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Abstract

Background—The National Comprehensive Cancer Network (NCCN) surgical resection 

guidelines for non-small-cell lung cancer (NSCLC) recommend anatomic resection, negative 

margins, examination of hilar/intrapulmonary lymph nodes, and examination of 3 or more 

mediastinal nodal stations. We examined the survival impact of these guidelines.

Methods—Population-based observational study using patient-level data from all curative-intent 

NSCLC resections from 2004–2013 at 11 institutions in 4 contiguous Dartmouth Hospital Referral 

Regions in 3 US states. We used an adjusted Cox proportional hazards model to assess the overall 

survival impact of attaining NCCN guidelines.

Results—Of 2,429 eligible resections,91% were anatomic, 94% had negative margins, 51% 

sampled hilar nodes, and 26% examined three or more mediastinal nodal stations. Only 17% of 

resections met all four criteria, however there was a significant increasing trend from 2% in 2004 

to 39% in 2013 (p<0.001). Compared to patients whose surgery missed one or more parameters, 

the hazard ratio for patients whose surgery met all four criteria was 0.71 (95% confidence interval: 

0.59–0.86, p<0.001). Margin status and the nodal staging parameters were most strongly linked 

with survival.

Conclusions—Attainment of NCCN surgical quality guidelines was low, but improving, over 

the past decade in this cohort from a high lung cancer mortality region of the US. The NCCN 
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quality criteria, especially the nodal examination criteria, were strongly associated with survival. 

The quality of nodal examination should be a focus of quality improvement in NSCLC care.

Provider- and institutional-level disparities in patient survival after curative-intent lung 

cancer surgery suggest the existence of potentially correctable gaps in the quality of surgical 

care [1–6]. Such gaps affect short-term outcomes, such as postoperative mortality and 

hospital readmission rates [7,8]. Gaps in the oncologic quality of resection may be more 

difficult to measure because of their delayed manifestation [9]. Such gaps exist in the quality 

of pathologic nodal staging and rates of resection with positive margins [10–13].

Quality improvement requires validated, survival-impactful benchmarks. The National 

Comprehensive Cancer Network (NCCN) has established principles of surgical therapy 

which can be condensed into a composite benchmark consisting of a recommendation for 

anatomic resection, negative margins, hilar and intrapulmonary lymph node examination, 

and examination of 3 or more mediastinal lymph node stations [14].

We examined the rate of attainment, and the survival impact, of these quality parameters in a 

diverse population-based cohort.

PATIENTS AND METHODS

Study design and participants

The Mid-South Quality of Surgical Resection (MS-QSR) database—With the 

approval of the Institutional Review Boards of all participating hospitals, we conducted a 

population-based observational study of all curative-intent non-small cell lung cancer 

(NSCLC) resections in 11 hospitals within 4 contiguous Dartmouth Hospital Referral 

Regions in North Mississippi, East Arkansas, and West Tennessee. Eligible hospitals had 5 

or more annual lung cancer resections. We identified patients who had undergone NSCLC 

resection from institutional records. Trained data abstractors conducted a structured retrieval 

of demographic and clinical information from clinical records of eligible patients.

Current study cohort—The current report includes data on resections in 7 metropolitan 

Memphis hospitals from 2004 to 2008 (the early era), and resections in 11 hospitals in the 

tristate region (including Metropolitan Memphis) from 2009 to 2013 (the recent era). We 

hierarchically excluded patients with small cell lung cancer, previous lung cancer, 

neoadjuvant therapy, and no information on the extent of resection.

Survival outcomes—Patients’ vital status and date of death were obtained from hospital 

and state tumor registries. Vital statistics were updated up to April 1, 2015, on which date 

vital status was censored for patients alive or with no death information. The cause of death 

was not available, precluding cause-specific survival analysis.

NCCN parameters and assumptions

We distilled the NCCN surgical resection principles into 4 parameters: anatomic resection 

(segmentectomy, or greater); negative margins; examination of the hilar lymph node station; 

and resection of 3 or more mediastinal lymph node stations. We examined the rate of 
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attainment of each of these preferred quality parameters individually, and in combination, 

and also examined their relationship to survival. Lymph nodes retrieved during pre-operative 

invasive staging tests, such as mediastinoscopy, were also recorded and included in the 

analysis of lymph node stations retrieved during the curative resection.

Covariables

Analysis variables included demographic information such as age, race, sex, and insurance 

status, and clinical information including comorbid conditions used in the Charlson score. A 

surgical quality improvement intervention with a lymph node specimen collection kit was 

introduced in some institutions during the recent era [15]. The kit is described in the 

Supplemental Material. All information entered into the MS-QSR database is systematically 

cross-audited.

Statistical analysis plan

We used descriptive analysis to summarize patient characteristics, analyzed NCCN criteria 

attainment rates according to patient characteristics, and tested for differences with the chi-

squared test. We used Kaplan-Meier survival curves to visually display the survival patterns 

associated with the four criteria individually and cumulatively. Statistical tests were based on 

the multivariable Cox proportional hazards model. All criteria were entered individually and 

together to assess the relative impact on survival. Postoperative chemotherapy use was also 

examined in the Cox model, as chemotherapy may be appropriate for some patients after 

surgery. The proportional hazards assumption for NCCN criteria was assessed visually 

through log-log survival curves and statistically through the interaction with time in the Cox 

model.

We analyzed data in the whole population, and in subsets restricted to stage I and II patients, 

non-kit cases, and patients with surgery in the more recent era (as some database 

information was more complete during the recent era). We performed additional analyses 

stratifying pN0 non-kit cases by T-category, and the whole cohort by surgical technique. 

Finally, we repeated the whole analysis after excluding patients who died within 30 days of 

surgery. Results were similar. All statistical analyses were performed in SAS 9.4 (2013, SAS 

Institute Inc., Cary NC).

RESULTS

Cohort characteristics

The analytic cohort of 2429 patients consists of 37% from the early era, 2004 – 2008, and 

63% from the recent era, 2009 – 2013 (Table 1). These operations were performed by 43 

board-certified cardiothoracic surgeons and 4 board-certified general surgeons. The mean 

cohort age was 67 years, 79% were white and 21% black. From 2009 on, most patients 

(79%) had one or more major comorbidity, had a preoperative PET/CT scan (80%), and no 

preoperative invasive staging procedure (85%). Data on preoperative staging procedures was 

not systematically collected in the early era and therefore not reported.
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The surgical resection technique was minimally invasive in 23% of cases. A lymph node 

specimen collection kit, introduced in 2011 for intraoperative collection of hilar and 

mediastinal lymph nodes, was used in 25% of cases performed from 2011 onward. Most 

patients had early-stage disease: pathologic (p) T1 or T2 (85%), pN0 (70%), and stage I or II 

(85%). However, 9% of patients had resection without nodal examination (pNX). A median 

of 6 lymph nodes were examined (interquartile range [IQR], 3–11), including a median of 2 

mediastinal nodes (IQR, 0–5).

Attainment of surgical resection quality parameters

Approximately 91% of resections were anatomic, 94% had negative margins, 51% had at 

least one hilar lymph node, and 26% had three or more mediastinal nodal stations examined. 

Although all but 4 (<1%) resections met at least one NCCN criterion, only 17% met all four 

criteria (Table 2). Pathologic nodal staging was the major quality deficit, especially 

mediastinal staging.

Several factors were significantly associated with the likelihood of attaining all four criteria. 

Resections performed in the recent era (2009–2013) were more likely to attain the four 

criteria (Figure 1a–e). The rate of attainment of all four criteria increased from 2% in 2004 

to 15% in 2009 to 39% in 2013 (p<0.001). Additionally, patients who had a PET/CT scan, 

pT1, T2, or T3 tumors (compared to T4) and pN2 were more likely to have surgery meeting 

all four criteria. Finally, robotically-assisted resections and those using a surgical specimen 

collection kit were significantly more likely to attain all four NCCN criteria (Table 2).

Survival impact of NCCN quality criteria

Without accounting for demographic and clinical characteristics, the extent of resection and 

the examination of three or more mediastinal stations were not associated with improved 

survival (Figure 2a and 2d,). However, resections with negative margins and examination of 

hilar lymph nodes were each individually associated with significantly better survival 

(Figure 2b and 2c). Resections in which all four criteria were attained had significantly 

better survival than those in which one or more of the individual criteria were not achieved 

(Figures 3a and 3b).

In the multivariable analysis (Table 3) for the entire population, adjusting for period, age, 

sex, race, insurance, pathologic stage, histology, grade, and surgical technique, anatomic 

resections were associated with a hazard ratio (HR) of 0.81 (95% confidence interval [CI]: 

0.67–0.99, p=0.035) and attainment of all four criteria was associated with an HR of 0.71 

(CI: 0.59–0.86, p=0.0004). With further adjustment for extent of resection, resection with 

negative margins was associated with an HR of 0.74 (CI:0.59–0.93, p=0.01), hilar lymph 

node examination was associated with an HR of 0.84 (CI:0.74–0.96, p=0.008), and 

examination of three or more mediastinal stations was associated with an HR of 0.83 (CI:

0.72–0.97, p=0.018). In the presence of all criteria in the model, resections with negative 

margins and hilar stations sampled were associated with lower hazard ratios (HR: 0.74, CI: 

0.59–0.94, p=0.012 and HR: 0.86, CI: 0.76–0.98, p=0.019, respectively).

The pattern of low hazard ratios associated with criteria attainment was similar for 

resections with hilar stations sampled, three or more mediastinal stations sampled, and when 
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all four criteria were met in analysis restricted to stage I and II (Table 3). We found similar 

patterns when we restricted the analysis to non-kit cases (Supplemental Table 1), the 2009–

2013 era (Supplemental Table 2), pN0 non-kit cases stratified for pathologic T-category 

(Supplemental Table 3a,b), the whole cohort excluding patients who died within 30 days 

(Supplemental Table 4), a cohort from the largest healthcare system only (Supplemental 

Table 5) and the whole cohort stratified by surgical technique (data not shown).

COMMENT

Multiple reports indicate the existence of major lung cancer care and outcome disparities [1–

13]. In Donabedian’s construct of 3 quality improvement domains - structures, processes, 

and outcomes - process measures are the most readily susceptible to intervention [16]. 

However, process measures must be linked to meaningful outcomes, such as survival [17]. 

Such linkages raise the political will for disseminating improved processes. Multiple 

recommendations defining good-quality surgical resection have been proposed [14,18–20]. 

The NCCN guidelines are influential to multiple oncology disciplines [14]. Their survival 

impact needs validation.

Only 17% of resections in this regional cohort met all four components of the composite 

NCCN surgical guidelines. Lymph node examination was the most frequent quality defect, 

with 49% of resections failing to examine the hilar station and 74% failing to examine three 

or more mediastinal nodal stations. The use of anatomic resection had the least, and 

resection with negative margins had the greatest, individual survival impact. The nodal 

staging parameters were intermediate, especially in patients with stage I and II (Table 3). 

The risk of death was reduced by 29% in the cohort of patients whose resection achieved all 

four parameters.

The evidence for lobectomy as the preferred extent of resection has been questioned, ever 

since the Lung Cancer Study Group’s lobectomy vs sub-lobar resection trial report in 1995 

[21]. The soundness of non-anatomic resection for patients with relatively small tumors, 

vulnerable patients such as the elderly and those with limited lung function, and patients 

with certain low-risk histologic variants, although still disputed, is supported by 

observational data [22–28].

The immensely negative survival impact of incomplete resection is clearly established [29]. 

The clinical importance of examining the hilar lymph node station is indicated by its 

inclusion in definitions of optimal staging [18,30]. However, some guidelines, such as those 

of the American Joint Committee on Cancer, and the Commission on Cancer of the 

American Cancer Society, have not specifically emphasized the need to examine the hilar 

nodal station [20,31]. Nevertheless, hilar nodal metastasis connotes a worse prognosis than 

involvement of more peripheral N1 nodal stations only [32]. We emphasized this particular 

station because its retrieval completely depends on surgical processes.

Multiple reports have shown that the quality of mediastinal nodal staging is generally poor, 

with major negative implications for patients [10–12]. The definition of the minimum 

required quality of mediastinal nodal staging remains open to debate [30]. 
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Recommendations include lobe-specific directives, systematic sampling or mediastinal 

lymph node dissection, and examination of a certain minimum number of nodal stations or 

lymph nodes [14,18–20,31]. We have not compared the various existing recommendations 

for mediastinal nodal examination.

Despite our use of statistical methods to account for them, this study has all the limitations 

of retrospective analyses, including potential confounding by missing data, misclassification 

bias, unrelated secular changes in postoperative management and survival, the inclusion of 

different institutions with plausibly different practice patterns and different points of data 

entry, and the lack of causal inference.

Our findings provide justification for using the NCCN criteria for benchmarking quality. 

Future work should examine if these criteria can distinguish between high- and low-

achieving surgeons and institutions, and how low-achieving surgeons and institutions can 

use this feedback to improve their performance.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
National Comprehensive Cancer Network lung cancer resection quality criteria attainment 

by year: a) anatomic resection; b) negative margins; c) hilar lymph node examination; d) 

examination of 3 or more mediastinal lymph node stations; e) all four criteria.
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Figure 2. 
Survival impact of attaining National Comprehensive Cancer Network resection quality 

criteria: a) anatomic resection; b) negative margins; c) hilar node examination; d) three or 

more mediastinal stations.
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Figure 3. 
Survival impact of attaining National Comprehensive Cancer Network lung cancer resection 

quality criteria stratified by: a) the number of criteria met; b) whether, or not, all four criteria 

were met.
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Table 1

patient characteristics

Characteristics No. (%)

Total 2.429 (100)

Period

 2004–2008 892 (36.7)

 2009–2013 1537 (63.3)

Age (mean/SD) 66.9 (9.7)

Age group

 <65 881 (36.3)

 65 – 74 1000 (41.2)

 75 – 84 516 (21.2)

 >=85 32 (1.3)

Sex

 Male 1266 (52.1)

 Female 1163 (47.9)

Race

 White 1912 (78.7)

 Black 497 (20.5)

 Other 20 (0.8)

Insurance

 Medicare only 1207 (49.7)

 Medicaid 293 (12.1)

 Commercial insurance/supplement 835 (34.4)

 Self-pay/no insurance 94 (3.9)

Chest CT *

 Yes 1,419 (92.3)

 No/missing 118 (7.7)

PET-CT*

 Yes 1,223 (79.6)

 No 314 (20.4)

Invasive staging exam*

 Yes 231 (15.0)

 No 1306 (85.0)

Pathologic T classification

 T1 1122 (46.2)

 T2 949 (39.1)

 T3 256 (10.5)

 T4 88 (3.6)

 Tx 14 (0.6)

Pathologic N classification

 N0 1687 (69.5)
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Characteristics No. (%)

 N1 316 (13.0)

 N2 199 (8.2)

 NX 227 (9.3)

Pathologic stage

 I 1581 (65.1)

 II 480 (19.8)

 III 316 (13)

 IV 39 (1.6)

 Unknown 13 (0.5)

Total Lymph nodes examined pre- and post-operative: median (IQR) 6 (3, 11)

Number of mediastinal lymph nodes examined: median (IQR) 2 (0, 5)

Number of mediastinal lymph node stations sampled: median (IQR) 1 (0, 2)

Histology

 Adenocarcinoma 1285 (52.9)

 Squamous cell 842 (34.7)

 Adenosquamous 68 (2.8)

 Large cell 111 (4.6)

 Other 123 (5.1)

Grade

 Well differentiated 259 (10.7)

 Moderately differentiated 1037 (42.7)

 Poorly differentiated 732 (30.1)

 Undifferentiated 52 (2.1)

 Not reported 349 (14.4)

Extent of Resection

 Pneumonectomy 192 (7.9)

 Bilobectomy 152 (6.3)

 Lobectomy 1782 (73.4)

 Segmentectomy 72 (3.0)

 Wedge 231 (9.5)

Surgical Technique

 Open 1861 (76.7)

 Robotically-assisted 226 (9.3)

 Video-assisted 340 (14)

Surgical kit use (2011 – 2013)

 Yes 233 (25.4)

 No 684 (74.6)

Postoperative chemotherapy*

 Yes 235 (15.3)

 No 1297 (84.7)

Number of comorbidities*

 0 319 (20.8)
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Characteristics No. (%)

 1 603 (39.2)

 2 376 (24.5)

 3 155 (10.1)

 4 + 84 (5.5)

Mortality Rates

 30 days 109 (4.5)

 60 days 163 (6.7)

 90 days 203 (8.4)

*
recent era (2009–2013); IQR=interquartile range
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