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Abstract
Purpose  While there is significant mortality and morbidity with lung cancer, early stage diagnoses carry a better prognosis. 
As lung cancer screening programs increase with more pulmonary nodules detected, expediting definitive treatment initia-
tion for newly diagnosed patients is imperative. The objective of our analysis was to determine if the use of a dedicated 
interventional pulmonology practice decreases time delay from new diagnosis of lung cancer or metastatic disease to the 
chest to treatment initiation.
Methods  Retrospective chart analysis was done of 87 consecutive patients with a new diagnosis of primary lung cancer or 
metastatic cancer to the chest from our interventional pulmonology procedures. Demographic information and time intervals 
from abnormal imaging to procedure and to treatment initiation were recorded.
Results  Patients were older (mean age 69) and former or current smokers (72%). A median of 27 days (1–127 days) passed 
from our diagnostic biopsy to treatment initiation. A median of 53 total days (2–449 days) passed from abnormal imaging 
to definitive treatment. Endobronchial ultrasound-guided transbronchial needle aspiration was the most commonly used 
diagnostic procedure (59%), with non-small cell lung cancer the majority diagnosis (64%). For surgical patients, all biopsy-
negative lymph nodes from our procedures were cancer-free at surgical excision.
Conclusions  Compared to prior reports from international and United States cohorts, obtaining a tissue biopsy diagnosis 
through a gatekeeper interventional pulmonology practice decreases median delay from abnormal imaging to treatment 
initiation. This finding has the potential to positively impact patient outcomes and requires further evaluation.
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Abbreviations
Cryo	� Flexible cryoprobe biopsy and tissue 

extraction
EBUS-TBNA	� Endobronchial ultrasound-guided biopsy 

transbronchial needle aspiration
ECH	� El Camino Hospital
EMN	� Electromagnetic navigation-guided biopsy
IP	� Interventional pulmonology
NSCLC	� Non-small cell lung cancer
PAMF	� Palo Alto Medical Foundation
SHN	� Sutter Health Network

Introduction

Lung cancer is the second-most commonly diagnosed 
cancer in the United States and third in the world as well 
as a leading cause of cancer-related deaths [1]. Five-year 
survival rate at diagnosis for all stages of lung cancer is 
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17.7% [1], worse compared to other common cancers. 
However, early stage, or localized disease, carries a much 
better 5-year survival of 55.2% [1]. Thus, it is imperative 
to identify opportunities for early detection.

The National Lung Screening Trial demonstrated that 
screening high-risk patients with annual low-dose CT 
chest scans significantly reduced lung cancer mortality 
[2] and increased early-stage lung cancer detection with 
a decrease in advanced stage lung cancer incidence [3, 
4]. As a result, significant efforts are underway to imple-
ment lung cancer screening protocols with low-dose CT 
scans [5]. While lung cancer screening remains a complex 
process, recent estimates place the number of Americans 
eligible for screening between seven to nine million [6, 7].

While historical incidence rates for pulmonary nod-
ules in the US remained steady for many decades at 
150,000  per  year [8], a more recent evaluation using 
electronic health records and natural language processing 
increased the incidence tenfold to over 1.5 million nodules 
detected per year [9]. With so many new nodules found, 
healthcare providers are challenged by how to appropri-
ately triage these results. Standardized protocols stratify-
ing risk for cancer based on nodule characteristics exist 
[10], yet physician adherence to them varies substantially 
[11].

A significant number of these newly found nodules 
will ultimately undergo a diagnostic biopsy. The clinical 
importance of quickly obtaining a tissue diagnosis has 
been shown as patients with delay from imaging to diag-
nosis of more than four months have significantly worse 
survival [12] and may miss the opportunity to undergo a 
curative procedure [13]. Unfortunately, the time interval 
between initial presentation, tissue diagnosis, and treat-
ment initiation varies quite widely, with prospective stud-
ies reporting a median time from onset of first symptoms 
until treatment initiation between 138 and 189 days [14, 
15]. Furthermore, a recent review of wait times for cancer 
surgery in the US showed an increase in the median time 
from diagnosis to treatment [16].

Interventional pulmonologists are often the first sub-spe-
cialty physicians to evaluate patients with imaging findings 
concerning for lung cancer and may be able to utilize differ-
ent modalities to expedite diagnosis and treatment initiation. 
To address this possibility, we retrospectively reviewed all 
patients seen in our interventional pulmonology (IP) clinic 
which we diagnosed with primary lung cancer or meta-
static cancer to the thorax. We examined the time from our 
diagnostic procedure until definitive treatment initiation. 
We hypothesized that obtaining a tissue biopsy diagnosis 
through a gatekeeper IP practice would facilitate referral for 
definitive treatment by decreasing wait time between these 
two time points, with potentially positive implications for 
patient staging and survival.

Methods

Practice Pattern

All patients were seen at our Mountain View, California 
IP clinic of the Palo Alto Medical Foundation (PAMF), 
which is one of five medical foundations comprising the 
Sutter Health Network (SHN). A Northern Californian-
based not-for-profit comprehensive healthcare system, 
SHN includes physician organizations, acute care hos-
pitals, surgery centers, medical research facilities, and 
training programs. SHN partners with more than 12,000 
doctors to care for more than 3 million people in its health-
care system. Approximately, 700,000 patients are seen at 
PAMF, which cares for patients focused in Alameda, San 
Mateo, Santa Clara, and Santa Cruz counties of North-
ern California. As the only IP clinic in SHN, our practice 
received referrals from physicians within SHN and from 
others outside this healthcare system.

All IP procedures were performed by IP fellows (BSB, 
MP, ES) from the joint University of California, San Fran-
cisco-PAMF fellowship under direct attending supervision 
(GK) at El Camino Hospital (ECH) in Mountain View, 
California. ECH is a non-profit hospital with 300 beds and 
approximately 20,000 inpatient visits and 150,000 outpa-
tient visits in 2017. Procedures were performed in our two 
dedicated, fully equipped IP suites.

Study Cohort

Retrospective chart review was performed of all patients 
consecutively presenting to our IP clinic for evaluation of 
a new imaging abnormality from July 1, 2015 to Decem-
ber 31, 2016 who underwent a diagnostic IP procedure 
resulting in a new primary lung cancer or metastatic can-
cer to the thorax diagnosis. All patients seen and referred 
directly for surgery, transthoracic needle aspiration biopsy, 
or followed with surveillance imaging were excluded. 90 
patients were identified with three patients subsequently 
excluded who were lost to follow-up, leaving 87 patients 
for further analysis.

Demographic data, including age, sex, race/ethnicity, 
and smoking status were obtained. Additionally, charts 
were reviewed for the following event dates: initial abnor-
mal imaging study, initial evaluation in IP clinic, IP proce-
dure, post-procedure presentation to consultative physician 
(thoracic surgery, medical or radiation oncology, or pal-
liative care), and definitive treatment initiation (surgery, 
treatment with chemotherapy, radiation, biological, hor-
monal, or immunological therapy, or initiation of pallia-
tive/hospice care). The types of interventional procedure 
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performed were also recorded. All pathological diagno-
ses from interventional procedures, subsequent surgeries 
where applicable, and discussion with all consultative phy-
sicians were also recorded.

The study protocol was reviewed and approved by the 
institutional review boards of both PAMF and ECH.

Statistical Analysis

Data were analyzed with descriptive statistics to character-
ize the sample and median days between the stages of diag-
nosis and definitive treatment initiation. We used quantile 
regression to compare the median days between the stages 
of diagnosis to definitive treatment initiation by treatment 
type received, while controlling for patient age to control 
for potential differences in time to various stages. Data were 
analyzed with STATA, version 14.2 (College Station, TX).

Results

Demographics

From July 2015 to December 2016, 87 patients underwent 
an IP procedure leading to a new diagnosis of primary lung 
cancer or metastatic thoracic disease (Table 1). At proce-
dure, patients were generally older (mean age 69, range 
26–91) and former or current smokers (72%). The majority 
were female (57%) and Caucasian (77%).

Age‑Adjusted Median Wait Times

Median time from initial abnormal chest imaging to IP pro-
cedure was 17 days (1–322 days) (Table 2), with patients 
eventually undergoing surgery waiting longest. After our 
diagnostic procedure, a median of 8 days (1–68  days) 
elapsed before further evaluation with a consultative physi-
cian. A median of 27 days (1–127 days) elapsed from diag-
nostic IP procedure before definitive treatment initiation, 
with hospice, palliative care, or surveillance (three patients 
total, 2 carcinoid diagnoses, 1 metastatic renal cell carci-
noma diagnosis) initiated quickest. For all patients, a median 
of 53 days (2–449 days) passed from abnormal imaging to 
definitive treatment. Our quantile regression models showed 
no significant differences in age-adjusted median time 
through the diagnostic stages by treatment type. Patients 
who received chemotherapy and radiation had significantly 
longer median times between their IP procedure and meeting 
with a consulting physician (p < 0.05).

Interventional Pulmonology Procedures

115 total IP procedures were performed on 87 patients 
(Table 3). Endobronchial ultrasound-guided transbronchial 
needle aspiration (EBUS-TBNA) (59%) was used most fre-
quently, followed by electromagnetic navigation bronchos-
copy (ENB) (31%), and flexible cryoprobe biopsy and tissue 
extraction (Cryo) (10%) (Table 3). Multiple modalities were 
often used together (31% combined vs 69% single modality).

Pathology and Staging

Multiple cancers types were diagnosed by our IP proce-
dures, with non-small cell lung cancer and pulmonary ade-
nocarcinoma and squamous cell carcinoma comprising the 
majority (64%) (Table 4). Of the 21 patients undergoing 
surgery, a high concordance was seen between our initial 
pathological diagnosis and that obtained at surgery. Four 
diagnoses were further clarified as pulmonary adenocarci-
noma [initially diagnosed as atypical cells (two), neoplastic 
cells (one), or non-small cell lung cancer (one)] and one 
diagnosis was changed from squamous cell to large cell 
carcinoma. Additionally, all biopsy-negative lymph nodes 
from our IP procedures were cancer-free after surgical 
excision. With this information, we compiled final staging 
for all patients with newly diagnosed NSCLC (Table 5).

Discussion

Lung cancer is a devastating disease with both significant 
morbidity and mortality. To the best of our knowledge, we 
present the first study looking at the impact of a dedicated IP 

Table 1   Demographic characteristics

Data are expressed as mean (range) or number (%)
IP interventional pulmonology

Characteristic Mean (range)

Age at IP procedure 69 (26–91)

N (%)

Race/ethnicity
 White 67 (77)
 Asian 13 (15)
 Indian 4 (5)
 Black 2 (2)
 Hispanic 1 (1)

Sex
 Female 50 (57)
 Male 37 (43)

Smoking status
 Current 6 (7)
 Former 57 (65)
 Never 24 (38)
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practice on wait times between tissue diagnosis and defini-
tive treatment initiation for new lung cancer diagnoses. We 
found a decrease in delay from abnormal imaging date to 
tissue diagnosis and from tissue diagnosis to definitive treat-
ment in our patients compared to published reports from 
international groups and a similar value compared to other 
US groups.

In our dedicated IP practice, patients waited an age-
adjusted median of 17 days (1–322 days) from imaging 
study until biopsy diagnosis, with an additional median of 
27 days (1–127 days) passing before treatment initiation 
(Table 2). The total delay from image abnormality to defini-
tive treatment was a median of 53 days (2–449 days). Multi-
ple international studies have shown a wide range of delays 
as patients traverse their healthcare systems. 108 NSCLC 
lung cancer patients undergoing curative-intent surgery in 
Nova Scotia, Canada waited a median of 141 and 107 days 

between detection and initiation of chemotherapy and sur-
gery, respectively [17]. Similarly, 256 patients in Montreal 
had a median delay of 208 days from initial physician con-
tact or symptoms onset and surgery [18]. Another study of 
231 British Columbia patients reported a median delay of 
65.5 days from lung cancer detection on imaging to radia-
tion and/or chemotherapy treatment [19]. A smaller prospec-
tive study of 52 patients in Ontario reported a median delay 
of 138 days from symptom development to treatment [14], 
while a Swedish study of 134 patients reported a median 
time of 189 days [15] and a Finish study of 132 patients 
reported a delay of 112 days [20].

Reported US wait times have been generally lower, but 
much of the data comes from the Veterans Affairs Health 
Care System [21, 22], which relies on a different medical 
system than what is available to most Americans. A single 
site review of 129 patients reported a median delay from 

Table 2   Age-adjusted median wait times from initial abnormal chest imaging to interventional pulmonology procedure and to definitive treat-
ment

Consultant = median days to first visit with thoracic surgery, medical oncology, radiation oncology, or palliative care after IP procedure
Other therapies = biological (9), hormonal (1), and immunotherapy (1)
Surveillance = Two patients with diagnoses of carcinoid, one patient with a diagnosis of metastatic renal cell carcinoma
IP interventional pulmonology
*p < 0.05

Treatment Number Image to IP procedure IP procedure to 
consultant

IP procedure to defini-
tive treatment

Total wait time

Median days (range)

Surgery 21 26.6 (9–322) 11.1 (1–63) 32.1 (1–127) 72 (30–449)
Chemotherapy 23 17.5 (3–268) 9.7 (1–25) 27.2 (5–61) 50 (12–294)
Radiation 17 16.0 (1–74) 7.8 (1–47) 34.2 (1–70) 58 (2–132)
Chemotherapy and radiation 9 19.5 (6–71) 14.5 (1–29)* 42.5 (4–49) 59 (15–113)
Other therapies 11 14.2 (2–183) 5.9 (1–195) 20.3 (8–41) 31 (21–216)
Hospice/palliative care 3 10.4 (14–22) 1.9 (1–11) 4.2 (2–27) 24 (21–41)
Surveillance 3 15.4 (8–22) 8.1 (1–13) 8.5 (1–13) 27 (9–28)
Total 87 17 (1–322) 8 (1–68) 27 (1–127) 53 (2–449)

Table 3   Interventional 
pulmonology procedures used 
to establish a new cancer 
diagnosis

Data are expressed as number (%)
EBUS endobronchial ultrasound-guided biopsy, EMN electromagnetic navigation-guided biopsy, Cryo flex-
ible cryoprobe biopsy and tissue extraction

EBUS procedures N (%) EMN procedures N (%) Cryo procedures N (%)

Alone 41 (36) Alone 15 (13) Alone 4 (3)
With EMN 20 (17) With EBUS 20 (17) With EBUS 5 (4)
With Cryo 5 (4) With Cryo 1 (1) With EMN 1 (1)
With EMN and Cryo 1 (1) With EBUS and Cryo 1 (1) With EBUS and EMN 1 (1)
Total 67 (58) Total 37 (32) Total 11 (10)
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an initial suspicion of cancer to treatment of 84 days [21]. 
A larger review of 2372 veterans diagnosed with lung can-
cer at 127 VA medical centers revealed median delays from 
initial radiographic suspicion to first pulmonary visit, diag-
nosis, and treatment of 18, 33, and 63 days, respectively 
[22], slightly worse than our overall data. In 2006, Medi-
care beneficiaries experienced a median delay of 24 days 
between diagnosis of lung cancer and initiation of chemo-
therapy [23]. A single-center review of 482 patients from the 
University of Texas Southwestern Medical Center revealed 
a median delay of 59 days from imaging to treatment, with 
differences between public (76 days) and private (45 days) 

hospitals [24]. Again, compared to these historical controls, 
our median time intervals are lower.

Reducing delays to lung cancer treatment initiation pre-
vents disease progression and avoids missed opportuni-
ties for possible curative treatment. Multiple prior studies 
of patients undergoing planning PET-CT or interval CT 
scans before radiotherapy for NSCLC have shown interscan 
disease progression [13, 25–27]. Patients may progress to 
incurable disease [13], have a significant change in planned 
therapy from curative to palliative [25], be upstaged and/
or develop distant metastases [26, 27]. Time to diagnosis 
alone also impacts mortality in a small study evaluating 83 
patients, with those waiting more than 4 months having a 
statistically significant worse survival [12].

Because timely movement towards lung cancer diagno-
sis and treatment initiation impacts both treatment options 
and survival, multiple societies developed recommendations 
to optimize this process. A recent comparison of lung can-
cer guidelines in the four most populous Nordic countries, 
Sweden, Denmark, Finland, and Norway, recommended tim-
ing from initial referral to diagnostic workup completion 
be within 26–30 days with an additional 7–15 days before 
treatment initiation [28]. In contrast, the British Thoracic 
Society [29], the National Comprehensive Cancer Network 
[30], and the American College of Chest Physicians [31, 32] 
currently do not propose timelines for evaluating NSCLC. 
Instead, they emphasize that diagnostic and treatment strat-
egies be decided in a multidisciplinary setting and on an 
individual basis with the overall goal to deliver care timely 
and efficiently [31].

We used EBUS-TBNA in the majority of our IP proce-
dures for a tissue diagnosis (59%, Table 3). For mediastinal 
nodal staging in patients with suspected or proven NSCLC, 
it is recommended as the initial procedure over surgical stag-
ing [33, 34] because it has been shown to reduce time to 
treatment decision [35] and is ~ 90–95% accurate [36]. In our 
21 surgical patients, all negative EBUS-TBNA lymph nodes 
were also cancer-free at surgery. While EBUS is widely used 
by many practitioners, debate exists over the minimum num-
ber of procedures needed for proficiency [37] as data sug-
gests continued improvement with additional procedures 
[38]. Similarly, the diagnostic yield of ENB (used in ~ 30% 
of our procedures) also appears to increase with operator 
experience [39]. While controversy still exists over how best 
to implement quality standards for these procedures, there 
may be a specific role for utilizing trained IP physicians 
experienced in these modalities to help decrease diagnostic 
wait times from these important, yet elective, procedures.

While our study is limited in size, preventing our abil-
ity to detect statistically significant differences by treatment 
type in the examined time intervals, the overall patient 
population is similar to many prior published works as 
per the above discussion. Our retrospective analysis of a 

Table 4   Pathological diagnosis from interventional pulmonology pro-
cedures and after final review with consultative services

Final = final diagnosis after review of tissue biopsies with all consul-
tative services after surgical resection
Data are expressed as number (%)
Other includes mantle cell lymphoma (1), mesothelioma (1), 
PEComa (perivascular epithelioid cell tumor) (1), and Sarcoma (1)
Metastatic disease origins include colon primary (1), gynecologic pri-
mary (1), high-grade sarcoma (1), renal cell carcinoma (1), thyroid 
(1), and urothelial carcinoma (1)
IP interventional pulmonology

Pathology IP Final

Adenocarcinoma 38 (44) 47 (54)
Squamous cell carcinoma 11 (13) 11 (13)
Non-small cell lung cancer 13 (15) 8 (9)
Metastatic cancer 6 (7) 6 (7)
Small cell cancer 5 (6) 6 (7)
Atypical cells 3 (3) 0
Neuroendocrine tumor 3 (3) 2 (2)
Carcinoid 2 (2) 3 (3)
Neoplastic cells 2 (2) 0
Other 4 (5) 4 (5)

Table 5   Stages for newly diagnosed non-small cell lung cancers

Data are expressed as number
NSCLC Non-small cell lung cancer

Stage Adenocarcinoma Squamous cell carci-
noma

NSCLC

IA 11 2 0
IB 3 1 0
IIA 2 2 0
IIB 1 0 0
IIIA 5 4 1
IIIB 4 1 1
IV 21 1 6
Total 47 11 8
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single-center experience may not represent a diverse racial, 
ethnic, or socioeconomic group, and thus may not be gen-
eralizable to other populations. Since we looked at only 
one institution, it is also possible that our improved wait 
times reflect efficiencies developed within our system over 
time, making it challenging to directly apply or compare 
our improved results against historical studies. Because all 
patients were referred for IP clinic consultation, we were 
unable to capture initial symptom presentation data, neces-
sitating using the abnormal imaging date as our initial time 
point. It will be of interest to determine if initial symptom 
presentation date can be captured in future studies to further 
clarify the timeline. However, we included all newly diag-
nosed patients, regardless of stage, in our analysis, prevent-
ing potential bias in excluding patients who may present to 
medical care differently and on a different timeline. We also 
present, for the first time, the role of a dedicated IP practice 
in moving patients from diagnosis to definitive treatment 
and describe the potential beneficial impact we have during 
this process.

In conclusion, this study presents, for the first time, the 
positive impact of a well-established, dedicated IP practice 
on the timely diagnosis and treatment of lung cancer. Spe-
cifically, we report shorter delays from abnormal imaging 
to lung cancer diagnosis and from diagnosis to definitive 
treatment with the use of a gatekeeper IP practice compared 
to historical controls. With an increased incidence of pul-
monary nodules and further implementation of lung cancer 
screening programs likely in the future, identifying addi-
tional options for efficiently moving patients towards treat-
ment is essential. Established IP programs offer a wide array 
of diagnostic tools, and based on this single-center study, 
may facilitate patient care from first abnormal imaging study 
to definitive therapy. Future multicenter studies may further 
substantiate the benefit of IP programs in expediting the care 
of patients with malignant thoracic disease.
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