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Abstract

Background.—Lobar resection is the gold standard therapy for medically fit patients with stage
I non-small cell lung cancer (NSCLC). However, considerable variability exists in the use of
surgical therapy. This study tested the hypothesis that center-based variation in the use of surgical
therapy affects survival in NSCLC.

Methods.—We queried the National Cancer Database for patients with stage | NSCLC. Mixed-
effects multivariable models were developed to establish the percenter adjusted rate of surgical
therapy. Patients were stratified into quartiles based on the treating center’s adjusted rate of
surgical therapy. Survival was estimated and then tested by using Kaplan-Meier and the log-rank
test. Multivariable Cox proportional hazard models were developed to estimate the effect of rate of
surgical therapy on overall survival.

Results.—A total of 139,802 patients met the criteria. There was wide variation in the per-center
rate of surgical resection in the highest (80.8%) versus lowest (41.4%, p < 0.001) quartile. Across
cohorts, patients were similar in age (mean 68.8 years in the highest quartile versus 69.7 in the
lowest quartile) and Charlson-Deyo Score of 2 or greater (15.1% in the highest quartile versus
14.4% in the lowest quartile). Five-year survival was higher for patients treated at high-use
centers (52.7% versus 36.7%, p < 0.001). After adjustment, an adjusted rate of surgical therapy
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in the lowest 25th percentile was associated with lower survival (adjusted hazard ratio 1.40, 95%
confidence interval: 1.37 to 1.40, p< 0.001).

Conclusions.—Treatment at a center with a higher rate of surgical therapy confers a
considerable survival advantage, even after adjustment for hospital volume, surgical approach, and
other confounders. Targeted efforts to improve adherence to guidelines about provision of surgical
therapy in early-stage NSCLC may represent a meaningful opportunity to improve outcomes.

With more than 200,000 newly diagnosed cases each year, lung cancer is the second most
commonly diagnosed cancer in the United States and is the leading cause of cancer-related
death in both men and women [1]. Guidelines from the National Comprehensive Cancer
Network and American College of Chest Physicians recommend surgical resection with
curative intent for all operable stage I non-small cell lung cancers (NSCLCs) in medically
appropriate patients [2, 3].

Prior studies have investigated the relationship between surgical volume and outcomes
across a range of surgical diseases [4, 5]. Higher volume centers have consistently
demonstrated improved survival in those patients undergoing surgical resection [6, 7]. In
addition, various factors such as geography, insurance status, and surgery consultation have
been associated with increased use of definitive treatment, including surgery and radiation
[8-10]. However, many of these studies focus on a specific patient population, evaluating
the role of age or racial disparities on the treatment of lung cancer, thereby limiting the
generalizability of the results.

Despite improved outcomes and national recommendations, there remains considerable
variability in the use of surgical therapy for early-stage NSCLC [8, 11-13]. Disparities in the
adherence to guideline-concordant delivery of surgical therapy may represent a modifiable
behavior to improve oncologic outcomes. This technique has recently been applied to both
small-cell lung cancer and pancreatic adenocarcinoma, demonstrating in each that higher
adjusted per-center rates of use of surgical therapy are associated with improved survival
[14, 15]. With the use of the National Cancer Database (NCDB), this study aims to identify
the center-based variation in the rate of use of surgical therapy, how this variation affects
overall survival (OS) in stage | NSCLC, and the extent to which this variation may help to
better understand observed disparities in treatment outcomes for patients with NSCLC.

Patients and Methods

The university’s institutional review board provided exempt status for this analysis. This
is a retrospective cohort review of the 2014 NCDB Participant User Files. The NCDB

is a de-identified database jointly administered by the American Cancer Society and the
American College of Surgeons Commission on Cancer. The 2014 file includes cases
diagnosed between 2004 and 2014 and includes survival information for cases diagnosed
through 2013.

The study population included all adult patients aged 85 years and younger with clinical
stage | NSCLC treated at a single center reported to the NCDB between 2004 and
2014. Patients with undocumented clinical stage, those missing survival data, and those
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who underwent operation as a part of their treatment was undocumented were excluded.
Primary outcomes were the receipt of curative-intent surgical therapy and OS. OS was
measured from the time of diagnosis. Secondary end points included the following: 30- and
90-day mortality, 30-day readmission rates, surgical margin status, number of lymph nodes
examined, and hospital length of stay.

Patient baseline demographic characteristics were extracted from the NCDB. The
demographic information included patient age, sex, race, education, income quartile,
treatment facility type, insurance status, and Charlson-Deyo comorbidity index. Tumor
characteristics included pathologic tumor, margin, and nodal status. Treatment and surgical
end points included the use of adjuvant radiation and chemotherapy, extent of surgical
resection, surgical approach, number of lymph nodes examined, and surgical margin status.
Extent of surgical resection included lobectomy and pneumonectomy. Surgical approach was
categorized as either video-assisted thoracoscopic surgery (VATS), open procedure, robotic-
assisted procedure, or those converted to open. Baseline characteristics were compared
between groups by using the Kruskal-Wallis analysis of variance test for continuous
variables and the 2 test for categorical variables.

Hospital factors included in the analysis were hospital type (academic/research, community,
comprehensive community, and integrated) and hospital volume. Hospital volume was
calculated based on quartiles of the average annual number of clinical stage | NSCLC

cases treated at that facility. Volume was based on the total number of patients treated at the
facility, rather than the total number of surgical cases performed. Because each center may
not have contributed data to the NCDB for each year of the study period, per-center volume
was calculated based on the number of years data were contributed to the NCDB by each
respective center. Hospital volume quartiles were established as follows: lowest quartile was
4.7 cases or fewer per year, second quartile was 10.9 cases or fewer per year, third quartile
was 21.1 cases or fewer per year, and the highest volume quartile was more than 21.1 cases
per year.

Variation in the Use of Surgical Therapy

To establish the degree to which there exists variation at the hospital level in the

use of surgical therapy for patients without contraindications or refusal, mixed effects
logistic regression models that incorporated hospital identification as a random effect were
constructed. The final model included patient-, tumor, and hospital-level factors to establish
an adjusted per-center rate of surgical therapy that considers case mix in determination of
the per-center rate of use of surgical therapy.

Survival Analysis

Unadjusted OS was estimated by using the Kaplan-Meier method and the log-rank test to
compare survival between patients treated at hospitals stratified by the percenter adjusted
rate of use of surgical therapy (adjusted for patient- and tumor-level factors) described in
the preceding paragraph. Cox proportional hazard models were subsequently developed to
further investigate the adjusted hazard for mortality associated with treatment at centers
stratified by the adjusted rate of surgical therapy. The assumption of proportional hazards
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was verified graphically. Age and hospital volume were evaluated first in a nonlinear fashion
with the use of restricted cubic splines, and they were treated as categorized variables in the
final model.

All analyses were conducted with R version 3.4.3 (R Foundation for Statistical Computing,
Vienna, Austria) with a p value less than 0.05 indicating statistical significance.

Patient Demographic Characteristics

A total of 215,252 patients met the inclusion criteria and were determined to be suitable for
analysis. Demographic characteristics were compiled and described based on the adjusted
rate quartile of the treating hospital. Demographic characteristics are summarized in Table
1. A plurality of patients (65,331 or 30.7%) were cared for at centers representing the top
adjusted rate quartile. Patients treated at centers with the highest rate of use of surgical
therapy were clinically similar in age, albeit statistically younger (mean 68.8 years versus
69.7 years in the lowest quartile), were less frequently men (45.6% versus 49.0% in the
lowest quartile), were more frequently white (88.3% versus 86.6% in the lowest quartile),
and were less likely to have a Charlson-Deyo Score of 0 (50.6% versus 56.6% for the lowest
rate quartile) (all p< 0.001). Patients treated at the highest rate centers were more likely to
hold private insurance (28.2% versus 20.7% in the lowest rate centers) and were more likely
to be in the top income quartile (40.3% versus 15.9% in the lowest income quartile) (all p <
0.001).

Patients treated at centers in the highest rate quartile were more frequently treated at
academic centers (42.7% versus 25.6% in the lowest rate quartile). These patients were
more likely to have a diagnostic workup that included microscopic evaluation of a tissue
specimen (94% versus 87.5% in the lowest rate quartile) and less likely by review of a
cytologic specimen (4.9% versus 10.3% in the lowest rate quartile) (all p< 0.001). Days
from diagnosis to the start of treatment were lowest in the highest use quartile (mean 34.87
days versus 51.23 in the lowest use quartile), and days from diagnosis to definitive operation
were likewise lowest in the highest use quartile (mean 32.51 days versus 39.31 days) (all p<
0.001).

Patients treated at the highest rate centers were more frequently clinical stage 1A (68.5%
versus 58.8% in the lowest rate quartile), were more frequently clinically NO (97.4%
versus 96.3% in the lowest rate quartile), and were more frequently clinical MO (98.3%
versus 97.6% in the lowest rate quartile). Of those patients with pathologic tissue for
histologic examination, sub-types varied modestly. Highest rate centers had the lowest rate
of adenocarcinoma (37.0% versus 38.2% in the lowest rate centers) and a lower rate of
squamous cell carcinoma (24% versus 31.1%) (all p< 0.001).

Of patients who underwent surgical therapy, those who did at centers in the highest rate

quartile were more likely to undergo a minimally invasive (VATS) approach (18.2% versus
6.3%) and were more likely to receive sublobar resection (28.2% versus 20.6%). Length of
stay for patients undergoing surgical therapy was shortest in the highest use quartile (mean
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6.14 days versus 7.20 days in the lowest use quartile). Both 30- and 90-day mortality were
lowest in the highest use quartile (30-day mortality: 1.9% versus 2.7%, 90-day mortality:
3.5% versus 4.8%) (all p< 0.001).

With respect to alternate or complementary treatment approaches, patients treated in the
highest rate centers were less likely to receive beam radiation (14.7% versus 38.8% in

the lowest rate centers) and less likely to receive multi-agent chemotherapy (11.6% versus
13.8%) (all p<0.001).

Hospital-Level Variation in the Use of Surgical Therapy

Of the 215,252 patients included in the analytic cohort, a total of 144,352 (67%) underwent
surgical resection. These patients were treated at a total of 1,227 unique facilities.
Substantial difference existed in the per-center rate of use of surgical therapy for the

study cohort. Sequential mixed-effects logistic regression models were fit as described
above to adjust for observed per-center differences in patient-, tumor-, and hospital-level
characteristics. Median per-center rate of surgical therapy was 67.11%. Patients were then
stratified by their treating center’s adjusted rate of surgical therapy quartile for further
analysis. Variation in the per-center adjusted rate of surgical therapy and related quartile
determinations are depicted in Figure 1.

Relationship Between Use of Surgical Therapy and OS

OS was estimated in an unadjusted fashion by using the Kaplan-Meier method, with patients
stratified by the treating center’s adjusted rate of surgical therapy. Because the 2014 NCDB
Participant User File did not include survival data for those patients diagnosed in the year
2014, these patients (n = 28,076) were excluded from survival analysis. Patients who were
treated at centers with a higher adjusted rate of surgical therapy had higher OS at both 1

and 5 years (1-year survival 87.0% versus 78.6% for the lowest adjusted rate quartile, 5-year
survival 52.7% versus 36.7% for the lowest adjusted rate quartile, pairwise log-rank p <
0.001; Fig 2).

A multivariable Cox proportional hazards model was developed to adjust for patient-,
tumor-, and hospital-level factors as described above. After adjustment for age, Charlson-
Deyo Score, sex, race, insurance status, facility type, clinical stage, histologic findings, and
hospital volume quartile, adjusted rate of surgical therapy remained significantly associated
with survival, with treatment at a lowest rate quartile hospital associated with an adjusted
hazard ratio of 1.40 (95% confidence interval: 1.37 to 1.43, p< 0.001; Fig 3).

Comment

Although complementary treatment modalities continue to be examined and rigorously
tested, surgical resection remains the guideline-recommended therapy for medically
appropriate patients with stage | NSCLC. Mirroring findings in other surgical specialties,

a robust relationship exists between higher per-center surgical volume in thoracic oncology
and long-term survival [7]. This volume—outcome relationship remains a critical insight
into the provision of high-quality cancer care. Although this volume—outcome relationship
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relates to disparate outcomes for patients treated across institutions, it does not reflect a
behavior that is necessarily modifiable at the center level [16].

The present analysis demonstrates that beyond differences in per-center surgical volume,
considerable variation exists in the rate at which individual centers provide surgical resection
to patients with stage | NSCLC, a finding that is not entirely explained by patient-, tumor-,
and center-level behaviors. This finding, although frequently associated with surgical
volume, represents a distinct measure of a center’s tendency to treat stage | NSCLC in a
particular manner. This finding is important and is maintained after controlling for other
covariates, including hospital volume. Although distillation of care to higher-volume centers
has both advantages and disadvantages (with respect to improved care at high-volume
centers at the expense of decreased access to care), improvements in the rate at which
centers provide surgical therapy need not diminish access to care, instead ensuring that
patients become more likely to receive guideline-concordant care regardless of their treating
center’s volume. Madifications to the rate of use of surgical therapy may be more actionable
at the center level and, as such, may offer an important metric to use in the improvement of
cancer care across institutions.

This analysis has attempted to identify factors associated with a higher rate of use of surgical
therapy at the center level. We identify important differences with respect to patient- and
tumor-level characteristics at high- and low-use centers, such as differences in age, sex,
socioeconomic status, and insurance status. These findings are consistent with prior studies
that have identified disparities in access to surgical care for minorities, the poor, and the
uninsured [5, 10, 17, 18]. These data suggest that treatment at centers that use surgical
therapy less frequently may contribute to the observed lower rates of surgical therapy for
the black population. Assessment of centers in terms of the rate at which they offer surgical
therapy is potentially a worthwhile strategy as a means to re-evaluate the consequences of
further regionalization of care to high-volume centers that may hinder access to care. We
find only modest (<10 mile) differences in the distance travelled for patients traveling to
high- and low-use centers, suggesting that high-use centers may be more accessible to a
broader population.

Although this analysis is not designed to compare treatment strategies for stage | NSCLC,
the nature of the per-center comparison permits some degree of assessment of the outcome
of different treatment approaches. Patients treated at lower-use centers are more likely

to receive external beam radiation but only modest differences in the rate of multi-agent
chemotherapy. This suggests that the decreased rate of surgical therapy does not represent
therapeutic nihilism, but it may instead reflect a tendency to choose nonsurgical treatment
options. These data may warrant further studies to better elucidate why low-use centers
prefer nonstandard therapeutic modalities for this disease. These data also provide additional
context with which to evaluate previously described changes in the prevailing care provided
for stage | NSCLC [12, 19, 20]. Likewise, the higher rate of pathologic staging data
available for patients who undergo surgical therapy at centers with a high rate of use of
surgical therapy may help appropriately guide therapy for these patients and ensure that
patients who are upstaged are appropriately treated.
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Taken together, these data may provide useful targets for quality improvement attempts at
the center level. Specifically, scrutiny of centers with low adjusted rates of surgical therapy
may be warranted to better elucidate practices that result in low use of surgical therapy at
these centers, followed by modifications to practice patterns such that more patients may
either be provided with surgical therapy or transferred to centers that are better able to
provide surgical therapy for this patient population. This may include a diagnostic approach,
in that high-use centers were more likely to use tissue-based diagnostic techniques, rather
than rely on cytologic or radiographic diagnosis. Attention to the rate of use of surgical
therapy may represent a superior quality metric in the examination of per-center differences
in care of patients with thoracic malignancies.

A few limitations bear consideration in discussion of this work. As with all retrospective
studies that use large national databases, there exists the possibility of potential unmeasured
confounders for which we cannot account. The study is limited by granularity provided

by the data set, particularly with respect to understanding the factors that may contribute

to the per-center approach to offering surgical therapy or determining medical fitness for
surgical resection. These findings again support the argument that additional comorbidity
granularity, such as the inclusion of pulmonary function testing, may be warranted in the
NCDB. Comorbidities such as chronic obstructive pulmonary disease are highly relevant to
the study of thoracic oncology (and to the specific analysis at hand, in which fitness for
surgical therapy is evaluated) and are known to contribute to negative outcomes in patients
with lung cancer, but to date they remain unmeasured in this data source [21].

We show that in patients with stage | NSCLC treatment at centers with higher use of surgical
therapy confers a survival advantage over treatment at centers with lower propensity to
provide surgical therapy. Improvements to the rate at which surgical therapy is provided at
the institution level are required to improve outcomes in this patient population.
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Fig 1.
Adjusted per-center rates of surgical therapy, by hospital.
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Fig 2.

Five-year unadjusted Kaplan-Meier overall survival for stage | non-small cell lung cancer
(NSCLC), stratified by treating center adjusted rate of surgical therapy. Bands around each
line represent the 95% confidence interval.
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Fig 3.

Results of Cox model with error bars representing 95% confidence interval.
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