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Abstract

Objectives—To determine whether there is an overall survival (OS) benefit to the addition of 

thoracic radiation therapy (RT) following R0 resection of pathologic (p) T1 or pT2 N0 M0 small 

cell lung cancer.

Methods—Using the National Cancer Database, we performed a retrospective cohort analysis. 

Patients who underwent R0 resection for pT1 or p2 N0 M0 small cell lung cancer, stratified by 

receipt of adjuvant thoracic RT, were compared on the basis of OS using hierarchical Cox 

Proportional hazards models.

Results—Of 4969 patients diagnosed with pT1or pT2 N0 M0 SCLC from 2004 to 2014, 1617 

(33%) underwent R0 resection of their primary tumor; of these resected patients, 146 (9.0%) had 

adjuvant thoracic RT. In unadjusted analysis, there was no significant difference in OS between 

groups (median survival: surgery alone, 62.2 months vs surgery+RT, 43.8 months; P = .1436). In 

multivariable analysis, RT was not associated with improved survival (P = .099). There was no 

significant difference in unadjusted or adjusted survival associated with receipt of RT in both a 

young and healthy cohort (P = .647 for unadjusted and P = .858 for adjusted) and a matched 
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cohort (P = .867 and P = .954). In the matched cohort, improved OS was associated with younger 

patient age (adjusted hazard ratio, 1.07; 95% confidence interval, 1.04–1.10; P < .001), female sex 

(adjusted hazard ratio, 0.68, 95% confidence interval, 0.47–0.97; P = .035), and smaller tumors 

(adjusted hazard ratio, 1.02; 95% confidence interval, 1.01–1.03; P = .005). Having 2 or more 

comorbidities was associated with worse OS (adjusted hazard ratio, 2.16; 95% confidence interval, 

1.21–3.86; P = .009).

Conclusions—Although complete resection was accomplished in a minority of patients, for 

these patients, survival was good. The addition of thoracic RT to complete resection does not 

appear to confer additional survival benefit.
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Lung cancer is the leading cause of cancer-related death in the United States with small cell 

lung cancer (SCLC) representing 13% of these diagnoses.1 This disease is characterized by 

early distant metastases and high response rate to chemoradiation therapy. Despite these 

early favorable responses, there is a near universal relapse rate, leading to an overall 5-year 

survival of <7% for all stages combined.2 The incidence of SCLC in the United States has 

decreased in recent years, mirroring the decline in tobacco use nationwide. However, there 

are still an estimated 31,000 cases annually.2

Until 1973, all lung cancer was treated with surgical resection where possible. That 

treatment paradigm changed when Fox and colleagues3 published a clinical trial comparing 

surgery to radiation therapy for SCLC. That practice-changing article created the perception 

of SCLC as a nonsurgical disease. Since that time, pretreatment staging has become more 

accurate thanks to the introduction of positron emission tomography and advanced tissue 

procurement procedures (eg, navigational bronchoscopy and endobronchial ultrasound). 

Additionally, the development of video-assisted thoracic surgery has reduced the morbidity 

of thoracic resections. Current guidelines recommend surgical resection, preferably 

lobectomy, for patients found to have localized, node-negative SCLC (T1 or T2 N0 M0) 

after thorough evaluation for distant metastasis as well as invasive staging of the 

mediastinum to exclude nodal disease. Level I evidence in support of these guidelines is 

lacking4; however, several large database studies have suggested that there may be a survival 

benefit to surgical resection.5–10

Although there is increasing evidence to support surgical resection for localized SCLC, the 

role of adjuvant radiation therapy (RT) for completely resected (R0), node-negative (N0) 

cancers after resection is unclear due to limited data. We sought to determine whether there 

is an overall survival (OS) benefit to the addition of thoracic RT following complete 

resection of pathologic (p) T1 or pT2 N0 M0 SCLC.

METHODS

We performed a retrospective cohort analysis of patients with early stage SCLC after 

complete resection to determine the effect on OS of adjuvant thoracic RT.
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Data Source and Variables

Data were obtained from the National Cancer Database (NCDB), a joint project of the 

American College of Surgeons and American Cancer Society. The largest cancer registry in 

the world, the NCDB is estimated to capture approximately 70% of all new cancer diagnoses 

in the United States and Puerto Rico, including 82% of lung cancer diagnoses.11 Data are 

collected by certified tumor registrars who undergo extensive training and are audited to 

ensure accuracy of the database. Hospital and patient identity are protected and not included 

in the Participant Use File (PUF). Data released in the PUF are in compliance with the 

privacy requirements of the Health Information Portability and Accountability Act. The data 

used in the study are derived from a de-identified NCDB file. The American College of 

Surgeons and the Commission on Cancer (CoC) have not verified and are not responsible for 

the analytic or statistical methodology employed, or the conclusions drawn from these data 

by the investigators. The institutional review board at Northwestern University determined 

this study was exempt as it uses publicly available de-identified data.

Treatment components were entered into the model as dichotomized variables for adjuvant 

thoracic RT and chemotherapy indicating that the patient either received or did not receive 

each therapy. Patients were considered to have undergone adjuvant thoracic RT if they 

received external beam radiation to the thorax after definitive surgery for the primary cancer 

site. Patients were considered to have undergone chemotherapy if they received single- or 

multiagent chemotherapy. Although there were many details available regarding 

chemotherapy regimens, for model parsimony, chemotherapy was included in the Cox 

proportional hazards models as a dichotomous variable. However, to increase the accuracy 

of matching, we further specified whether chemotherapy was neoadjuvant or adjuvant for 

the propensity score model. Adjuvant versus neoadjuvant status was determined based on 

relationship of the date of definitive surgery relative to the date that chemotherapy was 

initiated. Sex was dichotomized into male and female categories. Race and ethnicity were 

grouped into 4 categories, as defined by the CoC: non-Hispanic white, non-Hispanic black, 

Hispanic, and other. Data regarding race and ethnicity were abstracted from patient charts by 

NCDB abstractors; because each hospital may vary with regard to how patient race and 

ethnicity was entered into charts, it was not possible to determine whether these data were 

self-reported or not. Patients were grouped into quartiles for income based on census data 

for their Zip code, as defined by the CoC. We included income to adjust for social 

determinants of health, which have been shown to be associated with health states.12,13 A 

modified Charlson-Deyo comorbidity score was included as a categorical variable as defined 

by CoC: 0, 1, and ≤2. Facility characteristics were accounted for in the model with a variable 

representing volume and academic status. For this variable, high volume refers to hospitals 

in the top quartile for number of unique patients treated for SCLC, averaged over the study 

time period. Academic hospitals were defined by CoC as ≥500 newly diagnosed cancer 

types per year and offering graduate medical education programs in >4 disciplines. We 

included these facility characteristics because hospital structure factors have been shown to 

have an influence on surgical outcomes.14,15 Age (in years), year of diagnosis, tumor size (in 

millimeters), and distance to treating facility (in miles) were included as continuous 

variables. Surgery type was grouped into 3 categories: lobectomy (including sleeve 
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lobectomies and bilobectomies), sublobar or nonanatomic (includes segmentectomy and 

wedge resections), and pneumonectomy.

Population

We queried the NCDB PUF for patients diagnosed with pT1 or p2 N0 M0 SCLC between 

2004 and 2013 (N = 4969). We excluded patients who did not have a definitive operation for 

their primary tumor (n = 1400) (see Table E1 for a characterization of these patients); 

patients who received radiation either preoperatively (n = 40), intraoperatively (n = 16), or at 

an unknown time period (n = 95); patients who died within 30 days postoperatively because 

these deaths are likely treatment related and not cancer related (n = 51); patients for whom 

their SCLC diagnosis represents a second primary or metastatic disease (n = 1170); patients 

with incompletely resected primary tumors (R1 or R2) or unknown margins (n = 162), 

patients who were not treated or diagnosed at the reporting facility (n = 166), and patients 

who were missing follow-up data (n = 252). Only patients who received thoracic RT were 

considered to have undergone adjuvant local radiation. Thoracic RT is defined by the NCDB 

as RT directed at the region of the lung without nodal irradiation. Specifically, this definition 

excludes hilar, mediastinal, or supraclavicular nodes. Those who received radiation targeted 

elsewhere (eg, prophylactic cranial irradiation) were included in the surgery-only cohort 

(Figure 1).

Outcomes and Analysis

Separate Cox proportional hazards models were constructed for 3 different cohorts of 

patients with pT1 or pT2 N0 M0 SCLC after complete resection: all patients, only young 

(age <70 years) and healthy (Charlson-Deyo score = 0) patients, and a propensity score-

matched cohort of patients (all 3 included receipt of adjuvant radiation as the primary 

predictor of interest).

Our primary outcome of interest in each model was overall survival. The factors associated 

with OS were examined using 2 level hierarchical Cox proportional hazards models with 

treatment components; patient age, sex, and race/ethnicity; Charlson-Deyo score; year of 

diagnosis; income; facility location and characteristics; tumor size; distance to the hospital; 

and procedure performed included as fixed effects. In models 1 and 2, we accounted for 

clustering by including random intercepts for treating facility and in model 3, we accounted 

for clustering by including random intercepts for each pair.

Propensity Score Matching

We matched patients based on their propensity to have received adjuvant radiation. The 

propensity scores were estimated based on a logistic regression model, including the 

following variables determined a priori to be associated with the receipt of adjuvant RT: 

receipt of neoadjuvant or adjuvant chemotherapy, age, sex, race, comorbidities, year of 

diagnosis, income, facility location and characteristics, tumor size, distance to treating 

facility, and surgery type. Patients treated with and without adjuvant RT were matched using 

greedy matching based on the odds ratio of the propensity score using one-to-one matching, 

caliper distance of 0.1, with no replacements allowed. Differences between treatment groups 
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in the matched cohort were assessed using cluster-corrected χ2 or Wilcoxon rank-sum tests, 

where appropriate.

Sensitivity Analyses

We completed 2 sensitivity analyses. First, because we assessed the type of surgery 

performed as a potential independent variable, and because surgical approach may influence 

the number of lymph nodes harvested, we included a categorical variable for number of 

lymph nodes harvested. We categorized this variable into ≥10 (recommended), 5 to 9, 1 to 4, 

and 0 lymph nodes examined. We entered this variable into our Cox proportional hazards 

model with 0 lymph nodes as the referent category. Second, we chose the time point of 30 

days to address potential immortal time bias. To assess whether a different choice may have 

affected our results, we also examined 0 days and 90 days as potential landmarks.

Analyses were performed using Stata version 14 (StataCorp, College Station, Tex). 

Propensity matching was performed based on a user-written program module of Stata 

version 14 (PSMATCH2).

RESULTS

We identified 1617 patients who underwent complete resection for pT1 or pT2 N0 M0 

SCLC from 2004 to 2014; of these resected patients, 146 (9.0%) had adjuvant thoracic RT 

and 1417 (91.0%) did not have thoracic radiation. In unadjusted analysis (Figure 1, A), there 

was no significant difference in OS between groups (median survival, surgery alone 62.2 

months vs surgery and RT 43.8 months; P = .1436). In multivariable analysis (Table 1), RT 

was not associated with better survival (P = .099). In addition, increasing age, ≥2 comorbid 

conditions, sublobar resection (compared with lobectomy), and treatment at a high-volume 

academic center were associated with worse survival, whereas receipt of chemotherapy and 

black race were associated with improved survival. After limiting our sample to healthy 

young patients (Figure 2, B, and Table 2), there was still no significant difference in 

unadjusted (P = .647) or adjusted survival (P = .858) associated with receipt of RT. In this 

healthy young cohort, median OS for surgery-only patients was 87.5 months compared with 

120.8 for those who underwent surgery and RT (P = .8419).

To further reduce the risk of confounding bias, we created a propensity score-matched 

cohort (Table 3). After matching, there were no significant differences in baseline 

characteristics between patients treated with surgery alone and patients treated with adjuvant 

RT after surgery, indicating successful matching. Compared with our entire cohort, the 

matched cohort was younger, had an earlier date of diagnosis, and were more likely to have 

been treated with chemotherapy, RT, and a nonanatomic resection (Table E1). We found no 

significant association between adjuvant RT and OS in unadjusted (P = .867) or adjusted (P 
= .954) analysis between matched groups in a Cox proportional hazards model examining 

survival (Figure 1, C, and Table 4). Additionally, surgical approach was not associated with 

OS in the adjusted Cox proportional hazards model. However, in this matched cohort, 

increasing age (P < .001), having ≥2 comorbidities (P = .009), and increasing tumor size (P 
= .005) were associated with worse OS. Female sex was associated with improved OS (P 
= .035).
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We also completed 2 sensitivity analyses (Table E2). First, we examined the number of 

lymph nodes sampled. In our analytic cohort of 1617 patients, 125 patients were missing 

data regarding lymph node sampling. Of those who did have information regarding lymph 

node sampling, 29.6% of patients had the recommended 10 or more lymph nodes sampled. 

Approximately 44% of patients had no lymph node sampling done. In our fully adjusted 

matched cohort, number of lymph nodes examined was not significant (P = .994), but when 

it was included in the model, patient sex was no longer a significant factor (P = .062). 

Second, we tested 2 additional time points in our adjustment to address immortal time bias. 

For the 90-day cutpoint, we excluded an additional 32 patients from the matched cohort who 

had died between 30- and 90-days postoperatively. In multivariable Cox proportional 

hazards modeling, our results were qualitatively equivalent whether we set the time mark at 

90 days or 30 days. When we set the time mark at 0 days, the Kaplan-Meier curves cross and 

thus the assumption of proportional hazards was violated, indicating that Cox proportional 

hazards modeling was an inappropriate estimation for these data.

DISCUSSION

SCLC is an aggressive malignancy that is characterized by early lymphovascular invasion 

and dissemination to regional nodes and distant sites. When confined to the thorax, it has 

historically been treated with chemoradiation. However, more recent guidelines, supported 

by observational studies, suggest that surgical resection before or after chemotherapy can be 

curative for early stage, node-negative disease. We found that survival was good for those 

who did undergo surgery; additionally, there does not appear to be benefit (in terms of OS) 

to adjuvant RT after complete resection.

We present an analysis of those patients with SCLC who underwent complete resection. 

Because our cohort is based on pathologic staging and not clinical stage, we are unable to 

comment on the outcomes of potential surgical candidates who did not undergo resection. 

However, previous studies have suggested that surgery may be vastly underutilized: the rate 

of any surgical resection (R0, R1, or R2) varies from 20% to 30% of all patients with early 

stage disease.5,10 Although treatment guidelines do currently recommend surgery for early 

stage, node-negative disease, these findings suggest surgery was underutilized in this 

population most likely to have benefitted from resection. This may be due to a lack of high-

quality evidence supporting improved survival after surgery or to an absence of surgical 

input in the development of multidisciplinary treatment strategies for patients with SCLC. 

The randomized controlled trials that have compared surgery to nonsurgical treatment for 

SCLC are older than age 40 years and included heterogeneous patient populations, with 

node-positive patients comprising the majority of the surgical cohort in these early trials.3,16 

It is now more clearly understood that including these patients in the surgical cohort 

introduced an inherent bias against surgery in these trials.

More recently published large database analyses have been similarly limited by inadequate 

treatment data in the nonsurgical cohorts.17–19 One recent observational study addressed 

these concerns both by limiting their patient population to those most likely to benefit from 

surgical resection, and by only including nonsurgical patients treated with the maximum 

standard of care medical therapy.5 In this analysis, surgical resection was associated with a 
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significantly improved 5-year OS.5 Similarly, an analysis comparing OS between patients 

treated with surgery versus nonsurgical treatment found an advantage to surgical therapy for 

stages I, II, and IIIA disease; with the greatest benefit seen in stage I patients and those with 

T1 or T2 N0 tumors.10

Although these data may shed light on the debate between operative and nonoperative 

management for SCLC, the role (and value) of adjuvant RT following surgical resection has 

not been adequately addressed. In our analysis, adjuvant RT did not improve survival in 

patients who had undergone complete resection. Additionally, in our propensity score-

matched analysis, neither adjuvant nor neoadjuvant chemotherapy appeared to have an effect 

on OS. Similarly, an analysis of patient data from the Surveillance, Epidemiology, and End 

Results (SEER) program database found that the addition of RT to surgery had no significant 

effect on survival.7 An older study by Yu and colleagues20 also suggested that RT may not 

have a survival benefit. However, this study was limited by selection bias because the patient 

cohort included patients with positive margins. Another more recent analysis considered 

either chemotherapy or radiation as adjuvant therapy; in this study, the authors report an 

improved hazard ratio for patients treated with surgery and adjuvant therapy of any kind 

compared with surgery alone.10 Although Wakeam and colleagues21 reported that receipt of 

adjuvant mediastinal radiotherapy after sublobar resection for patients with node-negative 

disease was associated with improved survival, this was not statistically significant by log-

rank analysis. Similarly, we found no difference in survival between sublobar and lobar 

resection in our fully adjusted model. Lastly, Yang and colleagues22 reported a survival 

benefit for patients who received adjuvant chemotherapy with or without radiation compared 

with patients who underwent surgery alone based on results from a Cox proportional hazards 

model of unmatched patients. Similarly, we found a survival benefit associated with adjuvant 

or neoadjuvant chemotherapy in our unmatched cohort, but this benefit was not present in 

our young, healthy cohort nor in our matched cohort. However, because it was outside the 

scope of our study, we did not evaluate key features of the chemotherapy regimen used that 

may influence effectiveness (eg, timing, dosing, and agents used). As such, no conclusions 

regarding the utility of chemotherapy should be made without additional analyses that are 

outside the scope of this study of local therapy options.

Comparing our results from unadjusted comparisons to a fully adjusted model further 

supports the need to carefully correct for confounding variables when observational data are 

used. In our analysis of the entire cohort of patients without limiting for those who might 

lack confounding characteristics and therefore be eligible for a clinical trial (our young, 

healthy cohort) and without propensity score matching to attempt to create more balanced 

groups, we found that treatment at a high-volume academic center was associated with 

worse survival, whereas black race was associated with improved survival. Typically, high-

volume academic centers are associated with better outcomes and racial health disparities 

result in worse outcomes for African Americans across multiple disease entities. The finding 

that treatment at a high-volume center may be associated with worse outcomes was likely a 

result of referral bias, meaning that there was likely some unmeasured confounder 

influencing a physician’s decision to refer a patient to an academic center for more complex 

care. These findings did not persist in the young, healthy cohort nor did they persist in our 

propensity score-matched cohort. Obtaining this result on a minimally adjusted cohort 
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indicates that the association was likely attributable to confounding. Because this association 

was not statistically significant in our fully adjusted model our results indicate that we were 

able to address the unmeasured confounders in the NCDB through our propensity score-

matched analysis.

We performed a sensitivity analysis to assess the potential association between the number 

of lymph nodes sampled and overall survival. When nodal status was included in our fully 

adjusted propensity score-matched model, we did not find a significant association between 

number of nodes sampled and overall survival. This variable in the NCDB may be flawed 

because it did not account for the number of stations sampled and this variable is easily 

manipulated if, for example, a single node is removed in pieces and thus counted as multiple 

nodes. For this reason, we recommend against making conclusions regarding the importance 

of nodal sampling in SCLC resection based on our data.

Lastly, we found significantly improved survival for younger patients and those patients with 

smaller tumors in our matched analysis. These findings align with earlier analyses showing 

improved survival in younger patients and smaller tumors.5,7,22 Like our study, others have 

also found improved survival for female patients with lung cancer5,23–28 and for patients 

with lower comorbidity scores.5,22 Additionally, prior studies report improved survival for 

later year of diagnosis5,7 and after lobectomy (compared with nonanatomic resection).22

Our study does have some important limitations. First, data extracted from any database are 

subject to coding error. However, NCDB data are collected by trained and audited 

abstractors, improving reliability. Additionally, the data definitions are standardized. Thus, 

the effect of these differences is likely minimal. Second, all patients who were T1 or T2 N0 

M0, and thus eligible for surgery based on stage, were evaluated. Due to the limitations of 

the NCDB data fields, we are unable to make further judgments on a patient’s eligibility for 

surgical intervention. For example, no data for performance status or pulmonary function 

tests were available. Additionally, although the overall Charlson-Deyo score was available, 

more granular details about individual comorbidities were lacking. Third, because the 

NCDB only contains data from CoC-accredited hospitals, these data may be limited by 

selection bias. However, this file contains more than 80% of all lung cancer cases from 

hospitals that vary in type and size.11 Fourth, because CoC accreditation may change from 

year to year for individual facilities, the characteristics of the facilities represented in the 

database in 2004 may be substantially different from those in 2013. However, because of the 

large number and range of facilities and the small number of patients per facility in our 

matched analysis, it is unlikely that treatment bias on the individual facility level would 

substantially influence our findings. Fifth, we limited our analysis to OS because other 

oncologic outcomes are not captured in the NCDB. Future studies should collect data for 

these outcomes to allow further detailed analysis. Sixth, it could be that patients who 

received adjuvant RT against current guidelines were treated at facilities with low-quality 

outcomes, introducing potential bias against this cohort. However, previous studies have 

shown wide variation in practice even within a center, so this limitation is unlikely to have 

influenced our results.29 Additionally, we adjusted for patient clustering at the facility level 

in all our multivariable models. And lastly, for a database study, we have a relatively small 

sample size of patients. This limitation speaks to the underuse of surgical therapy for early 

Engelhardt et al. Page 8

J Thorac Cardiovasc Surg. Author manuscript; available in PMC 2020 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



stage SCLC. Although the focus of our study is not to define the utilization rates of surgery 

for SCLC, recent studies estimate only 30% of eligible patients receive definitive surgical 

treatment for their cancer.5,10,29–31

Although previous studies have shown that surgery is a vastly underutilized local treatment 

for node-negative SCLC, survival after complete resection was good in our cohort. The 

addition of thoracic RT to complete resection does not appear to confer a survival benefit for 

these patients. Our study provides strong evidence to support this treatment algorithm. 

Although a randomized controlled trial in the modern era might be valuable to confirm our 

findings, a randomized controlled trial has many costs and logistical concerns. Our findings 

support the concept that surgical resection is sufficient local therapy in pN0 patients, 

avoiding the expense and potential morbidity of thoracic RT. Multidisciplinary teams, 

including a surgeon, should discuss each patient’s candidacy for surgery and adjuvant RT 

before initiating these treatments.
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Discussion

Dr Stephen C. Yang (Baltimore, Md). Thank you, Drs Jones, Donington, and Engelhardt 

for a great presentation and a very well-written manuscript. My appreciation to you and your 

colleagues for your many years of work advocating continually for the role of surgery in 

limited stage small cell carcinoma. It’s probably unusual for the Association or any thoracic 

conference to have 2 presentations on small cell on the same day, so hopefully the audience 

will buy into this concept of aggressive resection.

Your presentation is another series of patients with small cell lung cancer from the National 

Cancer Database (NCBD) comparing the benefit, or lack thereof, of adjuvant radiation after 

complete resection. This simulates the work that was done a few years ago looking at the 

Surveillance, Epidemiology, and End Results Program of the National Cancer Institute 

database in 2 different articles.
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However, as you point out, your cohort numbers are small. If we do some number crunching, 

we estimate about 35,000 patients are diagnosed with small cell lung cancer annually with 

about 5% with limited stage disease, or about 1800 patients a year should be operated on. So 

your cohort across 10 years is only about 1600 patients, so about 10% of what we should be 

operating on; further evidence that surgery is underutilized.

My questions are as follows. Do you have an idea, which may be a limitation with the 

NCBD again, of the target area of the radiation? Was it to the mediastinum, was it to the 

cranium, was it to the tumor, was it to the staple line, or to all of the above?

Dr Kathryn E. Engelhardt (Chicago, Ill). The NCDB allows us to determine some general 

location of radiation. We excluded patients who underwent percutaneous coronary 

intervention who had radiation to their mediastinum. These are really just patients who had 

thoracic radiation.

Dr Yang. And so this may be related to the treatment bias. We have suggested that 

lobectomy for limited-stage small cell is the proper cancer operation. Any comment why 

30% did not get optimal surgical resection; that is, they had a sublobar resection? And even 

when you weed out the younger patients, that was only 25% who got lobectomies and no 

chemotherapy in 35%. So a significant number of patients did not get optimal therapy.

Dr Engelhardt. Yes, I agree. I think that’s an issue across all tumors that we are seeing. The 

presentation that was just given on mesothelioma points that out as well. There is obviously 

an issue with meeting guidelines across the nation with treatment of all different types of 

thoracic cancers, and all cancers in general.

I think that these studies that we do with the NCDB are really hypothesis-generating and 

allow us to point out where there may be concerns, and the next steps are really going to be 

drilling down and determining why those individual patients didn’t get the appropriate 

treatment. Was there some reason? Did the patient refuse? I’m not really sure what the 

answer is for each of those patients. But we are planning to initiate a qualitative study where 

we are going to try and talk with patients as well as providers to determine their thoughts 

and perspectives on guidelines and whether they follow them, why not, things like that.

Dr Yang. Well, we have already discussed the problems with the NCDB in getting 

appropriate data. I think a problem with the small cell cancer populations is that we don’t 

really know where the sites of recurrence are dependent on the treatment. So what database 

would you use to try to answer some of these other questions?

Dr Engelhardt. The NCDB was really designed as a quality improvement project, like 

American College of Surgeons National Surgical Quality Improvement Program and other, 
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similar databases. It does have long-term survival, unlike the National Surgical Quality 

Improvement Program, but the best database probably to look at oncologic outcomes would 

be Surveillance, Epidemiology, and End Results Program. So that would be a place to look 

to validate some of these findings.

Dr Yang. But they have already done that with Surveillance, Epidemiology, and End Results 

Program; everybody has moved from that database to NCDB now.

Finally, in your manuscript you noted that high-volume academic centers have an adverse 

effect on survival. Why do you think that is so?

Dr Engelhardt. We did find that in our first analysis where we looked at all eligible patients 

before we adjusted for anything. Also, I think that that is most likely a factor of referral bias 

where the more complicated patients are getting referred to high-volume academic centers. 

And after we selected out patients and after we propensity score matched them, we no 

longer saw that association, which indicates that we had some success in adjusting for 

selection bias.

Dr Yang. So, again, thank you and your colleagues for your excellent work in small cell 

lung cancer. And I know you are looking for a cardiothoracic residency fellowship, so any 

program would be extremely lucky to have you, and thank you to your mentors for getting 

you into our specialty. I want to thank the program committee for their kind invitation to 

discuss this work.

Dr Engelhardt. Thank you.

Dr Michael T. Jaklitsch (Boston, Mass). It came out quite nice in the discussion there with 

Steve, and I just want to highlight again, not all databases are the same. We are seeing a lot 

of abstracts in this particular program for the NCDB, and in my personal opinion, that’s the 

worst of them all. So Surveillance, Epidemiology, and End Results Program has real 

strengths, the Society of Thoracic Surgeons is the Cadillac of them all, the National Surgical 

Quality Improvement Program gives us a lot of information, but the NCDB has no quality 

assurance step at the level where they are getting these data.

So if you go out to these local community hospitals, they need to meet certain criteria in 

order to be accredited as an American College of Surgeons cancer program, but these 

community hospitals are frequently laying off the data analysts they used to have. So, for 

instance, the staging form has to be filled out by the surgeon who did the operation, and 

there is no quality assurance step to say whether he or she filled it out correctly. So if you 

have an update in your staging system and you have a general surgeon who did a lobe and 

doesn’t know the upstaging of the staging system, he’s going to stage maybe by the old 

system or maybe by his best guess.
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We have another community hospital where non–small cell lung cancer was being coded as 

large cell lung cancer. They had 80% of their cases were large cell lung cancers, the largest 

experience of large cell in the entire United States.

That’s what’s in the NCDB. We went to the NCDB to see if it was really true that the 

number of lymph nodes predict how long you live, and there are some people who are 

recording that they get 98 lymph nodes out of a wedge resection. I don’t know how you do 

that.

So there is no quality assurance piece to kick those out of the NCDB database, and I am 

concerned that so many abstracts we heard today are of NCDB data.

Dr Engelhardt. Well, I don’t represent the NCDB.

Unidentified Speaker. I also do not work for the NCDB, but I have used the NCDB, and I 

think the truth is somewhere in the middle. The NCDB does a wonderful job, actually, of 

having dedicated abstracters. And it is true that they do not do audits like the Society of 

Thoracic Surgeons does on 5% to 10% of cases, but these are trained abstracters. We just 

finished a Patient-Centered Outcomes Research Institute award where we worked with them 

online to abstract 10 patients per hospital who had lung cancer resection, and I think the 

quality of the data is actually quite high.

There are no perfect administrative data sets. The Society of Thoracic Surgeons, 

unfortunately, is not perfect either. And so I just wanted to say I do think that this is an 

excellent contribution, it’s very well done, so thank you.

Dr Engelhardt. I would just add that I agree that no database is perfect, and I think the most 

important thing to do is to validate our findings in multiple databases. Justin Dimick and his 

group at Michigan even showed that National Surgical Quality Improvement Program and 

administrative data sets don’t even overlap 50%. So I think that if we are able to find where 

those things do overlap and get down to some more accurate data, then we can make some 

real conclusions from these studies.

Dr Michael Lanuti (Boston, Mass). In an effort to make this the best that it could be, 

regardless of the idiosyncrasies of the NCDB, did your analysis include patients who 

received chemotherapy, because I didn’t see that in the data.

Dr Engelhardt. We did. Well, we didn’t focus on chemotherapy as a predictor for outcome. 

We did include patients with chemotherapy. We propensity score-matched patients whether 

they received neoadjuvant chemotherapy and also postoperative chemotherapy, and then we 

included chemotherapy as just a dichotomous yes/no variable in our Cox proportional 

hazards model.
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Dr Lanuti. So those 2 cohorts have mixed populations of patients who did and did not get 

chemotherapy?

Dr Engelhardt. Correct.

Dr Lanuti. A practice pattern at our institution is that if we do a resection for an N0 small 

cell lung cancer, we often give adjuvant chemotherapy and then have a debate about 

adjuvant percutaneous coronary intervention. Your analysis excludes all patients who 

underwent percutaneous coronary intervention, which leaves us with the unanswered 

question of survival benefit. Intracranial recurrence is the most common place for small cell. 

If you can add more data or examine this subset, that would be of interest to readers.

Dr Engelhardt. Absolutely. Thank you.

Abbreviations and Acronyms

CoC Commission on Cancer

NCDB National Cancer Database

OS overall survival

p pathologic

PUF Participant Use File

RT radiation therapy

SCLC small cell lung cancer
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Perspective

Although historically considered a nonoperative disease, surgery can benefit patients with 

early stage small cell lung cancer. However, the role of adjuvant thoracic radiation after 

complete resection remains unclear. Our findings suggest that complete resection may 

obviate the need for adjuvant thoracic radiation.
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FIGURE 1. 
Consolidated standards of reporting trials flow diagram of patient selection. SCLC, Small 

cell lung cancer.
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FIGURE 2. 
Unadjusted overall survival (Kaplan-Meier survival curves) for all patients diagnosed 

between 2004 and 2013 with pathologic (p) T1 or pT2 N0 M0 small cell lung cancer treated 

with surgery only compared with surgery and adjuvant thoracic radiation. A, All patients 

underwent complete resection (N = 1617). There was no difference when the survival 

functions were compared using the log-rank test (P = .144). B, All patients underwent 

complete resection (N = 449). There was no difference when the survival functions were 

compared using the log-rank test (P = .647). C, All patients underwent complete resection 

(N = 258). There was no difference when the survival functions were compared using the 

log-rank test (P = .867). RT, Adjuvant radiation therapy; CI, confidence interval.
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Central Message. 
Surgery is underutilized for early stage small cell lung cancer; radiation therapy after 

complete resection may not be necessary.
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