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Introduction

Lung cancer is the leading cause of cancer-related death in 
Canada.1 Approximately 85% of lung cancer cases can be 
attributed to a smoking history and heavier use associated 
with greater risk.2 Mortality is predicted by the stage of can-
cer at diagnosis and in Canada 49% of lung cancers are 
diagnosed at Stage 4,3 with earlier detection resulting in 
more favorable outcomes.2,4-7 Early detection of disease 
may be achieved via screening programs. In 2014, the 
Canadian Task Force on Preventive Health Care (CTFPHC) 
recommended screening using 3 annual LDCT scans in 
high-risk individuals—those aged 55 to 74 who are cur-
rent smokers or quit less than 15 years ago with a 30+ 
pack-year history.2 These recommendations were based on 
the National Lung Screening Trial (NLST), one of the first 
to assess low-dose CT (LDCT) for lung cancer screening, 
which found a 20% mortality benefit over screening with 

radiography.5 More recently, the Pan-Canadian Early 
Detection of Lung Cancer (PanCan) study, demonstrated 
that screening with LDCT can identify more cancers at 
earlier stages.6

In Canada, provincial government organizations are 
responsible for establishing cancer screening programs to 
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Abstract
Objectives: Lung cancer is a leading cause of cancer-related death in Canada. Early detection can improve outcomes and 
despite recommendations from the Canadian Task Force on Preventive Health Care to screen patients who are 55 to 
74 years old and have a 30+ pack-year history, formal screening programs are rare in Canada. Our goal was to determine 
if screening is being performed in a representative Canadian population, if recommendations are being followed, and how 
screening impacts lung cancer stage at diagnosis and prognosis. Methods: A retrospective chart review was performed 
to identify patients either screened for lung cancer or imaged due to lung cancer symptoms in Eastern Newfoundland 
between 2015 and 2018. Age, smoking history, screening modality, diagnosis, cancer stage, and mortality were recorded. 
Results: Under 6.0% of the eligible population were screened for lung cancer with only 28.13% meeting age and smoking 
criteria and being screened appropriately with low-dose CT. However, 70% of patients that had lung cancers found by 
screening met age and smoking screening criteria. While lung cancer detection rates were similar, screening detected 
cancer in patients at an earlier stage (50% Stage 1) compared to patients who were not screened (20% Stage 1). Patients 
who were screened had an improved prognosis. Conclusions: Physicians are opportunistically screening for lung cancer, 
but not consistently following screening guidelines. As screening is sensitive, leads to earlier stage diagnosis, and has a 
mortality benefit, implementation of an organized screening program could increase quality assurance and prevent many 
lung-cancer related deaths.
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ensure that guidelines are being followed by physicians 
and that programs are cost-effective for our publicly funded 
healthcare system. Despite the promising research on the 
benefits of screening and the CTFPHC recommendations, 
only 1 province has a formal organized Canadian lung can-
cer screening program, which was recently implemented. 
In lieu of a formal program, it is not yet known whether 
physicians in the Canadian province of Newfoundland 
and Labrador are opportunistically screening patients out-
side of an organized program and how this would affect 
cancer detection in our population. A recent environmen-
tal scan by the Canadian Partnership Against Cancer 
reported that opportunistic screening is occurring in 6 
provinces, but rates of screening have not yet been deter-
mined.8 It is likely that opportunistic screening rates are 
low since 79.4% of lung cancer cases in Nova Scotia were 
detected as a result of symptomatic presentations9 and 
44% of incident lung cancer cases in Ontario presented to 
the ER within a week of their diagnosis.10 Limited screen-
ing would also be consistent with the fact that 69% of lung 
cancers being Stage 3 or 4 at diagnosis in Canada.3

Newfoundland and Labrador has an age standard inci-
dence and mortality of lung cancer of 75.1 cases and 57.4 
deaths per 100 000, respectively.11 This is comparable to 
the median of 72.1 cases and 53.9 deaths per 100 000, 
respectively, for Canadian provinces and territories.11 
Barriers to healthcare in Newfoundland and Labrador are 
similar across Canada. There is limited access of health 
services to patients living rurally, however we have more 
patients in rural areas (34.3%) compared to Canada as a 
whole with 18.9% of patients living rurally.12 There is lack 
of family physicians to provide care in urban and rural areas 
that is similar between our province (12.5%) and Canada 
as a whole (18.9%).13 However, all provinces in Canada, 
including Newfoundland and Labrador, have organized 
colon, cervical, and breast cancer screening programs and 
have the capacity to develop an organized lung cancer 
screening program. Such a program could be cost-effective 
within the publicly-funded Canadian healthcare system and 
potentially cost-saving should noncurative cancer treatments 
be incorporated into predictive models.4,14

Therefore, our goal was to determine if opportunistic 
lung cancer screening is being performed in Newfoundland 
and Labrador, a Canadian province that is representative for 
lung cancer incidence and mortality, and if so, whether 
screening protocols are followed without an organized pro-
gram to ensure quality assurance, and if there are measur-
able risks or benefits for screening in our patient population 
that could support implementation of organized screening 
programs in other Canadian provinces.

Methods

We performed a retrospective review of all patients that 
underwent opportunistic lung cancer screening in the 

Eastern Health region of Newfoundland and Labrador 
(catchment area of around 300 000 patients) between 
January 2015 and December 2018. Our study population is 
60% of the province’s population with a similar distribution 
of age and sex.15 Patients were identified using mPower 
Clinical Analytics (Nuance, Burlington, MA) to search the 
PACS database for imaging reports that contain key terms. 
To look for opportunistic screening studies, we used the 
terms “lung cancer,” “screening,” “family history,” “pack-
years,” and “smoker/smoking” with filters for the study 
period, non-contrast chest CT, and chest radiograph (XR). 
To compare outcomes between patient who had lung cancer 
found by screening versus those who were not, we also 
identified symptomatic patients who were imaged to rule 
out lung cancer by using the search terms “lung cancer,” 
“malignancy,” “new cough,” “dyspnea,” hemoptysis,” and 
“weight loss” with the same filters as previous. Together, 
these searches returned 7648 unique reports for review. 
Each of these reports were read to determine if they met 
criteria for our study. We removed 1463 scans that were per-
formed as a follow-up on previous imaging and 4382 reports 
that met exclusion criteria: previous lung or breast cancer, 
active malignancy or metastatic disease, vague or no indica-
tion provided, imaging for another disease process, and 
screening for other reasons. Finally, we separated studies 
into Screening and Diagnostic groups. The Screening group 
(534 reports in 506 patients) was defined as asymptomatic 
patients whose indications for imaging was either lung can-
cer screening, a family history of lung cancer, and/or smok-
ing history. The Diagnostic group (1269 reports in 1266 
patients used to identify 62 patients with lung cancer) were 
patients who were diagnosed with lung cancer not through 
screening but because they were evaluated for 1 of more of 
the symptoms of cough, dyspnea, chest pain, weight loss, 
and hemoptysis, or had a clinical suspicion of lung cancer.

For the Screening group, imaging reports were reviewed 
to determine age, sex, smoking history, and modality (XR, 
CT, LDCT, or ultra-low dose CT [ULDCT]) used to deter-
mine whether they met current lung cancer screening recom-
mendations. We recorded results of screening and any 
additional imaging such as previous or repeat screening and 
follow-up imaging on relevant or incidental findings up until 
January 2021. We also checked prior records to ensure our 
patients in our Diagnostic group who had been diagnosed 
with cancer had not been previously screened. For the 
Diagnostic group, we recorded age, sex, indication for imag-
ing, and smoking history as well as findings from initial and 
follow-up reports. In both groups, if the report indicated a 
suspicion for malignancy, electronic medical charts were 
reviewed for tissue diagnosis, stage, treatment intent, and 
mortality. These outcomes were used to compare the 
patients in the Screening and Diagnostic groups who had 
been diagnosed with lung cancer to determine whether 
screening for lung cancer improves stage at diagnosis and 
survival. Additionally, charts were reviewed for all Screening 
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group patients to determine if any lung malignancy was 
missed by screening.

Statistical analyses were performed using linear regres-
sion for time effect plots, Fisher’s exact tests or χ2 for pro-
portional data, Kolmogorov-Smirnov test for frequency 
distributions, unpaired t-tests for continuous data, and log-
rank tests for survival data. Analyses were performed in 
GraphPad Prism 6 and R software. Data were expressed 
with standard error and a P-value of <.05 was considered 
significant.

Ethics approval was obtained from Memorial University 
of Newfoundland Health Ethics Research Board and per-
mission was obtained from data custodians to review patient 
records.

Results

We estimated that 8421 people would be eligible for lung 
cancer screening based on CTFPHC recommendations in 
our catchment area based on age demographics, smoking 
habit, and proportion of smokers meeting the criterion 
based on our data.16,17 As we only identified 506 screened 
patients, screening is likely occurring in our province 
on a limited basis, this number representing only 6.0% of 
the estimated eligible population being opportunistically 
screened. To determine appropriateness of screening, we 
next assessed whether these patients met CTFPHC recom-
mendations: patients who were 55 to 74 years old, current or 
ex-smokers (quit <15 years ago) with 30+ pack-years, 
and screened using LDCT. There were 51 patients with  
no documented smoking history and were excluded from 
this analysis (Table 1). Only 28.13% of patients met  all 
CTFPHC recommendations, while a minority (8.79%) met 
none (Table 1). Although two thirds of patient met age or 

smoking criteria individually (Table 1) only 50.66% of 
patients met both. Many low-risk patients were screened as 
9.49% were <50 years old, 3.95% were non-smokers, and 
23.5% of smokers had <30 pack-years. Only 40.12% of 
patients were screened with ULDCT or LDCT, while the 
remainder were screened with standard-dose CT or XR 
(Table 1). There was great variability in doses used for 
screening CT ranging from 0.14 to 14.68 mSv (Figure 1). 
Family history was also provided on requisitions as an addi-
tional risk factor for 15.22% of patients and they were 
screened at younger ages (59.51 ± 0.62 vs 62.39 ± 0.46, 
P = .0002). There was a significant increase in the number 
of studies meeting all criteria over time (P = .0033;  
Figure 2), as well as studies using the appropriate modality 
(P < .0001) and age group (P = .0045) but there was no 
change in the number of studies that had appropriate smok-
ing history over time (P = .2479; Figure 2).

The CTFPHC recommends annual screening for 3 con-
secutive years; however, only 10.67% of patients were 
screened multiple times with 45.16% meeting age, smok-
ing, and LDCT screening criteria (Figure 3A) and 1.98% 

Table 1.  Appropriateness of Lung Cancer Screening.

Individual 
CTFPHC 
criteria for 
each patienta

Factors for lung cancer screening Patients meeting each criterion (55-74 years old)
Age 60.81 ± 9.08 years old 364 71.94%
Smoking history* Smoking history* Patients meeting criterion (30+ pack-years)
Modality 36.05 ± 21.11 pack-years 298 65.49%

Modality Patients meeting criterion (LDCT/ULDCT)
XR 113 22.33% 203 40.12%
CT 190 37.55%  
LDCT 160 31.62%  
ULDCT 43 8.50%  

Total number* 
of CTFPHC 
criteria met for 
each patientb

None 40 8.79%
One Criterion 126 27.69%
Two Criteria 161 35.38%
Three Criteria 128 28.13%

Abbreviations: LDCT, low-dose CT; ULDCT, ultra lose-dose CT.
aThe number of patients who were screened for lung cancer and met the Canadian Task Force on Preventive Health Care (CTFPHC, 2016) individual 
criteria for age (55-74), smoking history (at least 30 pack-years; current smoker or quit within the past 15 years), and modality (LDCT or ULDCT).
bTotal number of CTFPHC criteria that were met by each patient during the study period.
*Fifty-one patients did not have documented smoking history and so percentages were calculated from total patient population of 455.

Figure 1.  Doses of CT scans used for screening.
LDCT, low-dose CT; ULDCT, ultra lose-dose CT.
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were screened 3 times with only 33.33% meeting criteria 
(Figure 3B). Repeat screening was more likely if patients 
were imaged by CT at any dose (previous screening: 
P = .0068, repeat screening: P = .0015; Figure 3A). 10.47% 
of patients required follow-up imaging for pulmonary 
abnormalities found during screening, and neither the num-
ber of patients (P = .1848) nor the number of follow-up 
studies required (P = .9307) differed between any dose CT 
and XR (Figure 3A and C). However, any dose CT screen-
ing detected significantly more nodules in (37.97%) than 
XR (1.69%; P < .0001). Similarly, any dose CT screening 
revealed significantly more incidental findings (P < .0001; 
Figure 3A) and required more follow-up scans (P = .0278; 
Figure 3D) than XR. In the 33 patients that had incidental 
findings, 3 patients had significant findings of a hepatocel-
lular carcinoma, thyroid nodule requiring hemithyroidec-
tomy, and thymoma.

Patients were followed for 2 to 5 years after screening 
and no patients screened negative with any dose CT devel-
oped lung cancer while 3 patients screened negative with 
XR were diagnosed with lung cancer between 3.52 and 
4.31 years after screening. There were 2 false positives—1 
screened by LDCT that had a negative lavage and 1 screened 
by XR that had a negative tissue diagnosis following a 
lobectomy. There were also 2 cases of lymphoma diagnosed 
because of screening.

Finally, we compared asymptomatic patients who were 
diagnosed with lung cancer due to screening (Screening 
group; 20 patients) and symptomatic patients who were 
imaged to rule out malignancy (Diagnostic group; 62 
patients). There were no differences in age, sex, or smoking 
history between groups (Figure 4A-C). Of these patients, 
70.00% of the Screening group and 56.14% of the 
Diagnostic group met CTFPHC screening recommenda-
tions (Figure 4E). Therefore, lung cancer would have been 
missed in 30.00% of the patients in the Screening group if 

the CTFPHC recommendations were followed. Recently, 
the US Preventive Services Task Force (USPSTF) expanded 
lung cancer screening criteria to include patients who are 
50 to 80 years old and currently smoke or quit <15 years 
ago with a 20+ pack-year history.18 Applying these  
criteria to our lung cancer patients, 90.00% and 79.66% of 
the Screening and Diagnostic groups, respectively, met 
USPSTF guidelines, meaning that only 10% to 20% of lung 
cancers would have been missed using their screening 
guidelines in our population (Figure 4E).

There was no significant difference in the lung cancer 
detection rate (Screening: 3.46% vs Diagnostic: 5.15%; 
P = .2085, Figure 4D) nor the distribution of tissue diagno-
ses between groups. However, there was a difference in the 
stage of lung cancer at diagnosis—patients screened for 
lung cancer were diagnosed at earlier stages with 50.00% 
at Stage 1 (including 1 patient diagnosed at Stage 0), while 
80.00% in the Diagnostic group were at Stage 2 to 4 
(P = .0185; Figure 4F). Despite the difference in stage, 
there was no difference in the proportion of patients ini-
tially treated with palliative versus radical intent between 
the groups (P = .0748) but there was significantly higher 
mortality in the Diagnostic group (P < .0001, Figure 5A). 
Accordingly, there was significantly reduced survival from 
the last imaging that raised suspicion for lung cancer 
(P = .0001; Figure 5B) and the interval from diagnosis 
(P = .0227; Figure 5C).

Discussion

Despite the lack of an organized program by a provincial 
body to ensure screening uptake and quality assurance, lung 
cancer screening is being performed in the Canadian prov-
ince of Newfoundland and Labrador on a limited basis as 
we estimated less than 6% of the eligible population is 
being screened. Moreover, half of patients being screened 

Figure 2.  The number of studies meeting all modality and age criteria, as well as studies meeting all criteria increased over time.
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do not meet CTFPHC recommendations. Nevertheless, 
patients who were screened were diagnosed at earlier stages 
and had a survival benefit over those who were not. This 
study supports lung cancer screening programs.

Our first aim was to determine whether lung cancer screen-
ing was following recommendations by the CTFPHC.2 
Only half of patients that were being screened had the appro-
priate age and smoking history. The CTFPHC recommenda-
tions, like those from American medical societies,19-22 are 
based on the NLST.5 Most recommend that patients have a 
30+ pack-year history and be a current smoker or ex-smoker 
of at least 15 years, except for the new USPSTF guidelines 
which have reduced this to 20+ pack-years.18 While all rec-
ommend a start time of 55 years old, the age to stop screening 

is 74 for the CTFPHC but can vary up to 80 years old.18,22 This 
expanded age range would only include an additional 2.77% 
of our screening patients. On the other hand, several societ-
ies recommend screening younger patients if they have 
another risk factor such as family history, chronic lung dis-
ease, or exposure to carcinogens.19,22 In our study, some 
screening requisitions included family history and these 
patients were indeed screened at a younger age, but their 
average age was still within the recommended range for 
screening. Therefore, differences between lung cancer 
screening recommendations that were available during our 
study period cannot explain why half of the patients in our 
Screening group were not at high-risk based on age and 
smoking history. There may have been increasing 

Figure 3.  Additional imaging on patients screened for lung cancer: (A) the proportion of patients that underwent repeat screening, 
required follow-up imaging for an abnormality on their screening study, and had incidental findings on their screening study. (B) The 
total number of screening studies per patient. (C) The number of follow-up studies required for findings worrisome for malignancy 
per patient. (D) The number of scans required for incidental findings.
*P < .05. **P < .01. ****P < .0001.
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awareness of screening guidelines over time since the pro-
portion of patients screened in the appropriate age range sig-
nificantly increased throughout our study period.

Beyond patient demographics, LDCT is the standard 
recommendation for lung cancer screening.19-22 In our 
study, LDCT was used in only 40.12% of screening studies. 
Without a formal screening program, protocoling by radiol-
ogy staff and residents would be inconsistent. However, we 
did see a shift in screening modality over the study period, 
which perhaps was due to increasing awareness of lung 
cancer screening recommendations. This could be further 

improved with the implementation of a formal screening 
program.

Since the NLST screened patients for 3 consecutive 
years,5 the CTFPHC recommends only 3 annual scans for 
lung cancer screening.2 Other guidelines state that annual 
screening should be performed throughout the high-risk 
age range or until patients have been smoke-free for 
15 years19-22; however, evidence is lacking to compare 
between these recommendations. Regardless, most patients 
in our study received only 1 screening scan, meeting neither 
recommendation.

Figure 4.  Comparison of patients diagnosed with lung cancer through screening (Screening group) or compared to those who were 
not screened (Diagnostic group): (A-C) There is no difference in age (A), sex (B), or smoking history (C) in lung cancer patients from 
the Screening or Diagnostic groups. (D) There was no significant difference in the detection rate of lung cancer. (E) The percentage of 
patients who met screening criteria in the Screening group, and those who would have met criteria if they had been screened in the 
Diagnostic group. (F) Patients screened for lung cancer were diagnosed at an earlier stage.
*P < .05.
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Taken together, evidence-based guidelines are not being 
followed to identify high-risk patients, appropriately screen 
with LDCT, and then request follow-up screening. While 
there was significant improvement in adherence to recom-
mendations over the study period, this has been a steady 
change rather than a sudden increase in response to publica-
tion of a new guideline.

While our study is limited by its retrospective design, 
smaller sample size, and lead time bias, we show significant 
benefits of lung cancer screening in our population, despite 
the lack of adherence to screening recommendations. The 
stage at diagnosis for our patients who were not screened is 
similar to the Canadian average,3 while our screening group 

was diagnosed at significantly earlier stages. In our study, 
50% of lung cancers were identified by screening at Stage 
1, which is comparable to the LDCT group (53%) in the 
NLST.5 A more recent trial for lung cancer screening, the 
PanCan study,6 had a higher proportion of early-stage can-
cers at diagnosis (77%), which may be due to their selection 
of higher-risk participants based on various predictor vari-
ables. As a single-arm study, PanCan could not compare 
mortality rates6 but the NLST showed a mortality benefit by 
screening with LDCT compared to XR.5 Retrospectively, 
we show that patients who were screened had a survival 
benefit over those who were not. While this could be due to 
a lead-time bias, lung cancers diagnosed at an earlier stage 
are more treatable and have a better prognosis.23 This data 
suggests a potential benefit for lung cancer screening in our 
province.

There are several potential harms of lung cancer screen-
ing. Screening with any dose CT has a high nodule detec-
tion rate, which often requires follow-up imaging.6,24 
Nodule detection in our study was 23%, comparable to the 
NLST at 27%,5 while the PanCan detection rate was higher 
at 76%.6 Lung cancer detection rate was similarly higher in 
the PanCan study at 6.5%,6 followed by the NLST at 4.5%,5 
and finally our study at 3.6%. These numbers appear to 
reflect the level of risk for each population studied, with 
PanCan selecting the highest risk patients,6 NLST selecting 
high-risk patients,5 and our population loosely following 
the NLST-based criteria. However, without trials to com-
pare screening criteria, it is unknown if lung cancers are 
missed in lower-risk patients who fall outside selection cri-
teria. In our study, 30% of patients who were diagnosed 
with lung cancer through screening did not meet CTFPHC/
NLST criteria. With the PanCan inclusion criteria being 
stricter, our data suggest that adoption of either selection 
process may miss a significant number of lung cancer diag-
noses. In contrast, applying the recent lung cancer screen-
ing recommendations from the USPSTF (2021) that 
included an expanded age range and a lower threshold for 
smoking history18 would have detected 90% of our screened 
patients who were diagnosed with lung cancer. Therefore, 
our findings support the use of the new USPSTF recom-
mendations as a more sensitive screening program for lung 
cancer. Trials comparing PanCan, CTFPHC, and USPSTF 
guidelines on the outcomes of lung cancer detection, mor-
tality, unnecessary interventions from incidental findings, 
and healthcare costs are required to implement the optimal 
population-based strategy to screen for lung cancer in 
Canada.

Other considerations of screening include incidental 
findings that may cause anxiety and lead to follow-up imag-
ing for benign findings. While some recommend against 
looking for incidental findings on screening scans since less 
than 1% are significant,25 others report that 20% of screen-
ing scans will detect an incidental finding and about half of 

Figure 5.  Survival rates in patients with lung cancer were 
significantly lower in those who were not screened: (A) There 
was no difference in the proportion of patients treated with 
palliative intent (left) but a significantly higher proportion of 
patients died (right) who were not screened. (B) A survival 
curve for lung cancer patients measured from the day of the 
last imaging that indicated suspected malignancy. (C) A survival 
curve for lung cancer patients measured from the day of their 
diagnosis.
*P < .05. ***P < .001. ****P < .0001.
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those will need follow-up.24 In our study, 41 patients (14%) 
who were screened by any dose CT had incidental findings 
and 30 patients had follow-up imaging with only 3 having 
medically actionable findings. This follow-up imaging adds 
additional costs to screening programs and has been previ-
ously factored into cost-effectiveness analyses that support 
lung cancer screening.26 While radiation exposure is 
also a potential harm of screening, evidence suggests that it 
is acceptable as the risk of lung cancer is 3 to 4 times 
greater than the risk of developing a cancer from radiation 
exposure.27 To further reduce this risk, ULDCT has also 
been shown to effectively detect nodules and cancers as an 
alternative to LDCT.28 There were no missed cancers in our 
CT screening group and 2 diagnosed patients were screened 
using ULDCT. It was noted however, in our population, CT 
dose was not consistent with some studies using either 
ULDCT, LDCT, or standard dose CT.

Conclusion

In conclusion, our retrospective study is the first of this kind 
to report lung cancer screening practices in Newfoundland 
and Labrador and, despite its limitations, suggests a poten-
tial benefit of screening to diagnose lung cancer at earlier 
stages and improve survival. An organized provincial pro-
gram could improve the quality assurance of screening, 
allowing for appropriate patient selection to increase 
cost-effectiveness, and ensure all patients at risk are being 
screened. Interestingly, the age and smoking history 
between our screening and diagnostic groups did not differ, 
and over half of patients that were diagnosed with lung can-
cer met screening guidelines and may have been diagnosed 
at an earlier stage with better survival outcomes.

The PanCan study has showed the effectiveness of 
screening a high-risk population for lung cancer,6 with 
favourable cost-effectiveness in our single-payer system.4 
Our study supports the need for a provincial screening pro-
gram and lessons learned that can be applied to other prov-
inces. Namely, (1) opportunistic screening is occurring, but 
patients are not being selected according to guidelines and 
CT doses used for screening are variable, (2) 70% of lung 
cancers are detected if following CTFPHC guidelines which 
is improved to 90% when following the 2021 USPSTF 
guidelines, and (3) screening is detecting lung cancer at 
earlier stages with a mortality benefit. Therefore, imple-
mentation of a screening program with carefully evaluated 
screening criteria to balance lung cancer detection and 
costs could both increase appropriateness of screening and 
prevent lung-cancer related deaths.
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