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Abstract

Objective: Although previous studies have identified variation in quality lung cancer care, 

existing quality metrics may not fully capture the complexity of cancer care. The Thoracic Surgery 

Outcomes Research Network recently developed quality measures to address this. We evaluated 

baseline adherence to these measures and identified factors associated with adherence.

Methods: Patients with pathologic stage I and II non-small cell lung cancer from 2010 to 2015 

were identified in the National Cancer Database. Patient-level and hospital-level adherence to 7 
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quality measures was calculated. Goal hospital adherence threshold was 85%. Factors influencing 

adherence were identified using multilevel logistic regression.

Results: We identified 253,182 patients from 1324 hospitals. Lymph node sampling was 

performed in 91% of patients nationally, but only 76% of hospitals met the 85% adherence 

mark. Similarly, 89% of T1b (seventh edition staging) tumors had anatomic resection, with 69% 

hospital-level adherence. Sixty-nine percent of pathologic stage II patients were recommended 

chemotherapy, with only 23% hospitals adherent. Eighty-three percent of patients had biopsy 

before primary radiation, with 64% hospitals adherent. Higher volume and academic institutions 

were associated with nonadherence to adjuvant chemotherapy and radiation therapy measures. 

Conversely, lower volume and nonacademic institutions were associated with inadequate nodal 

sampling and nonanatomic resection.

Conclusions: Significant gaps continue to exist in the delivery of quality care to patients with 

early-stage lung cancer. High-volume academic hospitals had higher adherence for surgical care 

measures, but lower rates for coordination of care measures. This requires further investigation, 

but suggests targets for quality improvement may vary by institution type.
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Lung cancer continues to be the leading cause of cancer-related death in the United States, 

with 228,150 new cases and 142,670 deaths estimated in 2019.1 Modern lung cancer 

care is increasingly multidisciplinary and complex, with patients exposed to a variety of 

specialists, tests, and treatments. Many organizations and societies have published evidence­

based guidelines and recommendations for lung cancer care. However, patients frequently 

do not receive care that is in line with these best practices.2–6 To ensure patients are 

receiving guideline-appropriate care, certain quality measures have been proposed, such as 

the Commission on Cancer’s (CoC) Quality of Care Measures.7,8 While these measures 

identify some gaps in the care of lung cancer, they may not completely capture the 

complexity of lung cancer care in a clinically meaningful way.

The Thoracic Surgery Outcomes Research Network (ThORN) is a multi-institutional 

collaborative dedicated to advancing the practice of general thoracic surgery through health 

services and outcomes research. To address limitations of existing quality metrics, this 

group developed a list of quality measures for the treatment of non–small cell lung cancer 

(NSCLC) (Table E1).9 These were developed through a national modified-Delphi expert 

consensus process,10 with experts from multiple disciplines including thoracic surgery, 

medical oncology, and radiation oncology. Candidate measures were developed from 

existing clinical care guidelines, published quality measures, and review of the published 

and gray literature. A modified-Delphi process was used to identify quality measures 

of greatest importance to the provision of care to patients with NSCLC. The measures 

encompass all aspects and phases of care, from diagnosis and staging, through treatment, to 

follow-up and surveillance.9
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Because these measures are newly developed, baseline adherence is unknown. Identifying 

gaps in baseline measure adherence is the necessary first step in effective quality 

improvement to increase guideline-concordant care. Thus, we sought to evaluate baseline 

adherence to these newly developed quality measures. We focused specifically on those 

measures pertaining to the care of patients with stage Ia through IIb lung cancer that 

could be assessed using the National Cancer Database (NCDB). Additionally, we evaluated 

institutional factors associated with adherence to each measure.

METHODS

We retrospectively reviewed the NCDB from 2010 to 2015 to identify all patients with a 

primary diagnosis of NSCLC. The NCDB is the world’s largest cancer registry, containing 

all cases of cancers diagnosed in the United States at CoC-accredited facilities, representing 

about 82% of lung cancer diagnoses.11 Data are entered into the NCDB by specifically 

trained certified tumor registrars, who systematically review institutional records and 

query treating physicians for missing data. Data undergoe extensive quality assurance and 

review.11 All treatment variables pertaining to the first course of therapy are recorded, 

including neoadjuvant and adjuvant therapies, but not including recurrences.12 From the 

NCDB, we identified all patients with stage Ia and IIb NSCLC based on the seventh 

edition of the American Joint Committee on Cancer (AJCC) staging manual.13 Pathologic 

staging was used preferentially when available, with clinical staging used otherwise. Patients 

without staging data and patients with metastatic cancer to the lung were excluded. From 

this baseline group, subgroups for analysis were created based on additional inclusion and 

exclusion criteria for each measure.

Quality Measures

Of the 18 ThORN quality measures for early stage NSCLC, 7 could feasibly be assessed 

using existing data in the NCDB (Table 1).9 The first 2 are categorized as patient 

evaluation measures. Measure 1 evaluates documentation of clinical stage before treatment 

for NSCLC. All patients who received any form of treatment were included in this measure. 

Measure 2 assesses pre- or intraoperative tissue diagnosis in patients undergoing lobectomy 

or larger resection. All patients who undergo lobectomy or larger (eg, bilobectomy or 

pneumonectomy) are included in assessing that measure.

The next 3 measures evaluate surgical care of patients with early-stage NSCLC. Measure 

3 evaluates lymph node sampling at the time of resection, and includes all patients who 

undergo any type of lung resection. Of note, the original measure called for at least 2 

N2 stations and any N1 station to be sampled; however, specific information on nodal 

stations is not available in NCDB. Measure 4 evaluates whether an anatomic resection (eg, 

segmentectomy, lobectomy, bilobectomy, or pneumonectomy) was performed for patients 

with pathologic stage T1b or greater disease. We performed sensitivity analyses using size 

criteria (>2 cm or >3 cm) in place of documented T1b staging for this measure. Measure 5 

assesses R0 resection in all patients who undergo surgery with curative intent.

The final 2 measures address multidisciplinary coordination of care for early-stage NSCLC. 

Measure 6 evaluates whether patients with pathologic stage II cancers were appropriately 
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referred for adjuvant chemotherapy. Whereas the NCDB does not document referrals, it does 

record whether chemotherapy was recommended to a patient. In evaluating this measure, 

patients documented not to be candidates for chemotherapy due to comorbidities or patient 

refusal are considered compliant. Measure 7 assesses whether patients had an attempted 

biopsy before definitive ablative radiotherapy. This was determined by comparing the start 

date of radiation and the date of diagnostic or staging procedure reported in the NCDB. For 

this measure, patients who received external beam radiation to the lung parenchyma only (ie, 

excluding chest wall and mediastinal radiation) are included.

Patient and Hospital Factors

Patient factors abstracted from the NCDB include age, sex, race, insurance status, Charlson 

comorbidity score, and treatment at multiple facilities. Age was categorized into 4 groups 

(18-55 years, 56-65 years, 66-75 years, and >75 years). Race was categorized as White, 

Black, or other. Insurance status was categorized as private, Medicare, Medicaid or other 

government insurance, and uninsured. The Charlson comorbidity score is recorded as 0, 1, 

2, or ≥3. Treatment at more than one facility was included as a predictor due to its potential 

effects on processes of care.

Hospital factors evaluated included yearly institutional lung cancer volume, academic status, 

geographic location, and metropolitan or nonmetropolitan area. Distance patients traveled 

to treating hospital was also included (<5 miles, 5-10 miles, or >10 miles) as an additional 

measure of hospital location and patient population. Average yearly lung cancer volume was 

included as quartiles. Geographic location is reported as 9 categories by the NCDB, which 

were consolidated into 4 regions (South Atlantic, North Atlantic, Central, and Mountain/

Pacific).

Statistical Analysis

Adherence with patient-level measures was calculated as the percentage of all patients 

nationwide who met the measure over all eligible for that particular measure. Hospital-level 

adherence was calculated as the percentage of patients treated at a hospital who met the 

measure criteria over all eligible patients at that hospital. Hospitals were considered to pass 

the measure if they provided measure-adherent care in at least 85% of cases, corresponding 

to the threshold used by the CoC to assess adherence to Quality of Care Measures for 

program accreditation.8

We developed a model for each of the 7 measures, with the outcome being adherence to 

the measure for each patient eligible for evaluation for that particular measure. Multilevel 

mixed-effect models (SAS PROC GLIMMIX), including hospital as a random effect were 

used, including all hospital and patient factors listed above as fixed effects (Appendix 

E1). These factors were all determined a priori to be clinically important. As a sensitivity 

analysis, the same models were constructed without categorizing continuous predictors 

(ie, age, distance, and volume). Interactions between patient risk factors (ie, age and 

comorbidities) and institutional factors (ie, academic or not and volume) were evaluated 

for significant effects with regard to measure adherence. In addition, we calculated intraclass 

correlation and proportional change of variance using estimates of the between-hospital 
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variance from each of the 7 hierarchical models, to quantify the proportion of observed 

variability attributable to hospital-level differences.14–16

Finally, we evaluated the associations between adherence to each measure and survival using 

Cox proportional hazards modeling with robust sandwich covariance matrix estimates to 

account for intracluster dependence, with adjustment for all prespecified patient and hospital 

factors. All analyses were performed in SAS version 9.4 (SAS Institute, Inc, Cary, NC), 

using a threshold of P < .05 for significance.

RESULTS

A total of 253,182 patients treated at 1324 hospitals for pathologic stage I or II NSCLC 

from 2010 to 2015 were identified in the NCDB. The majority of our cohort was White 

(88.0%), and older than age 65 years (69.6%) (Table 2). Most patients had either Medicare 

(68.7%) or private insurance (23.1%), with a small minority having Medicaid (6.5%) or no 

insurance (1.6%). Only 15.6% of patients had 2 or more comorbidities. Patient and hospital 

characteristics by adherence to each measure is reported in Table E2.

Eighty-two percent of patients lived in a metropolitan area, and approximately half of all 

patients (50.8%) traveled more than 10 miles to their treating hospital. Only 4.1% of patients 

were treated at hospitals in the lowest quartile of lung cancer volume, whereas 60.6% were 

treated at hospitals in the highest volume quartile (Figure E1). The majority of treating 

hospitals (82.8%) were nonacademic medical centers (Table 2).

Patient-Level Adherence

Overall patient-level adherence with the listed measures was high (Table 3). Adherence was 

highest for measures related to patient evaluation, with 93.0% of 235,642 patients treated 

for pathologic stage I and II NSCLC having documented clinical stage, and 99.0% of the 

120,937 patients undergoing lobectomy (or larger) having a tissue diagnosis. Patient-level 

adherence to each of 3 surgical measures assessed was also relatively high. Conversely, 

adherence to measures assessing various aspects of care coordination was significantly 

lower. Adjuvant chemotherapy was recommended for only 69.3% of 38,790 patients with 

pathologic stage II or higher disease and only 83.1% of the 49,373 patients who received 

primary radiotherapy had an attempted biopsy before therapy.

Hospital-Level Adherence

Examination of hospital-level performance identified significant variability in adherence 

across almost all measures (Figure 1). Adherence was above the 85% threshold used by the 

CoC in assessment of cancer programs for only 3 measures (2 evaluation and 1 surgical) 

(Table 3).

Factors Associated With Adherence

A hierarchical multivariable logistic regression model was constructed for each of the 

measures to identify predictors of adherence (Table 4). An evaluation of components of 

variance derived from the hierarchical regression models revealed that between-hospital 
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variation was responsible for differing degrees of total variation in measure adherence (Table 

E3). Notably, hospital factors were responsible for 14% of the variation in adherence to 

lymph node sampling, 12% for anatomic resection, and 26% for biopsy before radiation 

(Appendix E2).

Adherence to the lymph node sampling measure was less likely in hospitals with lower lung 

cancer volume (odds ratio [OR], 0.56; 95% confidence interval [CI], 0.48-0.66 for lowest vs 

highest quartile). In addition, treatment at multiple facilities, which may indicate treatment 

at a referral center, was associated with higher odds of adherence.

Similar trends were seen for anatomic resection of pathologic stage T1b or greater NSCLC. 

Decreased adherence was associated with low-volume centers (OR, 0.63; 95% CI, 0.53-0.75 

for lowest vs highest quartile). Treatment at multiple facilities was again associated with 

higher odds of adherence.

Some factors associated with improved adherence to surgical quality measures were 

conversely found to be negatively associated with the recommendation of adjuvant 

chemotherapy. For this measure, the lowest volume quartile was significantly associated 

with higher odds of adherence compared with the highest (OR, 1.19; 95% CI, 1.01-1.41). 

Academic institutions tended to have lower odds of adherence than non-academic (OR, 0.90; 

95% CI, 0.81-1.00). Patients traveling further for treatment had lower odds of adherence 

(OR, 0.83; 95% CI, 0.77-0.90 for >25 miles vs <5 miles). However, treatment at multiple 

facilities had higher odds of adherence (OR, 1.38; 95% CI, 1.29-1.47).

Factors associated with failure to confirm pathologic diagnosis before definitive 

radiotherapy mirrored those for the chemotherapy measure. Although there was a trend 

toward higher volume hospitals having lower odds of adherence, this did not reach the 

threshold for statistical significance (OR, 1.23; 95% CI, 0.95-1.59). Academic institutions 

again had lower odds of adherence (OR, 0.68; 95% CI, 0.56-0.83). Similar to the 

chemotherapy measure, a trend toward lower adherence was seen among patients who 

traveled farther for treatment, whereas treatment at multiple institutions was associated with 

higher odds of adherence (OR, 1.53; 95% CI, 1.41-1.65).

Sensitivity Analyses

Models predicting measure adherence including noncategorized continuous age, distance, 

and volume gave the same results with respect to significance and direction of associations 

(Table E4). To address potential for tumor size to bias decision making, a sensitivity analysis 

was performed to evaluate anatomic resection for tumors larger than 2 cm (in place of T1b 

tumors). In this group, adherence was only slightly higher at both the patient (89.2%) and 

hospital (73.6%) levels. Similarly, a 3-cm threshold resulted in higher patient-level (92.2%) 

adherence. However, at the hospital level, although adherence improved to 83.9% it still did 

not exceed the 85% threshold commonly used in quality assessment.

A further evaluation of interaction effects between factors indicating a higher-risk patient 

population and institutional factors revealed no significant interactions for measure 
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adherence. These institutional factors all have independent effects on adherence that do 

not differ based on patient population.

Association of Adherence With Survival

On Cox proportional hazards modeling, adherence to measures 1, 3, 4, 5, and 6 were found 

to be significantly associated with survival in fully adjusted models (Table 5). Measure 7 

(biopsy before radiation) was just above the threshold for statistical significance (hazard 

ratio, 1.05; 95% CI, 1.00-1.10; P = .07).

DISCUSSION

Although previous studies have demonstrated variation in adherence to lung cancer quality 

measures, existing measures address only limited aspects of lung cancer care.9 To address 

this potential blind spot in cancer care, the ThORN collaborative developed a series of 

quality measures through a modified Delphi process.9 The goal of this exercise was to 

provide more specific and actionable targets for improvement in cancer care delivery. The 

ThORN measures thus represent a unique opportunity to examine processes of care delivery 

across the range of lung cancer care. Our study identified several quality gaps based on these 

measures and assessed the association of institutional factors with measure compliance.

We identified 4 measures with poor rates of compliance nationally: 2 surgical 

(lymphadenectomy and anatomic resection) and 2 coordination (adjuvant chemotherapy and 

biopsy before radiation) measures. Whereas all 4 had low adherence at the hospital-level, the 

coordination of care measures had the lowest adherence rates at both hospital and patient 

levels. This suggests that, nationally, the largest quality gaps exist in coordination of care 

outside the operating room.

When examining factors associated with adherence, institutional factors had differential 

effects based on the category of the measure. For example, there was a stepwise decrease in 

the odds of adherence for surgical care measures as hospital volume decreased. The odds of 

adherence also increased when patients were treated at more than one hospital. Conversely, 

for coordination of care measures, higher volume academic centers and longer distance 

traveled tended to have lower odds of adherence. Together, these results suggest that smaller, 

nonacademic hospitals have lower adherence to measures related to surgical care, whereas 

larger academic referral centers have lower adherence on coordination of care.

Multiple studies have demonstrated that lymph node sampling during resection is a key 

prognostic factor in NSCLC.17,18 However, rates of lymph node staging have repeatedly 

been shown to fall short of guidelines.19 Our group previously evaluated adherence to CoC 

quality measures and found that only 27.3% of cases had adequate (>10) lymph node 

sampling.5 Similarly, Samson and colleagues20 evaluated a quality measure recommending 

at least 10 lymph nodes sampled among 241,146 patients with clinical stage I NSCLC 

and found patient-level adherence to be 34.2% in 2013. Although our study examined any 

lymph node sampling and therefore had a higher adherence rate, predictors of adherence to 

both our and the CoC’s measures were resections performed in academic and high-volume 

centers. Samson and colleagues20 also found that academic and high-volume centers had 
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lower likelihood of performing anatomic resections. This differs from our analysis, where 

we found that academic and high-volume centers were more likely to perform anatomic 

resections in patients with tumors categorized at T1b or higher. This difference may be due 

to our refinement of the measure to include only T1b tumors, as opposed to all stage I 

NSCLC.

In an analysis of patients with pathologic stage Ib to IIIa NSCLC, Rajaram and colleagues6 

found that only 37.5% of patients received perioperative chemotherapy, and that patients 

treated at academic facilities were less likely to receive chemotherapy.6 Other studies have 

reported patient-level factors such as age and access to care that influence chemotherapy 

administration.21,22 Our findings demonstrate that hospital-level factors may contribute to 

this variation, with the combination of high-volume, academic centers and treatment at 

multiple facilities suggesting that patients treated at referral centers may be less likely to 

receive adjuvant chemotherapy.

We also found significant variability in the rates of biopsy confirmation of cancer before 

radiation treatment. Although there are no previous studies reporting on biopsy rates before 

radiation therapy, 1 group found that among 2566 patients with NSCLC, 18% had no 

biopsy before treatment.23 These results approximate our finding that 16.9% of patients who 

received primary radiotherapy did not have a biopsy. Higher likelihood for nonadherence 

was again associated with referral center characteristics.

A surprising result of our analysis is the finding that high-volume academic centers 

tended to have lower adherence to coordination of care measures. Although we are unable 

to determine the underlying cause from the available data, there are several plausible 

explanations. Academic centers frequently treat patients referred from other centers due to 

disease complexity or lack of appropriate resources locally. For many of these patients, 

postsurgical care reverts to the local institution. The greater difficulty in coordination 

of care for these patients across multiple institutions and disciplines may contribute to 

nonadherence. Treatment at multiple institutions also increases the potential that a patient 

may be lost to follow-up. These patients may have received adjuvant therapy at non-CoC 

facilities not captured in the NCDB, representing an additional blind spot. Further, academic 

centers may be more willing to empirically treat patients with primary radiotherapy based on 

experience, or tumor board discussions, which may not be captured in the dataset. Finally, 

although the quality measures were developed through an expert consensus process10 within 

the thoracic oncology community, there will inevitably be some warranted variation in 

practice, and hence measure adherence, because care is individualized to specific patients. 

Regardless of the underlying causes, these findings should draw attention to potentially 

important quality gaps as areas for further investigation at the institutional level.

The analysis of intraclass correlation and variance derived from the hierarchical regression 

models shows the degree of variability in adherence attributable to hospital-level effects. 

Adjusting for patient and hospital factors accounted for a fraction of the variability seen 

between hospitals; however, the majority is due to unmeasured factors. These results 

highlight the importance of institutional factors in influencing adherence, and the need to 

further investigate hospital factors not included in the NCDB.
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We found that adherence to most quality measures, with the exception of pathologic 

diagnosis before radiation, was significantly associated with survival. Of particular 

note, adherence to the surgical measures was associated with survival when adjusting 

for cancer pathologic stage and other patient factors. For these measures, the volume­

process relationship mirrored the surgical volume-outcome relationship suggested in the 

literature.24–26 On the other hand, the volume-process relationship for the chemotherapy 

measure was reversed in our data. We do not believe this undermines the volume–outcome 

relationship because the measures of surgical care may have a more dominant effect on 

survival; however, these findings highlight areas where high-volume centers can potentially 

further improve outcomes by addressing the process of care delivery.

Our study has limitations given the data source and study design. The NCDB is continually 

updated with the latest information each year, and establishing the chronology of events 

is not always possible. A key example of this is pathologic confirmation of diagnosis. 

Any patient who underwent a resection is expected to have pathologic examination of the 

resected specimen, which would prompt registrars to code that pathologic diagnosis had 

been confirmed, regardless of whether this was true before resection. These factors may lead 

to some misclassification of cases as adherent. Another limitation inherent to the use of any 

large database is the risk of unmeasured confounding. Although we have some information 

regarding hospital characteristics, not all structural factors can be captured. This also extends 

to provider characteristics, such as surgeon specialty. Because we have no information on 

referrals and other specific processes of care, we must infer these from information such 

as the treatment a patient ultimately received. Although this allows examination of some of 

the decision-making processes involved in a patient’s care, the picture remains incomplete. 

Finally, whereas the NCDB captures >80% of lung cancers diagnosed in the United States, 

it only contains data from CoC-designated facilities. It is possible that some patients may 

have been diagnosed at non-CoC facilities before referral to a CoC facility, in which case we 

would not have data from their initial hospital encounter.

CONCLUSIONS

Significant gaps exist in the delivery of quality lung cancer care in the United States (Figure 

2). These gaps vary at the institutional level, which may be the most effective level to target 

them for improvement. We found that the largest gaps at lower-volume nonacademic centers 

were in providing guideline-adherent surgical care. Conversely, high-volume, academic, and 

referral centers should seek to improve multidisciplinary coordination of care for these 

complex patients. There is no single type of quality institution that performs highly across 

all quality measures. Effective quality improvement requires deep assessment of institutional 

structures and processes that facilitate or impede the delivery of care in the context of where 

it is provided. Future work should focus on understanding the underlying drivers of this 

unwanted variation, enabling the development of contextually appropriate interventions to 

improve the quality of lung cancer care across institutions.
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CENTRAL MESSAGE

Significant gaps in the delivery of lung cancer care continue to exist in the United States. 

Hospital infrastructure and volume may influence the delivery of appropriate lung cancer 

care.
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PERSPECTIVE

Significant gaps in the delivery of lung cancer care continue to exist. These differ by 

structural factors at the hospital level. Our findings suggest different specific deficiencies 

for small nonacademic hospitals and large academic centers, highlighting the need 

for targeted quality improvement efforts that account for the unique characteristics of 

hospital environments.
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Discussion Presenter: Dr Rhami Khorfan

Dr Haiquan S. Chen (Shanghai, China). Thank you for this interesting study. I 

have several questions regarding this study. As you mentioned, high-volume academic 

hospitals had higher adherence for the surgical care measured, but according to your 

results, the low-volume and nonacademic hospitals did better in the coordination of 

care measures. This surprised me. Large centers should do better in multidisciplinary 

treatment treatment because they always have more advanced equipment and more 

expertise for the treatment. It seems to go the opposite way, so which reason do you 

think caused this problem?
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Dr Rhami Khorfan (Chicago, Ill). That’s a very good question. I agree; the results 

were surprising at first to me as well. There are a few possible reasons why we see 

that that trend in academic centers. One possibility is that a lot of patients might travel 

somewhere for their surgery and then have their adjuvant treatment at a local facility. The 

possibilities there are potential loss to follow-up—maybe the patient doesn’t actually get 

their adjuvant therapy. Another possibility, and it’s a limitation of the database, if they 

have their adjuvant therapy at a facility that doesn’t report to the National Cancer Data 

Base, then we won’t have that information.

Otherwise, like you said, academic and high-volume centers have more expertise and 

more experience in dealing with these patients. For example, for the radiation measure, 

there may be a group of radiation oncologists that are more comfortable treating 

with stereotactic body radiation therapy without a biopsy in a patient that has a high 

likelihood of cancer, or a high pretest probability. But if that’s the case, I think that’s a 

conversation that needs to be had, because these measures were developed from an expert 

consensus process that included all specialists, not just surgeons. So, these are things 

that the thoracic oncologic community has deemed important. So, if there is a subset of 

practitioners that practice in a different way, then I think that’s a conversation that needs 

to be had about the measures and about the way these patients should be treated.

Dr Chen. My second question is: The health providers in large-volume academic centers 

tend to adhere to the guidelines. So, do you think that’s because there is something 

wrong with our guidelines, and guidelines are renewed as time passes and things change. 

Because of the results of several recent studies, the number of early-stage lung cancer 

patient presenting as ground-glass opacity (GGO) on the computed tomography scan is 
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increasingly enormously in both Western and Eastern society. We also found that mixed 

GGO should be identified a new subtype. Because the patients presenting as mixed 

GGOs have different characteristics and survival outcomes. So, as an academic center, 

they should take the responsibility to not only follow the guidelines, but also of creating 

the new guidelines based on the new evidence. Do you think health care providers should 

be more adherent to the guidelines, or is time for the guidelines to be revised?

Dr Khorfan. Indeed, as I said, these measures were very recently developed. In my 

opinion, they do represent kind of what the thoracic oncologic community thinks is 

important, and they are reflected by the evidence. So, if there’s a discrepancy in the way 

certain centers are treating patients, then it could be a reason to revisit the measures 

and the guidelines and update them. But, like I said, our study was to point out this 

variation at the national level and understanding the underlying reasons for this variation 

is impossible from just the National Cancer Center Data Base. We probably need to look 

at either institutional studies or qualitative or mixed-methods studies to try to understand 

why there’s this variation in practice.

Dr Chen. Guidelines are evidence-based and the major evidence is always the survival 

outcome of cancer patients. Do you do any analysis on the influence on survival 

outcomes for the surgical matters? Coordination of care matters, will this matter 

significantly affect patient survival outcomes?

Dr Khorfan. Yes. That’s an excellent point. Here we’re looking just at the processes, 

and we didn’t look at outcomes in this specific study, but that’s certainly something that’s 

important and kind of the next step. I think the previously established volume-outcome 

relationship that we’re all aware of, mostly is focused on surgical measures, things 

like lymph node harvest and extent of resection, we know these things are associated 

with outcomes, and in our study, the volume–process relationship matches that volume–

outcome relationship that is well established.

Whereas for the coordination-of-care measures, the volume-process relationship seems 

to go in the opposite way, but we don’t really know the effect those measures have on 

outcomes yet, and it’s possible that the surgical measures just have a much higher bearing 

on outcomes, and that’s why we see that volume–outcome relationship.

Dr Chen. Thank you for your excellent presentation.

Dr Khorfan. Thank you very much.

Dr Benjamin Kozower (St Louis, Mo). It’s interesting that when you looked at your 

quartiles, you decided the high-volume group—top 25%—was about 45 lung cancer 

resections a year. Given that the American Association for Thoracic Surgery meeting is 

in Toronto this year, it’s important to note that their volume standard per Cancer Care 

Ontario 150 lung resections. So, we’re an order of magnitude off of what they’re doing 

here in Ontario. I think your point about trying to make your next study to determine 

the association between these process measures and long-term outcomes like survival is 

going to be critical.
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As we know, in clinical databases such as the Society of Thoracic Surgeons Adult 

Cardiac Database, which also at this meeting was heavily criticized, if you do a 

wedge resection with a positive margin and no nodes, and the patient goes home on 

postoperative day 1, that could be considered a success in the current registry if the 

patient goes home on postoperative day 1 without any complications. So, we need to do 

better. Do you have any thoughts about that?

Dr Khorfan. I think that, for example, the clinical scenario you brought up was kind 

of among the reasons for developing these quality measures that were a little bit more 

clinically relevant, and not just driven by either the data itself or by other societies. Like 

you said, I think that the outcome relationship is still unknown and that’s the next step in 

evaluating these measures.

Dr Todd L. Demmy (Buffalo, NY). Some of your outcome measurements relate to 

documentation. Documentation for us, is many times coordinated or driven by the 

electronic health record. It seems to me to be a big opportunity here when an organization 

comes up with things to be implemented. Do you have specific recommendations on 

where that should be built into health records, and what would be the optimal load point 

for doing these last-minute checks—is it on your postoperative note? I don’t think we’ve 

driven down to that level of detail, but that’s really what the software providers, or the 

hospital administrators would really need to ask: What is the most optimal time to get 

a high percentage of capture for these things? So, the question is going forward, can 

you think of a way of getting best practices for helping to take these health care records 

that control our work lives and actually make them function better for us to get better 

guideline compliance?
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Dr Khorfan. That’s an excellent question. Unfortunately, I don’t have a solution to solve 

the problems of the electronic medical record, but that’s definitely a concern. All of these 

measures that we have from the National Cancer Data Base are reliant on documentation. 

So, I think that’s part of the reason why we term those last two measures coordination 

of care, because they really are an issue of continuity of care and communication. Like 

the example I gave of patients being treated at a referral center for their surgery and then 

going elsewhere for their adjuvant therapy. A patient could kind of fall through the cracks 

there just based on an error or miscommunication or an errant documentation. So, I think 

that’s a really big problem and I’m not sure at this point what the best solution for that is, 

unfortunately.

Dr Felix G. Fernandez (Atlanta, Ga). Just as a final closing comment, this is now 

1 of several studies from the National Cancer Database and other registries that do 

demonstrate that there is variability across the country in adherence to quality metrics 

however we choose to define them. Really the next step we need to take is to 

implement measures to increase adherence to these metrics, however we define them. 

True variability does exist, as you’ve defined.
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FIGURE 1. 
Distribution of hospital-level adherence to Thoracic Surgery Outcomes Research Network 

quality measures for stage I and II non–small cell lung cancer. Box-and-whiskers plots 

depicting median, interquartile range, and outliers of hospital-level adherence to each quality 

measure. The whiskers extend to ±1.5 times the interquartile range. Hospital-level adherence 

refers to the percentage of patients in a given hospital that were adherent to the measure. 

Any hospital with at least 1 eligible case for each measure is included, with each point 

representing a single hospital. Eligible hospitals for each measure, respectively: n = 1324, n 

= 1309, n = 1311, n = 1305, n = 1310, n = 1279, and n = 1255.
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FIGURE 2. 
In this national evaluation of adherence to quality measures for early-stage non–small cell 

lung cancer, significant quality gaps were found in various domains. Adherence below an 

85% threshold was seen for 2 surgical and 2 coordination of care measures, shown in 

red. Hospital-level differences are responsible for a significant proportion of the variability 

in adherence. American Joint Committee on Cancer 7th edition staging was used for this 

analysis.13
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TABLE 2.

Overall patient and hospital characteristics

Characteristic n (%)

Patient (N = 253,182)

 Age (y)

  18-55 21,413 (8.5)

  56-65 55,712 (22.0)

  66-75 97,126 (38.4)

  >75 78,931 (31.2)

 Race

  White 221,484 (88.0)

  Black 23,083 (9.2)

  Other 7050 (2.8)

 Sex

  Male 122,685 (48.5)

  Female 130,497 (51.5)

 Charlson comorbidity score

  0 133,167 (52.6)

  1 80,484 (31.8)

  2 28,884 (11.4)

  ≥3 10,647 (4.2)

 Insurance status

  Medicare 171,281 (68.7)

  Uninsured 4024 (1.6)

  Private 57,651 (23.1)

  Medicaid 16,261 (6.5)

 Cancer stage

  I 185,161 (73.1)

  II 68,021 (26.9)

 Treatment at multiple facilities

  No 212,109 (83.8)

  Yes 41,073 (16.2)

 Distance traveled to hospital (miles)

  <5 72,339 (28.6)

  5-10 52,223 (20.6)

  >10 128,620 (50.8)

 Yearly volume (quartile*)

  1 10,392 (4.1)

  2 29,664 (11.7)

  3 60,319 (23.8)

  4 152,807 (60.4)

 Institution type
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Characteristic n (%)

  Community 162,468 (64.3)

  Academic 90,136 (35.7)

 Geographic location

  South Atlantic 57,853 (22.9)

  North Atlantic 55,742 (22.1)

  Central 88,231 (34.9)

  Mountain/Pacific 50,778 (20.1)

 Metropolitan area

  Nonmetro 44,171 (17.9)

  Metro 202,651 (82.1)

Hospital (n = 1324)

 Yearly volume (quartile*)

  1 354 (26.7)

  2 324 (24.5)

  3 326 (24.6)

  4 320 (24.2)

 Institution type

  Community 1096 (82.8)

  Academic 228 (17.2)

 Geographic location

  South Atlantic 274 (20.7)

  North Atlantic 266 (20.1)

  Central 452 (34.1)

  Mountain/Pacific 332 (25.1)

*
Quartiles were 1 (1-10), 2 (11-23), 3 (22-44), and 4 (≥45).

J Thorac Cardiovasc Surg. Author manuscript; available in PMC 2022 September 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Khorfan et al. Page 24

TA
B

L
E

 3
.

Pa
tie

nt
- 

an
d 

ho
sp

ita
l-

le
ve

l a
dh

er
en

ce
 to

 T
ho

ra
ci

c 
Su

rg
er

y 
O

ut
co

m
es

 R
es

ea
rc

h 
N

et
w

or
k 

qu
al

ity
 m

ea
su

re
s

P
at

ie
nt

-l
ev

el
H

os
pi

ta
l-

le
ve

l

M
ea

su
re

 N
o.

M
ea

su
re

M
ea

su
re

-a
dh

er
en

t
P

at
ie

nt
s 

el
ig

ib
le

M
ea

su
re

-a
dh

er
en

t
H

os
pi

ta
ls

 
el

ig
ib

le

1
If

 a
 p

at
ie

nt
 h

as
 k

no
w

n/
su

sp
ec

te
d 

no
n–

sm
al

l c
el

l l
un

g 
ca

nc
er

, c
lin

ic
al

 A
m

er
ic

an
 J

oi
nt

 C
om

m
itt

ee
 o

n 
C

an
ce

r 
st

ag
e 

sh
ou

ld
 b

e 
do

cu
m

en
te

d 
be

fo
re

 in
iti

at
io

n 
of

 tr
ea

tm
en

t
21

9,
18

1 
(9

3.
0)

23
5,

64
2

11
64

 (
87

.9
)

13
24

2
If

 a
 p

at
ie

nt
 u

nd
er

go
es

 lo
be

ct
om

y 
or

 la
rg

er
 r

es
ec

tio
n,

 p
re

- 
or

 in
tr

ao
pe

ra
tiv

e 
tis

su
e 

di
ag

no
si

s 
sh

ou
ld

 
be

 c
on

fi
rm

ed
 o

r 
re

as
on

s 
fo

r 
no

t a
ch

ie
vi

ng
 d

oc
um

en
te

d
11

9,
75

7 
(9

9.
0)

12
0,

93
7

12
92

 (
98

.7
)

13
09

3
If

 a
 r

es
ec

tio
n 

is
 p

er
fo

rm
ed

, t
he

re
 s

ho
ul

d 
be

 a
n 

at
te

m
pt

 a
t l

ym
ph

 n
od

e 
sa

m
pl

in
g

14
0,

85
2 

(9
0.

5)
15

5,
56

5
99

6 
(7

6.
0)

13
11

4
If

 a
 p

at
ie

nt
 u

nd
er

go
es

 r
es

ec
tio

n 
fo

r 
st

ag
e 

T
1b

 o
r 

gr
ea

te
r 

tu
m

or
, a

n 
an

at
om

ic
 p

ul
m

on
ar

y 
re

se
ct

io
n 

sh
ou

ld
 b

e 
pe

rf
or

m
ed

68
,5

73
 (

88
.6

)
77

,3
87

90
6 

(6
9.

4)
13

05

5
If

 s
ur

gi
ca

l r
es

ec
tio

n 
is

 p
er

fo
rm

ed
, a

n 
R

0 
re

se
ct

io
n 

sh
ou

ld
 b

e 
ac

hi
ev

ed
14

8,
08

5 
(9

6.
2)

15
3,

97
6

12
59

 (
96

.1
)

13
10

6
If

 a
 p

at
ie

nt
 h

as
 p

at
ho

lo
gi

c 
st

ag
e 

II
 o

r 
hi

gh
er

, c
he

m
ot

he
ra

py
 s

ho
ul

d 
be

 r
ec

om
m

en
de

d 
or

 r
ea

so
n 

fo
r 

no
 r

ec
om

m
en

da
tio

n 
do

cu
m

en
te

d
26

,8
98

 (
69

.3
)

38
,7

90
29

7 
(2

3.
2)

12
79

7
If

 a
 p

at
ie

nt
 r

ec
ei

ve
s 

ra
di

at
io

n 
th

er
ap

y 
to

 th
e 

lu
ng

 (
ex

cl
ud

in
g 

ad
ju

va
nt

 r
ad

ia
tio

n)
, t

he
n 

pa
th

ol
og

ic
 

di
ag

no
si

s 
sh

ou
ld

 b
e 

co
nf

ir
m

ed
 o

r 
at

te
m

pt
ed

 b
ef

or
e 

tr
ea

tm
en

t
41

,0
31

 (
83

.1
)

49
,3

73
80

8 
(6

4.
4)

12
55

V
al

ue
s 

ar
e 

pr
es

en
te

d 
as

 n
 (

%
) 

or
 n

. N
um

be
r 

of
 p

at
ie

nt
s 

el
ig

ib
le

 r
ef

le
ct

s 
th

e 
nu

m
be

r 
of

 p
at

ie
nt

s 
in

 a
ny

 h
os

pi
ta

l n
at

io
na

lly
 w

ho
 m

et
 in

cl
us

io
n 

cr
ite

ri
a 

fo
r 

th
at

 s
pe

ci
fi

c 
m

ea
su

re
. A

 h
os

pi
ta

l w
as

 e
lig

ib
le

 f
or

 
th

e 
ho

sp
ita

l-
le

ve
l a

na
ly

si
s 

if
 a

t l
ea

st
 1

 p
at

ie
nt

 tr
ea

te
d 

at
 th

at
 h

os
pi

ta
l m

et
 in

cl
us

io
n 

cr
ite

ri
a 

fo
r 

a 
sp

ec
if

ic
 m

ea
su

re
. T

ot
al

 c
oh

or
t: 

N
 =

 2
53

,1
82

 p
at

ie
nt

s 
an

d 
N

 =
 1

32
4 

ho
sp

ita
ls

. A
m

er
ic

an
 J

oi
nt

 C
om

m
itt

ee
 o

n 

C
an

ce
r 

se
ve

nt
h 

ed
iti

on
 s

ta
gi

ng
 w

as
 u

se
d 

(T
1b

 =
 tu

m
or

s 
2-

3 
cm

).
13

J Thorac Cardiovasc Surg. Author manuscript; available in PMC 2022 September 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Khorfan et al. Page 25

TA
B

L
E

 4
.

Fa
ct

or
s 

as
so

ci
at

ed
 w

ith
 a

dh
er

en
ce

 to
 T

ho
ra

ci
c 

Su
rg

er
y 

O
ut

co
m

es
 R

es
ea

rc
h 

N
et

w
or

k 
qu

al
ity

 m
ea

su
re

s 
fo

r 
st

ag
e 

I 
an

d 
II

 n
on

–s
m

al
l c

el
l l

un
g 

ca
nc

er

M
ea

su
re

 1
: 

C
lin

ic
al

 s
ta

ge
 d

oc
um

en
te

d
M

ea
su

re
 2

: 
C

on
fi

rm
 p

at
ho

lo
gi

c 
di

ag
no

si
s

M
ea

su
re

 3
: 

L
ym

ph
 n

od
e 

sa
m

pl
in

g
M

ea
su

re
 4

: 
A

na
to

m
ic

 r
es

ec
ti

on
 fo

r 
T

1b

F
ac

to
r

O
R

 (
95

%
 C

I)
P

 v
al

ue
O

R
 (

95
%

 C
I)

P
 v

al
ue

O
R

 (
95

%
 C

I)
P

 v
al

ue
O

R
 (

95
%

 C
I)

P
 v

al
ue

A
ve

ra
ge

 y
ea

rl
y 

vo
lu

m
e 

(q
ua

rt
ile

* )
.0

1
<

.0
1

<
.0

1
<

.0
1

 
1

1.
46

 (
1.

13
-1

.8
8)

0.
44

 (
0.

30
-0

.6
5)

0.
56

 (
0.

48
-0

.6
6)

0.
63

 (
0.

53
-0

.7
5)

 
2

1.
12

 (
0.

89
-1

.3
9)

0.
79

 (
0.

57
-1

.0
9)

0.
70

 (
0.

62
-0

.8
0)

0.
81

 (
0.

71
-0

.9
3)

 
3

0.
99

 (
0.

80
-1

.2
1)

0.
97

 (
0.

72
-1

.3
0)

0.
77

 (
0.

68
-0

.8
7)

0.
87

 (
0.

77
-0

.9
9)

 
4

R
ef

R
ef

R
ef

R
ef

A
ca

de
m

ic
 h

os
pi

ta
l

0.
66

 (
0.

54
-0

.8
1)

<
.0

1
1.

03
 (

0.
76

-1
.3

8)
.8

7
1.

05
 (

0.
92

-1
.1

9)
.4

8
0.

94
 (

0.
83

-1
.0

6)
.3

2

D
is

ta
nc

e 
tr

av
el

ed
 to

 h
os

pi
ta

l 
(m

i)
<

.0
1

<
.0

1
.7

9
.6

6

 
<

5
R

ef
R

ef
R

ef
R

ef

 
5-

10
0.

91
 (

0.
87

-0
.9

6)
1.

20
 (

1.
01

-1
.4

3)
1.

00
 (

0.
95

-1
.0

6)
0.

97
 (

0.
90

-1
.0

4)

 
11

-2
5

0.
85

 (
0.

81
-0

.9
0)

1.
35

 (
1.

14
-1

.6
0)

1.
01

 (
0.

96
-1

.0
7)

1.
01

 (
0.

94
-1

.0
8)

 
>

25
0.

75
 (

0.
71

-0
.8

0)
1.

67
 (

1.
34

-2
.0

8)
0.

98
 (

0.
92

-1
.0

4)
0.

98
 (

0.
90

-1
.0

7)

T
re

at
m

en
t a

t m
ul

tip
le

 f
ac

ili
tie

s
1.

12
 (

1.
06

-1
.1

7)
<

.0
1

0.
67

 (
0.

58
-0

.7
8)

<
.0

1
1.

53
 (

1.
44

-1
.6

1)
<

.0
1

1.
17

 (
1.

10
-1

.2
5)

<
.0

1

C
ou

nt
y 

ty
pe

.0
7

.3
1

.9
5

.4
2

 
N

on
m

et
ro

0.
94

 (
0.

89
-1

.0
1)

0.
89

 (
0.

72
-1

.1
1)

1.
00

 (
0.

94
-1

.0
7)

0.
97

 (
0.

89
-1

.0
5)

 
M

et
ro

R
ef

R
ef

R
ef

R
ef

G
eo

gr
ap

hi
c 

lo
ca

tio
n

<
.0

1
.3

2
<

.0
1

<
.0

1

 
So

ut
h 

A
tla

nt
ic

0.
63

 (
0.

51
-0

.7
8)

0.
97

 (
0.

71
-1

.3
3)

0.
80

 (
0.

71
-0

.9
1)

0.
77

 (
0.

68
-0

.8
8)

 
N

or
th

 A
tla

nt
ic

0.
65

 (
0.

52
-0

.8
1)

1.
23

 (
0.

90
-1

.6
8)

1.
04

 (
0.

91
-1

.1
9)

1.
04

 (
0.

91
-1

.1
8)

 
C

en
tr

al
R

ef
R

ef
R

ef
R

ef

 
M

ou
nt

ai
n/

Pa
ci

fi
c

0.
49

 (
0.

40
-0

.5
9)

1.
23

 (
0.

91
-1

.6
7)

0.
94

 (
0.

83
-1

.0
6)

1.
14

 (
1.

00
-1

.2
9)

Fe
m

al
e 

se
x

0.
97

 (
0.

94
-1

.0
1)

.1
3

1.
13

 (
1.

00
-1

.2
7)

.0
6

0.
95

 (
0.

92
-0

.9
9)

.0
1

0.
94

 (
0.

90
-0

.9
9)

.0
1

A
ge

 (
y)

<
.0

1
.5

8
<

.0
1

<
.0

1

J Thorac Cardiovasc Surg. Author manuscript; available in PMC 2022 September 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Khorfan et al. Page 26

M
ea

su
re

 1
: 

C
lin

ic
al

 s
ta

ge
 d

oc
um

en
te

d
M

ea
su

re
 2

: 
C

on
fi

rm
 p

at
ho

lo
gi

c 
di

ag
no

si
s

M
ea

su
re

 3
: 

L
ym

ph
 n

od
e 

sa
m

pl
in

g
M

ea
su

re
 4

: 
A

na
to

m
ic

 r
es

ec
ti

on
 fo

r 
T

1b

F
ac

to
r

O
R

 (
95

%
 C

I)
P

 v
al

ue
O

R
 (

95
%

 C
I)

P
 v

al
ue

O
R

 (
95

%
 C

I)
P

 v
al

ue
O

R
 (

95
%

 C
I)

P
 v

al
ue

 
18

-5
5

0.
81

 (
0.

76
-0

.8
7)

0.
92

 (
0.

73
-1

.1
5)

1.
29

 (
1.

20
-1

.4
0)

1.
60

 (
1.

44
-1

.7
8)

 
56

-6
5

0.
97

 (
0.

92
-1

.0
2)

0.
98

 (
0.

82
-1

.1
7)

1.
09

 (
1.

03
-1

.1
5)

1.
20

 (
1.

12
-1

.2
9)

 
66

-7
5

R
ef

R
ef

R
ef

R
ef

 
>

75
1.

45
 (

1.
39

-1
.5

2)
0.

90
 (

0.
77

-1
.0

6)
0.

75
 (

0.
72

-0
.7

8)
0.

69
 (

0.
66

-0
.7

3)

R
ac

e
<

.0
1

<
.0

1
<

.0
1

<
.0

1

 
W

hi
te

R
ef

R
ef

R
ef

R
ef

 
B

la
ck

1.
13

 (
1.

06
-1

.2
1)

0.
69

 (
0.

57
-0

.8
4)

0.
96

 (
0.

90
-1

.0
3)

0.
98

 (
0.

90
-1

.0
8)

 
O

th
er

0.
93

 (
0.

84
-1

.0
3)

1.
35

 (
0.

89
-2

.0
6)

1.
36

 (
1.

21
-1

.5
4)

1.
45

 (
1.

23
-1

.7
0)

In
su

ra
nc

e
<

.0
1

.0
4

<
.0

1
<

.0
1

 
U

ni
ns

ur
ed

1.
13

 (
0.

97
-1

.3
0)

0.
67

 (
0.

44
-1

.0
1)

1.
06

 (
0.

90
-1

.2
4)

0.
94

 (
0.

77
-1

.1
4)

 
Pr

iv
at

e
0.

92
 (

0.
88

-0
.9

7)
0.

88
 (

0.
74

-1
.0

5)
1.

19
 (

1.
13

-1
.2

6)
1.

20
 (

1.
12

-1
.2

9)

 
M

ed
ic

ai
d

1.
21

 (
1.

12
-1

.3
1)

0.
73

 (
0.

57
-0

.9
4)

1.
01

 (
0.

92
-1

.1
0)

0.
95

 (
0.

85
-1

.0
6)

 
M

ed
ic

ar
e

R
ef

R
ef

R
ef

R
ef

C
ha

rl
so

n 
co

m
or

bi
di

ty
 s

co
re

<
.0

1
.0

1
<

.0
1

<
.0

1

 
0

R
ef

R
ef

R
ef

R
ef

 
1

1.
00

 (
0.

96
-1

.0
4)

1.
26

 (
1.

09
-1

.4
5)

0.
87

 (
0.

84
-0

.9
1)

0.
82

 (
0.

77
-0

.8
6)

 
2

1.
11

 (
1.

05
-1

.1
8)

1.
05

 (
0.

86
-1

.2
9)

0.
81

 (
0.

76
-0

.8
5)

0.
70

 (
0.

65
-0

.7
5)

 
≥3

1.
34

 (
1.

21
-1

.4
8)

0.
98

 (
0.

71
-1

.3
6)

0.
70

 (
0.

64
-0

.7
7)

0.
60

 (
0.

53
-0

.6
7)

M
ea

su
re

 5
: 

R
0 

re
se

ct
io

n 
ac

hi
ev

ed
M

ea
su

re
 6

: 
C

he
m

ot
he

ra
py

 fo
r 

st
ag

e 
II

M
ea

su
re

 7
: 

B
io

ps
y 

be
fo

re
 r

ad
ia

ti
on

O
R

 (
95

%
 C

I)
P

 v
al

ue
O

R
 (

95
%

 C
I)

P
 v

al
ue

O
R

 (
95

%
 C

I)
P

 v
al

ue

Y
ea

rl
y 

vo
lu

m
e 

(q
ua

rt
ile

* )
<

.0
1

.1
8

.1
5

 
1

0.
75

 (
0.

63
-0

.8
9)

1.
19

 (
1.

01
-1

.4
1)

1.
23

 (
0.

95
-1

.5
9)

 
2

0.
78

 (
0.

69
-0

.8
8)

1.
09

 (
0.

96
-1

.2
3)

1.
00

 (
0.

81
-1

.2
4)

 
3

0.
90

 (
0.

81
-1

.0
0)

1.
03

 (
0.

93
-1

.1
5)

1.
19

 (
0.

98
-1

.4
6)

 
4

R
ef

R
ef

R
ef

A
ca

de
m

ic
 h

os
pi

ta
l

1.
09

 (
0.

98
-1

.2
1)

.1
2

0.
90

 (
0.

81
-1

.0
0)

.0
6

0.
68

 (
0.

56
-0

.8
3)

.0
1

J Thorac Cardiovasc Surg. Author manuscript; available in PMC 2022 September 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Khorfan et al. Page 27

M
ea

su
re

 1
: 

C
lin

ic
al

 s
ta

ge
 d

oc
um

en
te

d
M

ea
su

re
 2

: 
C

on
fi

rm
 p

at
ho

lo
gi

c 
di

ag
no

si
s

M
ea

su
re

 3
: 

L
ym

ph
 n

od
e 

sa
m

pl
in

g
M

ea
su

re
 4

: 
A

na
to

m
ic

 r
es

ec
ti

on
 fo

r 
T

1b

F
ac

to
r

O
R

 (
95

%
 C

I)
P

 v
al

ue
O

R
 (

95
%

 C
I)

P
 v

al
ue

O
R

 (
95

%
 C

I)
P

 v
al

ue
O

R
 (

95
%

 C
I)

P
 v

al
ue

D
is

ta
nc

e 
tr

av
el

ed
 to

 h
os

pi
ta

l 
(m

i)
.0

9
<

.0
1

.0
1

 
<

5
R

ef
R

ef
R

ef

 
5-

10
1.

02
 (

0.
94

-1
.1

0)
1.

00
 (

0.
93

-1
.0

8)
1.

07
 (

0.
99

-1
.1

6)

 
11

-2
5

1.
08

 (
1.

00
-1

.1
6)

1.
00

 (
0.

93
-1

.0
7)

1.
04

 (
0.

97
-1

.1
3)

 
>

25
1.

11
 (

1.
01

-1
.2

2)
0.

83
 (

0.
77

-0
.9

0)
0.

92
 (

0.
84

-1
.0

1)

T
re

at
m

en
t a

t m
ul

tip
le

 f
ac

ili
tie

s
0.

74
 (

0.
69

-0
.7

9)
<

.0
1

1.
38

 (
1.

29
-1

.4
7)

<
.0

1
1.

53
 (

1.
41

-1
.6

5)
<

.0
1

C
ou

nt
y 

ty
pe

.0
1

.5
2

.5
3

 
N

on
m

et
ro

0.
89

 (
0.

81
-0

.9
7)

1.
03

 (
0.

95
-1

.1
1)

1.
03

 (
0.

94
-1

.1
3)

 
M

et
ro

R
ef

R
ef

R
ef

G
eo

gr
ap

hi
c 

lo
ca

tio
n

.0
1

<
.0

1
<

.0
1

 
So

ut
h 

A
tla

nt
ic

1.
14

 (
1.

01
-1

.2
8)

0.
92

 (
0.

81
-1

.0
3)

0.
58

 (
0.

47
-0

.7
2)

 
N

or
th

 A
tla

nt
ic

1.
12

 (
1.

00
-1

.2
6)

0.
76

 (
0.

67
-0

.8
5)

0.
88

 (
0.

71
-1

.0
9)

 
C

en
tr

al
R

ef
R

ef
R

ef

 
M

ou
nt

ai
n/

Pa
ci

fi
c

0.
94

 (
0.

84
-1

.0
5)

0.
65

 (
0.

58
-0

.7
3)

0.
60

 (
0.

50
-0

.7
4)

Fe
m

al
e 

se
x

1.
28

 (
1.

22
-1

.3
6)

<
.0

1
1.

03
 (

0.
99

-1
.0

8)
.1

8
1.

01
 (

0.
96

-1
.0

7)
.6

5

A
ge

 (
y)

<
.0

1
<

.0
1

.0
1

 
18

-5
5

0.
89

 (
0.

80
-0

.9
9)

1.
73

 (
1.

56
-1

.9
1)

0.
98

 (
0.

84
-1

.1
5)

 
56

-6
5

0.
97

 (
0.

89
-1

.0
5)

1.
35

 (
1.

26
-1

.4
5)

1.
06

 (
0.

97
-1

.1
6)

 
66

-7
5

R
ef

R
ef

R
ef

 
>

75
0.

85
 (

0.
79

-0
.9

1)
0.

48
 (

0.
45

-0
.5

1)
1.

10
 (

1.
04

-1
.1

7)

R
ac

e
.3

5
.5

6
<

.0
1

 
W

hi
te

R
ef

R
ef

R
ef

 
B

la
ck

0.
95

 (
0.

86
-1

.0
5)

1.
05

 (
0.

96
-1

.1
5)

1.
18

 (
1.

07
-1

.3
1)

 
O

th
er

1.
08

 (
0.

91
-1

.2
9)

1.
01

 (
0.

87
-1

.1
6)

1.
02

 (
0.

84
-1

.2
5)

In
su

ra
nc

e
.1

5
<

.0
1

.0
3

 
U

ni
ns

ur
ed

0.
89

 (
0.

73
-1

.1
0)

1.
03

 (
0.

86
-1

.2
4)

1.
18

 (
0.

89
-1

.5
6)

J Thorac Cardiovasc Surg. Author manuscript; available in PMC 2022 September 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Khorfan et al. Page 28

M
ea

su
re

 1
: 

C
lin

ic
al

 s
ta

ge
 d

oc
um

en
te

d
M

ea
su

re
 2

: 
C

on
fi

rm
 p

at
ho

lo
gi

c 
di

ag
no

si
s

M
ea

su
re

 3
: 

L
ym

ph
 n

od
e 

sa
m

pl
in

g
M

ea
su

re
 4

: 
A

na
to

m
ic

 r
es

ec
ti

on
 fo

r 
T

1b

F
ac

to
r

O
R

 (
95

%
 C

I)
P

 v
al

ue
O

R
 (

95
%

 C
I)

P
 v

al
ue

O
R

 (
95

%
 C

I)
P

 v
al

ue
O

R
 (

95
%

 C
I)

P
 v

al
ue

 
Pr

iv
at

e
1.

05
 (

0.
97

-1
.1

3)
1.

30
 (

1.
21

-1
.3

9)
1.

04
 (

0.
95

-1
.1

4)

 
M

ed
ic

ai
d

0.
94

 (
0.

83
-1

.0
6)

1.
07

 (
0.

96
-1

.2
0)

0.
88

 (
0.

79
-0

.9
8)

 
M

ed
ic

ar
e

R
ef

R
ef

R
ef

C
ha

rl
so

n 
co

m
or

bi
di

ty
 s

co
re

<
.0

1
<

.0
1

<
.0

1

 
0

R
ef

R
ef

R
ef

 
1

0.
90

 (
0.

84
-0

.9
5)

0.
96

 (
0.

91
-1

.0
1)

<
.0

1
1.

05
 (

0.
98

-1
.1

2)

 
2

0.
85

 (
0.

78
-0

.9
2)

0.
89

 (
0.

83
-0

.9
7)

1.
14

 (
1.

04
-1

.2
4)

 
≥3

0.
88

 (
0.

76
-1

.0
1)

0.
82

 (
0.

72
-0

.9
4)

1.
24

 (
1.

09
-1

.4
2)

R
es

ul
ts

 d
er

iv
ed

 f
ro

m
 h

ie
ra

rc
hi

ca
l m

ul
tiv

ar
ia

bl
e 

lo
gi

st
ic

 r
eg

re
ss

io
n 

m
od

el
s 

w
ith

 h
os

pi
ta

l-
le

ve
l r

an
do

m
 in

te
rc

ep
ts

, w
ith

 a
dh

er
en

ce
 to

 e
ac

h 
m

ea
su

re
 a

s 
th

e 
ou

tc
om

e.
 A

ll 
pr

ed
ic

to
rs

 r
ep

or
te

d 
w

er
e 

de
te

rm
in

ed
 a

 
pr

io
ri

 to
 b

e 
cl

in
ic

al
ly

 r
el

ev
an

t a
nd

 in
cl

ud
ed

 in
 th

e 
m

od
el

s.
 T

he
 to

ta
l N

 f
or

 e
ac

h 
m

od
el

 w
as

 e
qu

al
 to

 a
ll 

of
 th

e 
pa

tie
nt

s 
el

ig
ib

le
 f

or
 th

at
 p

ar
tic

ul
ar

 m
ea

su
re

. S
pe

ci
fi

ca
lly

: M
ea

su
re

 1
 in

cl
ud

ed
 2

35
,6

42
 p

at
ie

nt
s 

fr
om

 1
32

4 
ho

sp
ita

ls
, M

ea
su

re
 2

 in
cl

ud
ed

 1
20

,9
37

 p
at

ie
nt

s 
fr

om
 1

30
9 

ho
sp

ita
ls

, M
ea

su
re

 3
 in

cl
ud

ed
 1

55
,5

65
 p

at
ie

nt
s 

fr
om

 1
31

1 
ho

sp
ita

ls
, M

ea
su

re
 4

 in
cl

ud
ed

 7
7,

38
7 

pa
tie

nt
s 

fr
om

 1
30

5 
ho

sp
ita

ls
, M

ea
su

re
 

5 
in

cl
ud

ed
 1

53
,9

76
 p

at
ie

nt
s 

fr
om

 1
31

0 
ho

sp
ita

ls
, M

ea
su

re
 6

 in
cl

ud
ed

 3
8,

79
0 

pa
tie

nt
s 

fr
om

 1
27

9 
ho

sp
ita

ls
, a

nd
 M

ea
su

re
 7

 in
cl

ud
ed

 4
9,

37
3 

pa
tie

nt
s 

fr
om

 1
25

5 
ho

sp
ita

ls
. A

m
er

ic
an

 J
oi

nt
 C

om
m

itt
ee

 o
n 

C
an

ce
r 

se
ve

nt
h 

ed
iti

on
 s

ta
gi

ng
 w

as
 u

se
d.

13
 O

R
, O

dd
s 

ra
tio

; C
I, 

co
nf

id
en

ce
 in

te
rv

al
; R

ef
, r

ef
er

en
ce

 le
ve

l.

* Q
ua

rt
ile

s 
w

er
e 

1 
(1

-1
0)

, 2
 (

11
-2

3)
, 3

 (
22

-4
4)

, a
nd

 4
 (

≥4
5)

.

J Thorac Cardiovasc Surg. Author manuscript; available in PMC 2022 September 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Khorfan et al. Page 29

TABLE 5.

Association of measure adherence with survival on adjusted Cox proportional hazards modeling

Measure Hazard ratio (95% CI) P value

Measure 1: Clinical stage documented 1.46 (1.40-1.53) <.01

Measure 2: Confirm pathologic diagnosis 0.90 (0.81-1.02) .09

Measure 3: Lymph node sampling 0.65 (0.63-0.68) <.01

Measure 4: Anatomic resection for T1b 0.69 (0.66-0.72) <.01

Measure 5: R0 resection achieved 0.56 (0.54-0.59) <.01

Measure 6: Chemotherapy for stage II 0.77 (0.74-0.80) <.01

Measure 7: Biopsy before radiation 1.05 (1.00-1.10) .07

Each measure was evaluated with a separate regression model, using patient-level adherence to that specific measure as the primary exposure. All 
models were fully adjusted for patient age, sex, race, insurance status, Charlson comorbidity score, cancer stage, treatment at multiple facilities, 
distance traveled to treating facility, geographic location, metropolitan area, academic institution, and average annual hospital lung cancer volume. 

American Joint Committee on Cancer seventh edition staging was used.13 CI, Confidence interval.
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