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Wait times in the management of non–small cell 
lung carcinoma before, during and after 
regionalization of lung cancer care:  
a high-resolution analysis

Background: Timeliness can have a substantial effect on treatment outcomes, prog-
nosis and quality of life for patients with lung cancer. We sought to evaluate changes 
in wait times for patients with non–small cell lung carcinoma (NSCLC) and to iden-
tify bottlenecks in cancer care.

Methods: We included patients who received treatment with curative intent or palli-
ative treatment for NSCLC, diagnosed through mediastinal staging by a thoracic sur-
geon. Data were collected from 3 cohorts over 3 time periods: before the regionaliza-
tion of lung cancer care (2005–2007, C1), immediately postregionalization 
(2011–2013, C2) and 5 years after regionalization (2016–2017, C3). Total wait time 
and delays along treatment pathways were compared across cohorts using multivariate 
Cox proportionality models.

Results: Our total sample size was 299 patients. Overall, there was no significant dif-
ference in total wait time among the 3 cohorts. However, wait time from symptom 
onset to first physician visit significantly increased in C3 compared with C2 (hazard 
ratio [HR] 0.41, p < 0.01) and C1 (HR 0.43, p < 0.01). Time from first physician visit 
to computed tomography (CT) scan significantly decreased in C3 compared with C2 
(HR 1.54, p < 0.01). Time from abnormal CT scan to first surgeon visit also signifi-
cantly decreased in C2 (HR 1.43, p < 0.01) and C3 (HR 4.47, p < 0.01) compared with 
C1, and between C3 and C2 (HR 2.67, p < 0.01). In contrast, time from first surgeon 
visit to completion of staging significantly increased in C2 (HR 0.36, p < 0.01) and C3 
(HR 0.24, p < 0.01) compared with C1, as well as between C3 and C2 (HR 0.60, 
p < 0.01). Time to first treatment after completion of staging was significantly shorter 
for C3 than C1 (HR 1.58, p < 0.01).

Conclusion: Trends toward a reduction in wait time are evident 5 years after the 
regionalization of lung cancer care, primarily led by shorter wait times for CT scans 
and thoracic surgeon consults. However, wait times can further be reduced by 
addressing delays in staging completion and patient and provider education to identify 
the early signs of NSCLC.

Contexte : La rapidité d’intervention peut avoir un effet considérable sur l’issue du 
traitement, le pronostic et la qualité de vie des patients atteints d’un cancer du pou-
mon. Nous avons voulu évaluer les changements des temps d’attente des patients 
ayant un carcinome pulmonaire non à petites cellules et recenser les obstacles aux 
soins oncologiques.

Méthodes : Nous avons inclus des patients ayant reçu un traitement curatif ou pallia-
tif pour un carcinome pulmonaire non à petites cellules diagnostiqué par stadification 
de lésions médiastinales par un chirurgien thoracique. Les données ont été recueillies 
auprès de 3 cohortes, à 3 moments : avant la régionalisation des soins oncologiques 
(2005–2007; C1), immédiatement après la régionalisation (2011–2013; C2) et 5 ans 
après la régionalisation (2016–2017; C3). Le temps d’attente total et les délais au 
cours du processus de traitement des cohortes ont été comparés au moyen de modèles 
à risques proportionnels de Cox multivariés.

Résultats : Au total, l’échantillon comptait 299 patients. Dans l’ensemble, aucune dif-
férence statistiquement significative n’a été observée entre les 3 cohortes pour ce qui 
est du temps d’attente total. Cependant, la C3 présentait un temps d’attente entre 
l’apparition des symptômes et la première consultation médicale significativement plus 
long que la C2 (rapport de risque [RR] 0,41; p < 0,01) et que la C1 (RR 0,43; p < 0,01). 
Le temps d’attente entre la première consultation médicale et la tomodensitométrie 
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L ung cancer is a significant health care burden in 
Canada, representing an estimated 14% of all 
diagnosed cancers in 2017.1 Timely access to care 

is recognized as an important facet of high-quality 
care.2 For lung cancer in particular, timeliness can have 
a substantial effect on treatment outcomes, prognosis 
and quality of life; thus, shorter time intervals between 
evaluation, diagnosis and management of patients with 
suspected lung cancer is recommended by clinical prac-
tice guidelines.3–9 Wait times can be affected by 
patient-, provider- and system-specific factors. The 
identification of bottlenecks along the care pathway, 
from symptom onset to treatment, can improve timely 
access to care for the management of lung cancer.

In Ontario, the regionalization of thoracic surgery 
formally started in 2004 to better manage patient vol-
ume by improving access and expediting patient man-
agement, to facilitate multidisciplinary care and to 
improve patient outcomes. This was achieved through 
the establishment of regionalized cancer centres, which 
promoted streamlined referrals from primary care pro-
viders. For a hospital to be designated as a regional cen-
tre for thoracic cancer surgery, the hospital needed to 
possess the following: a minimum of 3 certified thoracic 
surgeons, 24-hour operating room availability, a clinical 
thoracic unit and access to an interdisciplinary oncology 
team.10 By 2010, nearly all (94%) lung resections were 
consolidated to 15 designated high-volume hospitals, 
defined by an annual target of > 150 lung resections for 
non–small cell lung carcinoma (NSCLC). Studies sug-
gest that regionalization has resulted in improvements 
in length of hospital stay10,11 but an increase in travel 
time,12 with conflicting evidence suggesting improved 
patient outcomes.10–13 There is, however, limited litera-
ture regarding the effect of regionalization on overall 
wait time in the management of NSCLC, as well as the 
identification of bottlenecks in the care pathway. Our 
objective was to evaluate the effect of regionalization on 
the management of NSCLC by comparing wait times 
before regionalization, immediately after regionalization 

and 5 years after regionalization. Total wait time (i.e., 
from symptom onset to treatment and management) was 
divided into systematic segments along the care pathway 
to identify bottlenecks in care across the 3 cohorts.

Methodology

Study design and patient selection

We conducted a retrospective review, evaluating 
records for all patients who underwent mediastinal 
staging for diagnoses of NSCLC by a thoracic surgeon 
through cervical mediastinoscopy or endobronchial 
ultrasonography. We selected the cervical mediastinos-
copy as the entry criteria to the study to preferentially 
capture patients who were eligible for surgical resec-
tion. We included only patients with pathologically 
confirmed NSCLC. We excluded patients who under-
went invasive mediastinal staging for diagnoses other 
than NSCLC. We also excluded patients with NSCLC 
who did not receive mediastinal staging as they had a 
stage IV disease diagnosed by other modalities, had 
comorbidities that prohibited medical intervention or 
declined investigations. As the focus of our study was 
evaluating the wait times for treatment and manage-
ment of NSCLC, we excluded patients who did not go 
through the subsequent work-up process or who 
declined treatment or management. We excluded 
patients with incomplete data, those with other primary 
cancers or those who died before the start of treatment. 
By focusing on patients who underwent cervical 
mediastin oscopy and endobronchial ultrasonography, 
we included those who might have been considered for 
definitive therapy or needed pathological proof of N2 
disease, thereby ensuring inclusion of a large number of 
patients who obtained treatment via different pathways. 
The treatment and management modalities included 
surgery, chemotherapy, radiation therapy or any form 
of palliative care therapy for management of NSCLC.

(TDM) était par contre significativement plus court dans la C3 que dans la C2 (RR 
1,54; p < 0,01). Le délai entre l’obtention d’un résultat anormal à la TDM et la pre-
mière consultation chirurgicale était également significativement moindre dans la C2 
(RR 1,43; p < 0,01) et dans la C3 (RR 4,47; p < 0,01) que dans la C1, mais aussi entre 
la C3 et la C2 (RR 2,67; p < 0,01). À l’inverse, le temps écoulé entre la première con-
sultation chirurgicale et la fin de la stadification était significativement plus long dans 
la C2 (RR 0,36; p < 0,01) et la C3 (RR 0,24; p < 0,01) que dans la C1; il en était égale-
ment ainsi entre la C3 et la C2 (RR 0,60; p < 0,01). Enfin, le délai entre le premier 
traitement et la fin de la stadification était significativement plus court dans la C3 que 
dans la C1 (RR 1,58; p < 0,01).

Conclusion  : Cinq ans après la régionalisation des soins oncologiques, on peut 
observer une réduction des temps d’attente, principalement une diminution du temps 
d’attente pour une TDM ou une consultation chirurgicale. Les temps d’attente pour-
raient être davantage raccourcis par une réduction des délais dans la stadification, ainsi 
que par la sensibilisation des patients et des fournisseurs de soins à l’égard de la recon-
naissance des signes précoces de carcinome pulmonaire non à petites cellules.
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We used the practice of 1 surgeon who initially oper-
ated in a low-volume hospital and subsequently in a 
high-volume hospital to control for practice- associated 
variation. The high-volume hospital was previously a 
low-volume thoracic centre that was then designated as 
a regional thoracic cancer surgery centre after recruiting 
thoracic oncologists. We included cohorts from 3 time 
periods relative to the regionalization of lung cancer 
care: before regionalization (January 2005 to April 2007; 
C1), immediately after regionalization (January 2011 to 
April 2013; C2) and 5 years after regionalization 
 (January 2016 to December 2017; C3). We included C2 
to show the organizational challenges and associated 
effect on wait times immediately after the implementa-
tion of regionalization. Patients in the first cohort 
received care in the low-volume hospital, and the 
patients in the second and third cohorts received care in 
the high-volume hospital.

Data collection

We manually extracted data on patient and disease 
characteristics, treatment and care pathways from 
hospital charts and outpatient office records. Baseline 
characteristics included age, sex, initial presenting 
symptom(s) that led to the diagnosis of NSCLC, 
medical specialty of first physician contact, tumour 
pathology, cancer stage and the type of initial onco-
logic treatment.

To evaluate wait times in the management of 
NSCLC, we constructed a timeline of care (Figure 1). 
We recorded 6 time points for each patient: self-
reported onset of symptoms that led to the diagnosis of 
NSCLC, first visit to the presenting physician, first com-
puted tomography (CT) imaging of the chest (or first 
diagnostic imaging that identified the chest lesion, for 
asymptomatic patients with incidental radiologic find-
ings), first consult with thoracic surgeon, completion of 
cancer staging for initiation of the first oncologic treat-
ment and initiation of first oncologic treatment (surgery, 
chemotherapy, radiation or palliative care). Asymptom-

atic patients with incidental radiologic patients did not 
have data for symptom onset and first physician visit. We 
used these time points to calculate wait times between 
sequential care segments, namely symptom onset to first 
physician visit (WT1), physician visit to CT scan 
(WT2), CT scan to first surgeon consult (WT3), first 
surgeon visit to staging completion (WT4), and staging 
completion to first treatment (WT5). We also calculated 
the total wait time, defined as the time from symptom 
onset to delivery of first oncologic treatment. Comple-
tion of cancer staging was defined as the final diagnostic 
imaging or pathological investigation before a decision 
was made for the first oncologic treatment. Patients were 
included in the analysis if at least 4 of the 6 time points 
were available in the charts.

Statistical analysis

We conducted univariate analysis of categorical vari-
ables using a χ2 test. We compared total wait times and 
interval delays across cohorts using multivariate Cox 
proportionality models with a forward stepwise 
approach, including patient-, tumour-, treatment- and 
provider-specific factors, added in this order. We used 
Stata 9.4 for Windows for statistical analysis.

Ethics approval

This study was approved by the Institutional Review 
Board of Scarborough Hospital and the Trillium Research 
Ethics Board.

Results

Our study included 299 patients (n = 102, 101 and 96 
for cohorts 1–3, respectively). Table 1 presents the dis-
tribution of patient-, procedure- and provider-specific 
factors by cohort, along with a comparison of total wait 
times and segment-specific wait times. The median 
total wait time before regionalization (C1) was 122 
( in t e rquar t i l e  r ange  [ IQR]  95 .5–216 )  day s , 

Fig. 1. Overview of wait time intervals in the care pathway for non–small cell lung carcinoma. CT = computed tomography, 
WT = wait time.
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148 (IQR 105–230) days immediately after regionaliza-
tion (C2) and 139.5 (95–206) days 5 years after region-
alization (C3). There were also differences between the 
cohorts in median time from onset of symptoms to first 
physician visit, CT scan to first consult with the thor-
acic surgeon, consult to completion of staging and 
staging completion to treatment initiation. In addition, 
the median wait time for positron emission tomog-
raphy (PET) scan was 14.5 days after the surgeon visit 
for patients in C2 and 20 days for C3. Significant dif-
ferences in univariate analysis were observed between 
cohorts in tumour, node and metastasis (TNM) stage 
of presentation, the type of biopsy performed, specialty 
of first physician, incidental findings and the type of 
definitive treatment. Therefore, these variables were 
included in the adjusted analysis.

Table 2, Table 3, Table 4 and Table 5 present the 
results of Cox proportionality models, and Figure 2 pre-
sents a comparison of median interval wait times among 
the 3 cohorts, highlighting the statistically significant 
differences based on multivariate analysis. The final 
model included cohort, patient age, sex, disease stage, 
first phys ician, treatment type and whether the tumour 
was an incidental finding. Increasing patient age was 
associated with a significantly longer time from CT scan 
to first surgeon visit, first surgeon visit to completion of 
staging and total wait time, but was associated with a sig-
nificantly shorter time from symptom onset to first phys-
ician visit. Female patients were significantly more likely 
to wait longer than male patients from symptom onset to 
first physician visit. Patients who were in stage II and IV 
at presentation had a significantly higher likelihood of 
shorter wait time from abnormal CT scan to first sur-
geon visit than patients in stage I. Patients with stage II 
disease also had a significantly higher likelihood of 
shorter total wait time than patients with stage I disease. 
If the patients had first contact with the emergency 
department versus a general physician, they had signifi-
cantly higher likelihood of experiencing shorter total 
wait times. Treatment did not affect total wait time or 
any of the wait time  segments.

There were no significant differences in total wait 
time for patients in the postregionalization cohorts com-
pared with the preregionalization cohort. However, 
within the postregionalization period, the total wait time 
was significantly shorter for patients in C3 compared 
with C2. The time from symptom onset to first physician 
visit significantly increased in the 5-year postregionaliza-
tion period compared with immediately postregionaliza-
tion and preregionalization. There were no significant 
differences between preregionalization and immediately 
postregionalization in time to symptom onset to first 
physician visit. The time from first physician visit to 
 initial CT scan was significantly shorter for patients in 
C3 compared with C2. The time from CT scan to first  

surgeon visit significantly decreased over time; this seg-
ment was shortest for patients in C3 compared with C2 
and C1, and was significantly shorter for C2 compared 
with C1. In contrast, the time between first surgeon visit 
and completion of staging significantly increased over 
time; this segment was longest for patients in C3 com-
pared with C2 and C1, and was significantly longer for 
C2 patients compared with C1. Lastly, the time from 
staging completion to first treatment or management 
modality was significantly shorter in the cohort from 
5  years after regionalization compared with the cohort 
before regionalization.

Table 1. Univariate comparison of wait times and patient-, 
procedure- and provider-specific factors, by cohort

Variable

No (%) of patients*

p value
Cohort 1
n = 102

Cohort 2
n = 101

Cohort 3
n = 96

Age, mean ± SD, 
yr

69 ±10 68 ± 9 68 ± 10 —

Sex

    Male 58 (56.9) 45 (44.6) 45 (46.9) 0.177

    Female 44 (43.1) 56 (55.4) 51 (53.1)

Biopsy type

    CM 102 (100.0) 85 (84.2) 61 (63.5) < 0.001

    EBUS 0 (0) 16 (15.8) 35 (36.5)

TNM stage

    I 33 (32.4) 43 (42.6) 36 (37.5) < 0.001

    II 15 (14.7) 19 (18.8) 14 (14.6)

    III 34 (33.3) 29 (28.7) 22 (22.9)

    IV 20 (19.6) 10 (9.9) 24 (25.0)

First contact

    GP 58 (56.9) 60 (59.4) 72 (75.0) 0.017

    ED/  
    respirologist/  
    walk-in/ other

44 (43.1) 41 (40.6) 24 (25.0)

Definitive 
treatment

    Surgery 65 (63.7) 68 (67.3) 55 (57.3) < 0.001

    Chemoradiation 37 (36.3) 33 (32.7) 41 (42.7)

Incidental

    Yes 33 (32.4) 47 (46.5) 25 (26.0) < 0.001

    No 69 (67.6) 54 (53.5) 71 (74.0)

Median wait time  
(IQR), d†

    WT 1 4 (0–16) 2 (0–21) 28.5 (0–83) —

    WT 2 24 (6–39) 11 (0–27) 13 (5–27) —

    WT 3 51 (28–95) 36 (17–85) 14 (7–26) —

    WT 4 9 (7–17) 21 (14–34) 28.5 
(16–47)

—

    WT 5 31.5 
(21–50.5)

32.5 (19–48) 29 (15–41) —

    Total wait time 122 
(95.5–216)

148 
(105–230)

139.5 
(95–206)

—

CM = cervical mediastinoscopy, CT = computed tomography, EBUS = endobronchial 
ultrasound, ED = emergency department, GP = general practitioner, IQR = interquartile 
range, TNM = tumour, node, metastasis, WT = wait time.

*Unless indicated otherwise.

†WT1 = symptom onset to first physician visit, WT2 = physician visit to CT scan, WT3 = 
CT scan to first surgeon consult, WT4 = first surgeon visit to staging completion, WT5 
staging completion to first treatment.
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Table 2. Cox proportionality model for comparison of wait time, all cohorts

Variable

Hazard ratio (95% CI)* 

WT1 WT2 WT3 WT4 WT5 Total wait time

Time period

    Cohort 1 (reference)

    Cohort 2 0.86 (0.54–1.37) 0.62 (0.35–1.10) 1.38 (1.00–1.91)† 0.34 (0.24–0.47)† 1.26 (0.90–1.75) 0.81 (0.58–1.12)

    Cohort 3 0.39 (0.25–0.61)† 0.95 (0.57–1.59) 4.16 (2.97–5.83)† 0.24 (0.17–0.33)† 1.59 (1.16–2.19)† 1.09 (0.80–1.52)

Age 1.20 (1.00–1.44)† 0.86 (0.70–1.05) 0.78 (0.69–0.89)† 0.92 (0.80–1.06) 0.72 (0.64–0.83)† 0.75 (0.66–0.87)†

Sex

    Male (reference)

    Female 0.69 (0.47–1.00) 1.01 (0.70–1.46) 1.03 (0.80–1.34) 0.88 (0.67–1.14) 1.24 (0.96–1.61) 1.01 (0.77–1.32)

TNM stage

    Stage I (reference)

    Stage II 1.72 (0.95–3.11) 1.03 (0.60–1.76) 1.60 (1.09–2.34)† 1.03 (0.70–1.50) 1.0 (0.68–1.47) 1.50 (1.01–2.22)†

    Stage III 1.13 (0.59–2.13) 1.39 (0.79–2.47) 1.22 (0.83–1.79) 1.09 (0.74–1.63) 1.12 (0.76–1.66) 1.09 (0.73–1.64)

    Stage IV 1.23 (0.56–2.69) 1.00 (0.47–2.16) 1.69 (1.03–2.79)† 1.45 (0.88–2.40) 1.20 (0.72–2.00) 1.25 (0.75–2.11)

First physician

    GP (reference)

    ED/ respirologist/ 
    walk-in/ other

1.04 (0.66–1.63) 1.33 (0.85–2.07) 1.00 (0.77–1.31) 0.91 (0.69–1.20) 1.24 (0.95–1.62) 1.62 (1.21–2.17)†

Definitive treatment

    Surgery (reference)

    Chemoradiation 1.26 (0.66–2.40) 1.32 (0.71–2.45) 1.47 (0.99–2.18) 1.03 (0.69–1.55) 0.97 (0.65–1.45) 1.47 (0.96–2.23)

Incidental finding —

    No (reference)

    Yes — 1.34 (0.84–2.13) 0.65 (0.48–0.86)† 1.04 (0.77–1.40) 0.88 (0.66–1.16)

CI = confidence interval, GP = general practitioner; ED = emergency department, TNM = tumour, node, metastasis, WT = wait time.
*WT1 = symptom onset to first physician visit, WT2 = physician visit to CT scan, WT3 = CT scan to first surgeon consult, WT4 = first surgeon visit to staging completion, WT5 staging 
completion to first treatment.
†Significant at p ≤ 0.05

Table 3. Cox proportionality model for comparison of wait time, cohort 3 versus cohort 1 (reference group)

Variable

Hazard ratio (95% CI)*

WT1 WT2 WT3 WT4 WT5 Total wait time

Time period

    Cohort 1 (reference)

    Cohort 3 0.41 (0.26–0.66)† 0.88 (0.51–1.50) 4.47 (3.10–6.46)† 0.24 (0.17–0.34)† 1.58 (1.14–2.19)† 1.14 (0.81–1.60)

Age 1.18 (0.95–1.46) 0.91 (0.71–1.16) 0.81 (0.69–0.94)† 0.91 (0.77–1.07) 0.74 (0.64–0.86)† 0.78 (0.67–0.91)†

Sex

    Male (reference)

    Female 0.74 (0.47–1.15) 0.80 (0.50–1.28) 1.19 (0.88–1.62) 0.86 (0.63–1.18) 1.13 (0.83–1.54) 1.00 (0.73–1.37)

TNM stage

    Stage I (reference)

    Stage II 1.75 (0.89–3.41) 1.0 (0.51–1.98) 1.80 (1.13–2.88)† 0.97 (0.61–1.55) 0.82 (0.51–1.33) 1.58 (0.98–2.55)

    Stage III 1.83 (0.83–4.07) 1.04 (0.46–2.35) 1.82 (1.10–2.98)† 0.92 (0.57–1.49) 0.97 (0.59–1.59) 1.12 (0.66–1.88)

    Stage IV 1.79 (0.69–4.65) 0.77 (0.27–2.22) 2.04 (1.14–3.67)† 1.05 (0.59–1.87) 0.87 (0.48–1.57) 1.19 (0.65–2.21)

First Physician

    GP (reference)

    ED/ respirologist/walk-in/ other 1.11 (0.63–1.95) 0.96 (0.50–1.84) 0.89 (0.64–1.24) 1.17 (0.85–1.62) 1.29 (0.92–1.81) 1.66 (1.16–2.37)†

Definitive treatment

    Surgery (reference)

    Chemoradiation 0.85 (0.38–1.89) 1.65 (0.69–3.95) 1.16 (0.72–1.89) 1.39 (0.85–2.27) 1.23 (0.76–1.99) 1.51 (0.89–2.54)

Incidental finding

    No (reference)

    Yes — 1.57 (0.87–2.83) 0.68 (0.48–0.98)† 1.19 (0.84–1.70) 0.93 (0.66–1.32) 1.13 (0.77–1.66)

CI = confidence interval, GP = general practitioner; ED = emergency department, TNM = tumour, node, metastasis, WT = wait time.
*WT1 = symptom onset to first physician visit, WT2 = physician visit to CT scan, WT3 = CT scan to first surgeon consult, WT4 = first surgeon visit to staging completion, WT5 staging 
completion to first treatment.
†Significant at p ≤ 0.05
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Table 5. Cox proportionality model for comparison of wait time, cohort 2 versus cohort 1 (reference group)

Variable

Hazard ratio (95% CI)*

WT1 WT2 WT3 WT4 WT5 Total wait time

Time period 0.94 (0.59–1.48) 0.71 (0.39–1.29) 1.43 (1.02–2.01)† 0.36 (0.26–0.52)† 1.19 (0.84–1.67) 0.81 (0.58–1.12)

    Cohort 1 (reference)

    Cohort 2

Age 1.31 (1.04–1.66)† 0.87 (0.65–1.18) 0.73 (0.62–0.85)† 0.95 (0.79–1.14) 0.65 (0.55–0.78)† 0.76 (0.64–0.90)†

Sex

    Male (reference)

    Female 0.66 (0.41–1.08) 1.61 (0.93–2.78) 1.02 (0.73–1.42) 0.83 (0.59–1.16) 1.42 (1.02–1.98)† 1.14 (0.81–1.60)

TNM stage

    Stage I (reference)

    Stage II 1.40 (0.65–3.02) 1.21 (0.53–2.77) 1.40 (0.87–2.26) 0.90 (0.56–1.47) 0.93 (0.56–1.54) 1.19 (0.72–1.97)

    Stage III 0.83 (0.43–1.63) 3.13 (1.31–7.50)† 1.02 (0.67–1.57) 1.38 (0.86–2.20) 1.18 (0.75–1.86) 1.15 (0.73–1.81)

    Stage IV 0.79 (0.31–2.03) 2.33 (0.70–7.68) 1.61 (0.84–3.08) 1.48 (0.71–3.06) 1.21 (0.60–2.42) 1.11 (0.57–2.15)

First physician

    GP (reference)

    ED/ respirologist/ 
    walk-in/ other

0.78 (0.46–1.34) 2.13 (1.10–4.13)† 1.16 (0.84–1.61) 0.84 (0.59–1.18) 1.19 (0.86–1.65) 1.39 (1.00–1.95)

Definitive treatment

    Surgery (reference)

    Chemoradiation 1.74 (0.83–3.65) 1.02 (0.42–2.46) 1.45 (0.92–2.30) 0.84 (0.51–1.40) 0.70 (0.43–1.14) 1.34 (0.83–2.16)

Incidental finding

    No (reference)

    Yes – 1.09 (0.55–2.16) 0.55 (0.39–0.79)† 1.15 (0.79–1.68) 0.92 (0.65–1.31) 0.69 (0.47–1.01)

CI = confidence interval, GP = general practitioner; ED = emergency department, TNM = tumour, node, metastasis, WT = wait time.

*WT1 = symptom onset to first physician visit, WT2 = physician visit to CT scan, WT3 = CT scan to first surgeon consult, WT4 = first surgeon visit to staging completion, WT5 staging 
completion to first treatment.

†Significant at p ≤ 0.05

Table 4. Cox Proportionality model for comparison of wait time, cohort 3 versus cohort 2 (reference group)

Variable

Hazard ratio (95% CI)*

WT1 WT2 WT3 WT4 WT5 Total wait time

Time period

    Cohort 2 (reference)

    Cohort 3 0.43 (0.25–0.71)† 1.54 (1.02–2.31)† 2.67 (1.85–3.85)† 0.60 (0.43–0.84)† 1.20 (0.86–1.67) 1.55 (1.05–2.28)†

Age 1.20 (0.96–1.49) 0.88 (0.70–1.10) 0.82 (0.69–0.98)† 0.89 (0.75–1.07) 0.79 (0.67–0.93)† 0.75 (0.61–0.92)†

Sex

    Male (reference)

    Female 0.76 (0.48–1.18) 0.97 (0.65–1.46) 0.90 (0.65–1.24) 0.90 (0.64–1.25) 1.14 (0.83–1.57) 0.91 (0.64–1.29)

TNM stage

    Stage I (reference)

    Stage II 2.08 (1.01–4.28)† 1.03 (0.58–1.82) 1.55 (0.98–2.45) 1.20 (0.76–1.90) 1.29 (0.82–2.02) 1.71 (1.06–2.74)†

    Stage III 0.94 (0.42–2.11) 1.13 (0.60–2.14) 1.06 (0.64–1.77) 0.76 (0.44–1.30) 1.19 (0.69–2.05) 0.93 (0.53–1.63)

    Stage IV 1.23 (0.47–3.22) 0.84 (0.36–1.94) 1.71 (0.90–3.28) 1.72 (0.94–3.16) 1.76 (0.91–3.42) 1.43 (0.69–2.99)

First physician

    GP (reference)

    ED/ respirologist/walk-in/other 1.43 (0.82–2.49) 1.39 (0.86–2.24) 0.96 (0.68–1.35) 0.70 (0.48–1.01) 1.18 (0.83–1.67) 1.93 (1.30–2.89)

Definitive treatment

    Surgery (reference)

    Chemoradiation 1.35 (0.58–3.13) 1.46 (0.75–2.87) 1.74 (1.03–2.96)† 1.19 (0.70–2.02) 1.06 (0.60–1.86) 1.72 (0.93–3.17)

Incidental finding

    No (reference)

    Yes — 1.16 (0.71–1.90) 0.68 (0.47–0.98) 0.91 (0.62–1.33) 0.83 (0.58–1.18) 1.29 (0.83–2.02)

CI = confidence interval, GP = general practitioner; ED = emergency department, TNM = tumour, node, metastasis, WT = wait time.
*WT1 = symptom onset to first physician visit, WT2 = physician visit to CT scan, WT3 = CT scan to first surgeon consult, WT4 = first surgeon visit to staging completion, WT5 staging 
completion to first treatment.
†Significant at p ≤ 0.05
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discussion

Our results provide insight into the shifting nature of 
interval delays along the cancer care pathway and high-
light care points that are acting as bottlenecks, thus 
delaying the management of patients with NSCLC. 
Overall, the median total wait time increased by 28 days 
immediately after regionalization, and then decreased by 
8.5 days in the period 5 years after regionalization. How-
ever, there was an increase of 17.5 days in median total 
wait time between the first and the last cohorts. There 
were also differences in interval delays between the 
cohorts. For instance, wait times 5 years after regional-
ization seem to be primarily driven by an increase in 
staging completion time as well as delays in initial phys-
ician contact after the onset of symptoms. This increase 
was countered, to an extent, by shorter time for first con-
sult with a surgeon after an abnormal CT scan and 
shorter time from staging completion to first treatment.

The total wait time, as well as the interval delays, for 
lung cancer management in our study were comparable to 
other published studies.3,6,8,14–17 Two Canadian studies 
from tertiary hospitals in Hamilton, Ontario, and Mon-
tréal, Quebec, evaluated time delays in the care of patients 
with NSCLC.8,17 The wait time from symptom onset to 
treatment in these studies was 138 days in Hamilton and 
122 days in Montréal. Internationally, an American study 
evaluated the timelines of more than 48 000 Medicare 
patients with lung cancer and found that the median time 
from symptom onset to diagnosis was 187 days, which is 

40 days longer than in our cohort with the longest wait 
time, immediately after regionalization.6 However, each 
study used different time points for defining interval 
delays, rendering direct comparisons difficult. 

In recent years, organized efforts have been made at 
the federal and provincial levels in Canada to evaluate 
wait times for cancer surgeries and improve access to 
timely care. Targets and benchmarks for wait times have 
been developed to keep track of progress and identify 
gaps in care. However, the time from referral to surgery 
and from surgery booking or decision to surgery, as 
reported by Health Quality Ontario and the Canadian 
Institute for Health Information, could not be compared 
with our study given the difference in intervals cap-
tured.18,19 Although this provincial- and national-level 
reporting of wait times is crucial in tracking progress and 
highlighting opportunities for improvement, they capture 
only surgical wait times and do not capture all the delays 
that patients encounter throughout their cancer care 
journey, from diagnosis to management. Therefore, a 
comprehensive evaluation of total wait time and interval 
delays, and inclusion of all management modalities, can 
provide opportunities for identifying bottlenecks in care 
and can subsequently improve wait times, prognosis and 
quality of life for patients.

The effects of the implementation of clinical practice 
guidelines, diagnostic pathways and evidence-informed 
practice can be observed in our study. According to the 
guidelines of Cancer Care Ontario, patients with an 
abnormal chest radiograph or a high suspicion of lung 

Fig. 2. Comparison of median wait times between cohorts 1 and 2. WT1 = symptom onset to first phys-
ician visit, WT2 = physician visit to computed tomography (CT) scan, WT3 = CT scan to first surgeon 
consult, WT4 = first surgeon visit to staging completion, WT5 staging completion to first treatment.  
*p < 0.05 cohort 1 v. cohort 2. †p < 0.05 cohort 1 v. cohort 3. ‡ p < 0.05 cohort 2 v. cohort 3.

4

24

51

9

31.5

2

11

36

21

32.5

0

10

20

30

40

50

60

70

80

90

100

WT1 WT2 WT4 WT5

N
u

m
b

er
 o

f 
d

ay
s

Symptom
onset

Physician
visit

CT
imaging

Surgeon
consult

Staging
completion

Initiation of
treatment

*†‡‡†‡ *†‡ † 

WT3

28.5

13 14

28.5 29

Cohort 1
Cohort 2
Cohort 3



RESEARCH

 Can J Surg/J can chir 2021;64(2) E225

cancer based on clinical judgment should undergo a 
chest CT within 2 weeks.5 The wait time for first CT 
scan was within this limit for all 3 cohorts. Additionally, 
compared with C2, the wait time for this segment was 
significantly shorter in C3 when regionalization was 
more settled. A more streamlined diagnostic process was 
adopted after regionalization through the implementa-
tion of clinical decision-making models (diagnostic path-
ways) developed by Cancer Care Ontario for primary 
care providers. These pathways provide a clinical schem-
atic for providers that delineates the appropriate next 
steps based on a patient’s initial presentation (i.e., Thor-
acic Diagnostic Assessment Programs).20,21 Factors such 
as presenting symptoms, features suspicious of malig-
nancy, comorbidities and risk factors, are taken into con-
sideration and guide specialist referral and additional 
investigations for work-up. Based on the decision- 
making model for lung cancer, patients with a clinical 
picture suggestive of malignancy should swiftly undergo 
CT scanning for evaluation, which may prompt referral 
to the regional cancer centre for specialist consultation. 
These guidelines were likely more ingrained and in bet-
ter circulation several years after regionalization com-
pared with immediately after regionalization, which 
could explain the significant decrease in time to CT 
scans observed in C3. Furthermore, the absence of such 
decision-making models before regionalization likely led 
to increased referrals to respirologists, multiple presenta-
tions to the general practitioner before a CT scan or 
repeated imaging, evident in the significantly longer time 
to see a surgeon following an abnormal CT scan in C1 
and C2 compared with C3. Further research should 
evalu ate the effectiveness of these decision-making tools 
in modifying referral pathways (i.e., direct referral to the 
thoracic surgeon by the general practitioner or emer-
gency physicians following an abnormal CT scan, or 
delayed referral after additional testing or referral to a 
respirologist), as they affect the overall wait time for the 
delivery of lung cancer care. 

Our study showed an increase in time to completion of 
staging after regionalization which may be attributed to 
the inclusion of PET scans in the staging work-up. Com-
prehensive staging protocols for lung cancers after 
regionalization recommend an additional workup with a 
PET scan, magnetic resonance imaging of the brain and 
CT of the chest for all patients with NSCLC, in compli-
ance with best practice guidelines and evidence from ran-
domized control trials.22–25 The observed increase of 5.5 
days in the median wait time for PET scans between C2 
to C3 suggests prolongaton of staging completion time. 
These findings are consistent with a large-scale retro-
spective study of time delays in the treatment of patients 
with NSCLC in the American Medicare system, which 
showed that the use of PET scans was associated with sig-
nificantly lower rates of adherence to time delay targets.26 

In Ontario, PET scans became available as an insured 
service for patients with suspected NSCLC in 2009.18 
However, the number of PET scans allowed by the min-
istry was disproportionally lower than those required for 
comprehensive staging of the NSCLC population. 
Although this issue was resolved over time, and was 
therefore not a concern for C3, the interval delay for 
completion of staging after first surgeon visit remained 
significantly high in this cohort. These delays could be 
reduced by using nurse navigators to manage appoint-
ments for staging and functional tests. In addition, these 
delays also signify the important decision of delaying 
treatment in favour of appropriate staging, which could 
have important long-term benefits for prognosis.

Another unexplained finding in our study is the sig-
nificantly higher wait time from symptom onset to 
in itial visit with the physician 5 years after regionaliza-
tion compared to the earlier study periods. In the 
absence of this delay, the total wait time would have 
been 111 days for C3, 11 days shorter than C1. There 
are a few possible explanations. First, there could have 
been an overall increase in wait time to see a general 
practitioner in the region. Second, a significantly lower 
proportion of patients in this cohort (24%) first pre-
sented in the emergency department compared to the 
other cohorts (44% in C1, 34% in C2) which could 
have increased wait time from symptom onset to initial 
physician visit for these patients. However, after adjust-
ing for the type of first physician in the adjusted model, 
the wait time from symptom onset to initial visit was 
still significantly higher for C3. Third, the time for 
symptom onset is based on patient recall, which could 
result in differences between cohorts; however, we do 
not have a reason to assume the patients in C3 would 
recall differently than other cohorts. Therefore, further 
research is needed to evaluate if regionalization inad-
vertently created a bottleneck to get a consult appoint-
ment with the thoracic surgeon.

Overall, breaking down the care pathway allowed for 
a more granular understanding of bottlenecks in care 
and the effects that restructuring care had on wait 
times. Furthermore, we included the cohort immedi-
ately after regionalization to highlight the challenges in 
care delivery in this period. Some of the challenges 
include additional delays because of the implementation 
of guidelines in the care pathway that did not have ade-
quate infrastructure or availability (e.g., CT and PET 
scans). We believe this information could be of interest 
to other jurisdictions, as well as the global readers, that 
may consider regionalization of cancer care. Regional-
ization is much more than a shift in patient care to high 
volume centres. In actuality, it inevitably requires 
increased resource use, which in turn requires planning 
to ensure the provision of efficient, high-quality, seam-
less care.
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Limitations

As with any retrospective chart review, we were 
unable to obtain real-time data on all patients, thus 
relying on patient recall and physicians’ recording of 
data to determine the care pathway. Endobronchial 
ultrasound replaced cervical mediastinoscopy in select 
instances in high-volume hospitals, which may have 
resulted in some sampling bias by precluding patients 
with advanced disease. There are no standard defini-
tions for interval delays in the management of 
NSCLC, which limited comparison with the litera-
ture. The 2 hospitals in our study served different 
geographic areas. Unmeasured demographic differ-
ences, patient attitudes, adherence and choice of 
treatment may have influenced time delays. Some of 
the differences observed between cohorts (e.g., time 
delays, referral patterns, staging modalities, use of 
PET scan) may also be explained by the inherent dif-
ferences between low- and high-volume hospitals, as 
opposed to being entirely the effect of regionaliza-
tion. It was difficult to untangle what differences were 
because of disparities in clinical volume versus 
regionalization. In addition, there are practical chal-
lenges with finding a single centre that was low vol-
ume before regionalization and that became a high-
volume centre after regionalization. There are many 
moving parts in the care continuum, and even after 
adjusting for patient-, provider- and disease-specific 
factors, we could not control for the effect of resource 
availability. As this study represents the experience of 
a single surgeon, the generalizability of results to 
other institutions may be limited.

conclusion

Our study showed the effects of the regionalization of 
care and the implementation of clinical practice guide-
lines on wait times for NSCLC in the practice of a 
single surgeon. Although trends toward reduction in 
wait times between different care points are evident, 
we did not identify any statistically significant changes 
in total wait time to receive treatment for NSCLC 
after regionalization. Our study, however, highlights 
specific wait time segments in the period after region-
alization in which a meaningful reduction in wait 
times is possible with the implementation of appropri-
ate processes of care, such as easier access to primary 
care, availability of resources before implementation 
of clinical practice guidelines and using dedicated 
patient care navigators throughout the cancer care 
pathway. Future studies should address whether or not 
further reductions in staging completion time trans-
lates into improved outcomes in oncological care.
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