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Objectives: After the publication of large clinical trials, in January 2014 The U.S. Preventive Services Task Force
(USPSTF) recommended annual lung cancer screening with low-dose CT in a well-defined group of high-risk
smokers. A significant proportion of patients with laryngeal cancer (LC) meet the introduced criteria, and we
hypothesized that clinical practice would change as a result of these evidence-based guidelines.
Methods: Retrospective chart review of patients diagnosed with LC and treated at Johns Hopkins Hospital who
met USPSTF criteria for annual chest screening and were followed for at least 3 consecutive years in the years
surrounding the introduction of screening guidelines (January 2010 to December 2017) was performed to
identify those who had recommended screening CT chest.
Results: A total of 151 patients met the inclusion criteria of the study and were followed for a total of 746
patient-years. 184/332 (55%) patient-years in the pre-guidelines period and 246/414 (59%) in the post-
guidelines period included at least one recommended chest imaging (CT or PET-CT; p=0.27). 248/332 (75%)
patient-years in the pre-guidelines period and 314/414 (76%) in the post-guidelines period included any radi-
ological chest imaging (X-ray, CT or PET-CT; p= 0.72). Screening scans were ordered by OHNS (45%), Medical
Oncology (31%), Radiation Oncology (8%), and primary care (14%) with 70% of patients missing at least one
year of indicated screening.
Conclusions: The implementation of new lung cancer screening guidelines did not change clinical practice in the
management of patients with LC and many patients do not receive recommended screening. Further study
concerning potential barriers to effective evidence-based screening and coordination of care is warranted.

1. Introduction

Worldwide, head and neck cancer (HNC) accounts for> 550,000
cases and 380,000 deaths annually and its incidence is expected to rise
in the future [1,2]. Even though the incidence of HPV-related HNSCC
has been steadily rising over last decade, smoking and alcohol con-
sumption remain major risk factors [3]. Smoking as a causative agent of
head and neck cancer is even more pronounced in laryngeal cancer, as
the majority of diagnosed laryngeal cancers are HPV-negative [4,5].

Smoking is a risk factor not only for head and neck cancer, but also
for lung cancer, which has an incidence greater than HNC in smokers
and is one of the leading smoking-related cause of death [6,7]. These

factors have led to intensive investigation of the role of screening for
primary lung cancer, facilitated by the technological development of
widespread CT scanners. After the publication of large clinical trials, in
January 2014 the U.S. Preventive Services Task Force (USPSTF) re-
commended annual lung cancer screening with low-dose CT in a well-
defined group of high-risk smokers [8]. The formal criteria for
screening are: adults aged 55–80, with at least 30 pack-years smoking
history in those who currently smoke or have quit within the past
15 years. These screening programs have been shown to prevent a
substantial number of lung cancer–related deaths in patients who were
screened with three CT scans over the course of two years [9].

There is significant overlap between the at-risk population for
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laryngeal cancer and lung cancer given the risk factors for these re-
spective diseases. Smokers make up at least 85% of patients with lar-
yngeal cancer [10], with an average age of 65 [11], demographic fac-
tors clearly in line with the screening criteria for primary lung cancer.
Further evidence for the overlap between these populations is the fact
that the 5-year survival rate for laryngeal cancer is only 63% [12], in
part because the incidence of secondary primary lung cancer (SPLC) in
this group is high, ranging from 5 to 19%, which in turn has a sig-
nificant impact on overall survival [13–16].

Physicians who treat patients with laryngeal cancer are therefore
encountering a highly-selected group of patients with risk factors for
primary or secondary lung cancer, and a significant proportion of pa-
tients with laryngeal cancer (LC) meet the formal screening criteria for
annual lung CT scans. We hypothesized that clinical practice regarding
ordering of chest CTs would change as a result of the introduction of
these evidence-based guidelines. We further sought to identify the
factors that led to patients receiving or missing the recommended
screening and the practice patterns that facilitate the implementation of
these guidelines.

2. Materials and methods

2.1. Ethics

The study was approved by the institutional review board of Johns
Hopkins School of Medicine, Baltimore, MD, USA. Informed consent
was not required for this retrospective chart review.

2.2. Chart review

We conducted a retrospective chart review of patients diagnosed
with LC and treated at Johns Hopkins Hospital who met USPSTF criteria
for annual chest screening and were followed for at least 3 consecutive
years in the years surrounding the January 2014 publication and in-
troduction of screening guidelines (January 2010 to December 2017).

Eligible patients therefore met the following criteria: 1) age of 55 to
77 at the time of the first recorded follow- up year, 2)> 30 declared
pack-years of smoking history, while a current smoker or having quit
within the past 15 years, 3) consistent follow-up of at least 3 con-
secutive years in our medical records system, and 4) not having syn-
chronous or metastatic lung cancer at presentation, or any other severe
lung disease.

Through a search of billing records, 998 individuals with diagnosed
laryngeal squamous cell carcinoma were identified during the included
time period. To identify eligible patients for our study, we performed a
3-stage exclusion process (Fig. 1). First, we selected patients meeting
the age criterion; second, we excluded patients with follow-up shorter
than 3 years; finally, we excluded patients not meeting the smoking
history criterion or suffering from synchronous or metastatic lung
cancer at initial presentation.

For every patient who met all of the inclusion criteria, a review of
available medical history was performed. In our institution, the elec-
tronic medical record (EMR) used to store patients data and medical
history is EPIC® (Verona, Wisconsin, United States). In the EMR, we
screened 1) all chest radiological exams, 2) all clinical notes to identify
chest images performed and/or documented by outside providers, and
3) an additional EMR feature available in our system of databases of the
largest outside imaging providers in Maryland, USA (American
Radiology and Advanced Radiology), which provide a database of their
imaging linked to the native EMR system. For every chest imaging study
found, we recorded its type (X-ray, CT with contrast, CT without con-
trast, PET-CT), the ordering physician's medical specialty, and purpose
of an order (chest screening vs. evaluation of symptoms/complaints).
Demographic and clinical characteristics were also recorded (sex, age,
race, smoking pack-years, TNM-staging, tumor site).

2.3. Statistics

Statistical analyses were performed using GraphPad Prism software
(version 6.0, GraphPad Software, La Jolla, CA). A p-value of 0.05 or less
was considered statistically significant.

3. Results

3.1. Patient characteristics

Following identification and exclusion protocols (Fig. 1), 151 of 998
laryngeal cancer patients were included in the study. Demographic
features of this population are found in Table 1. The majority of the
group were men (75.7%) and included patients with early, locally ad-
vanced, and advanced LC, fairly evenly divided between glottic (38.4%)
and supraglottic (45.0%) cancer.

3.2. Chest imaging patterns in laryngeal cancer patients

During the study period, a total of 746 patient-years were analyzed -
332 (44.5%) patient-years in the pre-guidelines period (2010−2013)
and 414 (55.5%) in the post-guidelines period (2014–2017). As the
USPSTF criteria indicate the need for annual lung cancer screening, we
searched for any form of chest imaging for each patient in each patient-
year. Giving maximal credit to clinicians for the purposes of this study,
as well as the real-world practical consideration of avoiding duplicate
chest imaging, we considered every ordered chest imaging as a valid
screening, irrespective of the stated purpose of an order. For example, if
a CT, PET or X-ray was ordered as a part of preoperative work-up or due
to a pulmonary complaint it was counted in our study protocol as a
valid chest screening for that calendar year.

In both pre-guidelines and post-guidelines periods the most
common lung imaging modality was x-ray, but the rate of x-rays
dropped from 1.42 tests/patient-year to 0.85 tests/patient-year be-
tween these periods (p=0.0018). This was mirrored by a significant
rise in CT scans, from 0.59 tests/patient-year in the pre-guideline
period to 0.77 tests/patient-year in the post-guideline period
(p= 0.028). There was no statistically significant difference between
number of CT scans ordered with contrast and number of CT scans
ordered without contrast (Table 2). Interestingly, the rates of PET scans
dropped between pre- and post-guideline periods from 0.45 tests/pa-
tient-year to 0.26 tests/patient-year (p < 0.0001).

3.3. Annual chest imaging in laryngeal cancer patients

The USPSTF recommendations are based upon the evidence that
annual chest imaging improves the survival of smokers through the
early detection of lung cancer. Therefore annual chest imaging, ideally
a low-dose non-contrast CT scan as per USPSTF guidelines, is essential
in this high-risk group of smokers with laryngeal cancer. Out of 332
analyzed patient-years in the pre-guidelines period, only 184 (55%)
included at least one chest CT (CT or PET-CT), and out of 414 patient-
years in the post-guidelines period, only 246 (59%) included any CT
imaging test (Table 3). There was no statistically significant difference
between these groups (p=0.2726). There was also no statistically
significant difference between these groups when we compared num-
bers of patient-years with any radiological chest imaging (Xray, CT or
PET-CT), as 248/332 (75%) patient-years in the pre-guidelines period
and 314/414 (76%) in the post-guidelines period included at least one
chest imaging (X-ray, CT or PET-CT; p= 0.72). There is therefore no
evidence that the frequency of chest imaging changed for patients with
laryngeal cancer as a results of published screening guidelines for
smokers.
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3.4. Annual CT chest imaging by TNM staging

There were some differences in the incidence of chest imaging when
examining patients by TNM staging, but these patterns were stable
across the study periods and did not change as a result of the in-
troduction of screening guidelines (Table 4). Patients with early lar-
yngeal cancer (T1-T2) and negative nodal status (N0) had significantly
less chest imaging ordered (52% and 58%, respectively) compared to

Patients with laryngeal cancer 

assessed for eligibility 

(n=998)

Eligible (n=731)

Eligible (n=362)

Met inclusion criteria and were 

included in analysis (n=151)

1st stage

2nd stage 

3rd stage 

Excluded (n=267)

* Age (n=267)

Excluded (n=369)

* Inadequate follow-up

(n=369)

Excluded (n=211)

* Synchronous/metastatic 

lung cancer (n=26)

* Poorly documented

smoking history (n=172)

* Other (n=13)

Fig. 1. Three stage exclusion protocol to identify index patients that meet USPSTF criteria for annual chest screening. Patients were excluded in three stages: 1) age,
2) inadequate follow-up, and finally 3) smoking history or synchronous lung cancer. Of 998 initial patients, 151 fully met study criteria and were included for further
analysis. * indicates the reason for exclusion.

Table 1
Patient demographics and laryngeal cancer staging (N=151).

Patients (n) Percentagea

Gender Male 114 75.5%
Female 37 24.5%

Age (yrs) Mean ± SD 70 ± 6.9
Race/ethnicity White 100 66.2%

Black 44 29.1%
Other 6 4.0%

Smoking history (pack yrs) 30–49 91 60.3%
50–99 50 33.1%
≥100 10 6.6%

T staging (TNMb) T1 42 27.8%
T2 38 25.2%
T3 38 25.2%
T4 20 13.3%

N staging (TNMb) N0 99 65.6%
N1 8 5.3%
N2 26 17.2%

Tumor location Glottic 58 38.4%
Supraglottic 68 45.0%
Subglottic 4 2.6%

a Totals may not equal 151, as data was not available for all patients.
b 7th Edition of the AJCC TNM Classification (2010).

Table 2
Total chest imaging between 2010 and 2017 in patients with laryngeal cancer.

Type of chest
imaging

Pre-guidelines period Post-guidelines period p value

Number of
tests [N]

Mean [N]/
patient-
years

Number of
tests [N]

Mean [N]/
patient-
years

CT(+)b 130 0.39 217 0.52 0.0579a

CT(−)c 65 0.20 102 0.25 0.2437a

All CT 195 0.59 319 0.77 0.0275a

PET 151 0.45 106 0.26 < 0.0001a

X-ray 473 1.42 353 0.85 0.0018a

a Unpaired t-test with Welch's correction.
b CT with contrast.
c CT without contrast.

K. Piersiala, et al. Am J Otolaryngol 40 (2019) 520–524

522



advanced laryngeal cancer (T3-T4) and positive nodal status (71% and
66%, respectively; p-value<0.0001 and 0.0004). However, in all TNM
staging categories there was no difference in the rates of imaging be-
tween the pre- and post-guidelines study periods (p > 0.05 in all
groups).

3.5. Per patient analysis of indicated screening

For the purposes of cancer screening, perhaps the most relevant data
point is that each individual patient in this study, based on their
smoking history rather than their history of laryngeal cancer, should
have had at least one CT scan performed every year. An analysis of the
annual chest screening with CT or CT-PET for each individual patient
showed that in both pre- and post-guideline periods 70% of patients
missed at least one year of indicated screening (Table 5). In this ana-
lysis, the number of years with CT chest exam was divided by the
number of follow-up years available, for example a CT chest exam in
three of four years of follow-up available for analysis would be a
screening rate of 75%. Almost 20% of LC patients received no screening
at all, and in both pre- and post-guideline periods approximately 50% of
patients had annual CT chest imaging performed in 50% or less of
analyzed follow-up years. Only 30% of patients received indicated
screening in all follow-up years available for analysis.

3.6. Specialists ordering chest scans in laryngeal cancer patients

The radiology reports or physician notes often included information
about ordering physicians and the indications for the performed radi-
ologic test. In total, 90 X-rays and 641 CTs/PETs were ordered for
screening purposes (45.8%), whereas 733 X-rays and 132 CTs/PETs
were ordered for evaluation of other symptoms, such as dyspnea or
suspicion for pneumonia (54.2%). The Otolaryngologist - Head and
Neck surgeons (OHNS) were the medical specialty that ordered the
most chest imaging for screening purposes in both the pre- and post-
guidelines periods (Table 6). However, the relative percentage of

screening tests ordered by OHNS decreased in the post-guidelines
period, as the analysis of trends showed that Medical Oncologists and
PCPs ordered significantly more CTs with purpose of screening in the
post-guidelines period compared with pre-guidelines period
(p= 0.0025 and p= 0.0026, respectively). Therefore it appears that
the introduction of screening guidelines for smokers did change prac-
tice patterns in these specialties.

4. Discussion

Development of lung cancer as a secondary malignancy in laryngeal
cancer is one of the strongest factors adversely affecting overall sur-
vival. This is juxtaposed against the known clinical fact that early
glottic cancer is a highly curable cancer and often does not include neck
or chest CT as the part of initial diagnostic work-up [12,14] due to the
low rates of cervical or pulmonary spread in early stage disease.
However, the vast majority of patients presenting with laryngeal cancer
have a significant smoking history regardless of their laryngeal cancer
staging, and would be included in the evidence-based guidelines for
annual lung CT screening regardless of their laryngeal cancer.

Our findings suggest that in a highly selected group of patients with
laryngeal cancer with significant smoking history, who meet all the
criteria for annual chest screening, the rate of recommended chest CT
has not significantly changed after the introduction of USPSTF guide-
lines [8]. In both periods (pre- and post-guidelines) only 30% of pa-
tients had their CT chest imaging done every year. We suspect that one
of the possible causes is that the aforementioned guidelines do not
imply who is responsible for implementing screening in group of
smokers with head and neck cancer history. It possible that PCPs are
reluctant to order screening imaging, as these patients are regularly
seen and followed-up by otolaryngologists- head and neck surgeons
(OHNS), radiation oncologists, or medical oncologists. On the other
hand, cancer specialists and surgeons might feel that implementation of
the USPSTF guidelines is best left to the PCPs as part of care co-
ordination, regardless of previous history of malignancy. Why so many
patients miss their indicated screening could be the subject of future
study, including an analysis of which physician specialty is most viewed
by patients as ‘their physician’ for laryngeal cancer care and which is
‘their physician’ for smoking-related lung screening.

Despite the large percentage of patients missing indicated lung
cancer screening, one positive trend identified in our study is that the
number of X-rays ordered for screening is significantly decreasing. This
is concordant with evidence-based medicine, as chest CT was proven
superior to X-ray in reducing lung cancer mortality [17,18]. In our
sample, the number of ordered PET-CTs also decreased significantly.
The number of patient-years of patients with advanced cancer (T3,T4)
in both periods was comparable (116 pt-yrs vs. 156 pt-yrs), so the most

Table 3
Annual chest imaging in patients with laryngeal cancer.

Pre-guidelines Post-guidelines p-Value 2010–2017

Patient-years 332 414 746
Patient-years with min one chest CT or PET-CT 184 (55%) 246 (59%) 0.2726a 430 (58%)
Patient-years with min one chest X-ray or CT or PET-CT 248 (75%) 314 (76%) 0.7185a 562 (75%)

a Unpaired t-test.

Table 4
Annual chest imaging in patients with laryngeal cancer by TNM staging.

TNM-staging Pre-guidelines (patient-
years with CT chest
imaging)

Post-guidelines (patient-
years with CT chest
imaging)

p-Value

T1+T2 93/182 (51%) 113/216 (52%) 0.9826a

T3+T4 78/116 (67%) 110/156 (71%) 0.5652a

N0 104/202 (51%) 156/271 (58%) 0.1894a

N+ 66/88 (68%) 63/96 (66%) 0.1670a

a Unpaired t-test.

Table 5
Percentage of follow-up years with CT/PET chest imaging in the studied population.

% of FU years with CT/PET chest imaging 0% 1–49% 50% 51–99% 100% Total

Pre-guidelines 20a (21%)b 15 (16%) 14 (15%) 19 (20%) 28 (30%) 96 (100%)
Post-guidelines 17 (14%) 17 (14%) 23 (20%) 26 (22%) 35 (30%) 118 (100%)

a Number of patients.
b % of total number of patients.
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reasonable explanation is a shift in physician practice in their selection
of imaging modality. What we observed in our population is that in the
pre-guidelines period many of the patients had as many as 3 or 4 PET-
CTs per year, whereas in the post-guidelines period the maximum
number of ordered PET-CTs per year was two, which could be a re-
flection of an evidence-based medicine approach to annual screening.

Our study has limitations, most notably the fact that our conclusions
are based on a patient group seen at one academic medical center.
Nevertheless, there is no reason to suspect that our center is unique in
its lack of responsiveness to the publication of new evidence-based
guidelines [19,20]. The implementation of published guidelines is often
significantly delayed, if ever achieved, and multiple specialists fol-
lowing each patient with laryngeal cancer likely further exacerbated
the problem, as physicians could reasonably assume someone else was
taking care of ordering the screening. We also acknowledge the po-
tential for selection bias as a limitation of our study. Approximately
50% of patients meeting the age criterion were excluded based on the
poor quality of follow-up record. The fragmentation of care in the
United States and the lack of a unified medical record means that it is
possible that patients included in our study had recommended imaging
outside our ability to capture in our EMR or physician notes. Finally,
another factor limiting our results is unreliable documentation of
smoking history. To select patients definitely meeting USPSTF criteria
for annual lung screening we were forced to exclude 172 patients based
on their declared smoking history who otherwise had appropriate
follow-up history and fell within the target age demographic. In ma-
jority of cases, pack-years were not recorded in any form in their
medical chart. As smoking history is one of the most important criterion
in the introduced guidelines, accurate reporting of tobacco exposure in
the standardized measure of pack-years should be a necessity in every
day practice.

5. Conclusion

Patients with laryngeal cancer are likely to be smokers who meet
the USPSTF guidelines for annual lung CT screening for the early de-
tection of lung cancer. Unfortunately, the implementation of new lung
cancer screening guidelines did not change clinical practice in the
management of patients with LC and many patients do not receive re-
commended screening. Further study concerning potential barriers to
effective evidence-based screening and coordination of care is war-
ranted.
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