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Background. Quality gaps exist in the diagnostic evaluation of lung cancer patients. The initial CT chest guides the workup of
patients with suspected lung cancer. We sought to determine how frequently CT reports provided guideline-concordant rec-
ommendations with regard to additional imaging studies and/or invasive diagnostic procedures. Methods. This was a retrospective
study. The records of patients referred for investigation of suspected lung cancer between January 1, 2015, and June 30, 2016, were
reviewed. Patients with confirmed lung cancer, for whom CT scan images and reports were available, are included. CT reports were
reviewed, with attention to additional imaging studies and/or invasive diagnostic procedures suggested. These recommendations
were examined against current guidelines for lung cancer diagnosis and staging, based on suspected disease stage. Results. One
hundred forty-six patients are included in the analysis. Most patients were diagnosed with non-small-cell lung cancer (NSCLC),
and 63% had advanced disease (stages IIT and IV). Only 12% of CT reports contained guideline-concordant recommendations for
additional imaging studies, with PET scan suggested in only 6% of reports. Potential invasive diagnostic procedures were
suggested in one fifth of CT reports, and only 58% of these recommendations were in keeping with current guidelines. In
particular, transthoracic needle aspiration (TTNA) was suggested in 26% of patients despite advanced stage disease. Conclusion.
Guideline-concordant recommendations for investigation of suspected lung cancer are rarely available on CT reports. This is true
with respect to both imaging studies and invasive diagnostic procedures. Incorporation of more evidence-based suggestions may
reduce quality gaps in lung cancer diagnosis and staging.

1. Introduction

Lung cancer is the leading cause of cancer death in Canadian
men and women [1]. Disease stage portends prognosis and
guides therapy. Complete staging requires both imaging
studies (CT scan, PET scan + brain imaging) and invasive
diagnostic procedures to achieve the necessary tissue con-
firmation [2]. Invasive testing can often provide simulta-
neous confirmation of tissue diagnosis and disease stage; this
approach is favored as it leads to a more efficient investi-
gation process [3].

Despite the importance of accurate lung cancer staging,
evidence suggests it is often poorly done [4, 5]. Recent

studies, based on clinical and administrative databases, have
highlighted significant quality gaps in the diagnosis and
staging of lung cancer patients [6-8]. Suboptimal lung
cancer staging has been associated with worse patient
outcomes [9, 10].

CT scans of the chest play a key role in the initial
evaluation of patients with suspected lung cancer. While less
sensitive and specific than PET scanning for noninvasive
assessment of the mediastinum, CT is more readily available.
CT is frequently the only test available to guide physician
decisions with regard to next diagnostic step(s) in the
workup of a patient with suspected lung cancer [2]. We
sought to determine how frequently CT reports provided
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guideline-concordant recommendations with regard to
additional imaging studies and/or potential invasive diag-
nostic procedures in this setting.

2. Methods

This was a retrospective study. The Rapid Investigation
Clinic (RIC) was established in 2010 to improve and ac-
celerate the investigation of patients with suspected lung
cancer [11], and a prospective database of all patients
evaluated at the RIC has been maintained. An institutional
registry of all patients with a pathological diagnosis of lung
cancer was established in 2008. These two databases were
cross-referenced to identify patients investigated at the RIC,
and in whom a diagnosis of lung cancer was confirmed,
between January 1%, 2015, and June 30™, 2016. The CT scan
of the chest that triggered additional investigations for
suspected lung cancer was considered the initial CT scan.
The subgroup of patients in whom the initial CT scan of the
chest was performed at the McGill University Health Centre
(MUHC) constituted the study group.

Patient characteristics were extracted from electronic
health records and included age, gender, lung cancer sub-
type, and disease stage. The date and type of all imaging
studies and invasive diagnostic procedures performed were
also recorded. Patients were staged according to the IASLC
7™ edition lung cancer staging system [12, 13], and the 3™
edition American College of Chest Physicians (ACCP)
guidelines for lung cancer diagnosis and staging were fol-
lowed during the study period [2].

The reports and images of the CT scan of the chest that
triggered further investigation for suspected lung cancer
were reviewed in detail. The CT diagnostic findings were
extracted, with associated clinical TNM stage. All sugges-
tions by the reporting radiologist with regard to additional
imaging studies, and possible invasive diagnostic proce-
dures, were recorded. We then determined whether these
recommendations appeared to be concordant with current
guidelines for lung cancer diagnosis and staging, based on
suspected disease stage.

The first invasive diagnostic procedure performed was
then examined, according to clinical disease stage. For the
subgroup of patients with TxNI1-3MO clinical stage,
guidelines recommend that invasive mediastinal staging be
performed as the first diagnostic procedure [2, 3]; guide-
line-concordant care was thus examined in this particular
subgroup of patients.

The data was collected in Excel (Microsoft), and basic
descriptive analyses were performed using SPSS (IBM).
Continuous data is presented as mean + SD, and proportions
are presented as percentages. The MUHC Research Ethics
Board approved the study (study number 2017-2775).

3. Results

A total of 492 patients were evaluated at the RIC during the
study period. Of these, 118 had a final nonmalignant di-
agnosis, and 49 cases were diagnosed with a non-lung
primary malignancy. Amongst the remaining 325 patients,
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179 had their initial CT scan performed outside the MUHC
so that 146 patients constituted the study population (Fig-
ure 1). Patient baseline characteristics are detailed in Table 1.
The mean patient age was 69.7 £ 8.8 years and 43% were
women.

Recommendations for additional imaging studies and/
or invasive testing embedded in CT reports are displayed
in Table 2, respectively. The majority of CT reports (83%)
contained no suggestions for additional imaging studies,
while 12% of reports included guideline-concordant
suggestions, such as PET/CT scanning (6%) or further tests
to characterize suspected metastases. Notably, 5% of re-
ports included guideline-discordant suggestions, in par-
ticular radiographic follow-up for nodules greater than
8mm and/or associated with significant mediastinal
lymphadenopathy. The majority of CT reports (79%)
contained no recommendations with regard to invasive
testing; 12% of reports had guideline-concordant sug-
gestions, while 9% of reports had guideline-discordant
suggestions. In particular, trans-thoracic needle aspiration
(TTNA) was suggested in 26% of patients despite ad-
vanced stage disease.

The first invasive diagnostic procedures performed are
reviewed in Table 3, according to clinical disease stage.
Patients with Tx/N1-3/MO constituted 40% of the study
population. In this subgroup, 72% of patients underwent
invasive mediastinal staging with a minimally invasive
needle technique as their first diagnostic procedure.

4. Discussion

The initial CT scan of the chest has a pivotal role in guiding
the subsequent evaluation of patients with suspected lung
cancer. A CT scan is frequently the only imaging study
available at initial evaluation; it provides key anatomical
information with regards to the primary tumor and the
extent of hilar and/or mediastinal adenopathy [2]. Physi-
cians thus heavily rely on CT images and reports to de-
termine disease stage and next diagnostic step(s). The
current results suggest that CT reports only occasionally
provide guidance in this regard.

The vast majority of CT reports failed to provide any
recommendations, with only 12% of CT reports containing
guideline-concordant suggestions of additional imaging
studies and/or invasive diagnostic procedures. Also con-
cerning is the finding of guideline-discordant suggestions in
CT reports: a specific invasive procedure was suggested in
only 1/5 reports, but, of these, a significant proportion were
inappropriate.

The investigation of patients with lung cancer seeks to
safely and efficiently establish disease stage, confirm tissue
diagnosis, and ensure that sufficient tissue is acquired for
molecular testing. The importance of accurate lung cancer
staging is intuitive, as disease stage dictates treatment and
informs prognosis [14]. The most recent ACCP guidelines
emphasize the role of PET scanning in lung cancer staging.
In addition, minimally invasive needle techniques (EBUS
and EUS) have emerged as first-line invasive procedures for
mediastinal staging [2]. An invasive approach that achieves
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492 patients evaluated
(i) 118 non cancer
(ii) 49 non-lung primary

325 patients with lung cancer

(i) 179 had initial CT performed at
another institution

|: 146 patients included :|

FiGure 1: Flow diagram.

TaBLE 1: Baseline patient characteristics.

Patient characteristics Total N =146 patients

Age (mean in years, +SD) 69.7 (8.8)
Male sex, N (%) 85 (58)
NSCLC stage, N (%)

I 32 (23)
11 20 (14)
III 40 (27)
v 47 (32)
SCLC stage, N (%)

Limited 2 (1)
Extensive 5(3)

concomitant tissue diagnosis and staging is recommended
[2, 3].

There are limitations to this retrospective study. The study
was based at a single university center, where a large number of
patients with lung cancer are evaluated and treated annually,
and dedicated chest radiologists reported the majority of CT
scans of the chest. Yet, in this tertiary-care context, guideline-
concordant recommendations were found in only 12% of the
CT scan reports reviewed. It is unlikely that the community-
based general radiologists would be more likely to provide
guideline-concordant suggestions with regard to next steps in
the workup of suspected lung cancer. Patients were staged
according to the 7 edition of the IASLC staging system,
which was in use during the study period. The 8™ edition of the
NSCLC staging system [15] entered North American clinical
practice in 2018, but the nodal “N” classification has remained
the same as in the 7" edition, and the 3™ edition ACCP staging
guidelines remained in clinical use.

The downstream workup was reviewed in the subgroup
of patients with hilar or mediastinal adenopathy: most
patients underwent guideline-concordant invasive testing.
However, these patients were evaluated in a specialized lung
cancer investigation clinic, which likely limits the impact of a

TaBLE 2: Additional imaging studies and invasive testing suggested
in CT reports.

Total N=146
Additional imaging studies suggested in CT reports
No recommendation, N (%) 122 (83)
Guideline-concordant suggestion, N (%) 17 (12)
PET/CT 9
Abdominal imaging (US/MRI/CT) 5
Bone scan 2
Abdominal imaging and bone scan 1
Guideline-discordant suggestion, N (%) 7 (5)
Follow-up CT nodule >8 mm + lymphadenopathy 7
Invasive testing suggested in CT reports
No recommendation, N (%) 115 (79)
Guideline concordant testing, N (%) 18 (12)
TTNA: nodule (Tx/N0/MO0) 7
TTNA: mediastinal mass (Tx/N1-3/M0) 1
Bronchoscopy (Tx/Nx/M1)+* 4
Tissue sampling, not specified (Tx/N0O/MO) = 6
Guideline discordant testing, N (%) 13 (9)
TTNA. nodule (Tx/N1-3/M0) 4
TTNA, nodule (Tx/Nx/M1) 4
Bronchoscopy (Tx/Nx/M1)* 2
Tissue sampling, not specified (Tx/N1-3/MO0) #* * 2
Tissue sampling, not specified (Tx/Nx/M1)+* * 1

*Bronchoscopy was considered guideline-concordant in the presence of
widely metastatic disease and endobronchial disease. Similarly, tissue
sampling, not specified, was considered concordant in the presence of only
one potential biopsy site. * * Bronchoscopy was considered guideline-
discordant in the presence of an otherwise easily accessible biopsy site (e.g.,
nodes accessible with endoscopic ultrasound or accessible metastatic site)
and no clear endobronchial disease. Similarly, tissue sampling, not speci-
fied, was considered guideline-discordant in the absence of a clear rec-
ommendation to target a specific, accessible biopsy site.

lack of recommendations in CT reports. When a patient
develops symptoms that warrant further imaging, or sus-
picious findings are incidentally detected on CT, they
generally present to their general practitioner or to com-
munity-based physicians. These physicians may be more
likely to rely on CT chest reports to guide their decision-
making with regard to further investigation and/or referral
to the most appropriate specialist.

It could be argued that it is not the radiologist’s place to
provide recommendations with regard to downstream
testing in a patient whose scan is suggestive of lung cancer.
However, such recommendations are commonly included in
the reports of CT scans performed for other indications. The
Fleischner guidelines provide guidance as to the frequency of
repeat imaging (and/or further management), based on size
and density of incidentally detected lung nodule(s), and
whether the patient is considered at low or high risk of
malignancy [16]. The Lung-RADS categories similarly
provide guidance with regard to management of findings
detected on low-dose CT chest performed for lung cancer
screening [17]. Radiologists could recommend evaluation of
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TaBLE 3: First invasive test performed.

Patient population (N=146)

Tx/NO/MOx*, N (%)

TTNA

Bronchoscopy

EBUS

Surgery

Tx/N1-3/M0%*, N (%)

EBUS

Bronchoscopy with TBNA
TTNA, mediastinal mass
TTNA, nodule/mass
Bronchoscopy without TBNA
Tx/Nx/M1%, N (%)
Thoracentesis

TTNA

Bronchoscopy

EBUS

EUS

Other (bone, extrathoracic lymph node, or distant site)

38 (26)

13

7

8

10
58 (40)

39

2

1

5

11
50 (34)

13
20

*Clinical stage based on CT + PET/CT results.

patients with suspected lung cancer in a specialized, rapid
access clinic or consider direct referrals to such a program
[18]. Specialized investigation clinics have been shown to
improve timeliness and guideline-concordant care [11, 19].

“When you have a hammer, everything is a nail,” and
radiologists may propose that a lung nodule is amenable to
TTNA despite evidence of advanced disease. In fact, TTNA
was suggested in 26% of patients whose CT report contained
a specific recommendation with regard to an invasive di-
agnostic procedure, despite the presence of hilar and/or
mediastinal adenopathy or distant metastases. TTNA has a
high diagnostic yield for peripheral pulmonary lesions but is
also associated with significant complications, including a
15-25% pneumothorax rate and 1-5% risk of hemorrhage
[20-22]. In contrast, sampling of hilar or mediastinal nodes
with EBUS carries a pneumothorax risk of 0.5% [23].
Proceeding first with TTNA in the presence of suspicious
hilar and/or mediastinal nodes may expose the patient to
unnecessary risks, particularly when invasive confirmation
of nodal status will still be required.

Ost and colleagues reviewed the impact of diagnostic test
sequencing on outcomes, using a retrospective cohort of over
15,000 patients with lung cancer. Only 21% of patients in
whom mediastinal lymph nodes sampling would have been
recommended as the first invasive test received guideline-
consistent diagnostic evaluations. Yet, guideline-consistent
care was found to be associated with significantly fewer
procedures and complications, including pneumothoraces,
chest tubes, hemorrhages and respiratory failure [10].

In conclusion, guideline-concordant recommendations
for investigation of suspected lung cancer are rarely available
on CT reports. This is true with respect to both imaging
studies and invasive diagnostic procedures. The incorpo-
ration of more evidence-based suggestions in CT scan re-
ports may contribute to reducing quality gaps in lung cancer
diagnosis and staging, and this warrants further
investigation.
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