the PLNCSC over the period of analysis identi-
fied as minorities. This pattern is consistent with demo-
graphic data from similar institutions providing oncology
care in the region [31]. Prior research has also demon-
strated issues with LDCT screening guidelines and lower
screening rates among minorities that could have reduced
the proportion of minority patients evaluated at this clinic
[32—-34]. Regardless of the reason, these data again high-
light the imperative to improve access to high-quality oncol-
ogy care in minority populations. The lack of racial diversity
in this patient population prevents assessment of how simi-
lar programs may impact care in diverse communities and
whether similar programs could target specific populations
to address health disparities. Given the improved metrics
seen in the clinic population, the lack of minority patients
seen at the PNLCSC could lead to increased racial disparities
if it is not addressed in the future. Recent outreach efforts
by the PNLCSC have resulted in an increased proportion of
minority patients. However, these data do not contain suffi-
cient information to further analyze the reasons minorities
are underrepresented in this patient population.

This retrospective review only includes patients that
were evaluated at the PNLCSC. It does not include all pul-
monary nodules found within this health system. Auto-
mated referrals to PNLCSC would capture a more complete

REFERENCES
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Editor’s Note:

See the related commentary, “Exploring Ways to Improve Access to and Minimize Risk from Lung Cancer Screening,” by
Humberto Choi and Nathan A. Pennell on page 364 of this issue.
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