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Abstract

Background—Socioeconomic status (SES) disparities in the surgical management of patients
with non-small cell lung cancer (NSCLC) are well described. Disparities in the receipt of adjuvant
chemotherapy are poorly understood. We assessed the influence of SES on adjuvant chemotherapy
after resection in patients with pN1 NSCLC.

Methods—The National Cancer Database was queried for cNO/N1 NSCLC patients who
underwent surgical resection and had demonstrated pN1 disease. This cohort was further divided
into those who received multiagent adjuvant chemotherapy (MAAC) vs surgery-only treatment.
Factors associated with treatment assignment were examined, and long-term survival was
compared.

Results—Of the 14,892 patients who underwent resection for pN1 disease, 8061 (54.1%)
received MAAC. Patients were less likely to receive MAAC if they resided in rural areas (odds
ratio, 1.23; 95% confidence interval [C1],1.11-1.37; P <.001), or were uninsured or on Medicaid
(odds ratio, 1.23; 95% Cl, 1.07-1.41; P [ .004). The propensity score-weighted 5-year survival was
significantly higher for those receiving MAAC compared with surgery only (53.6% vs 39.5%, log-
rank P <.001). Lower income (hazard ratio, 1.06; 95% CI, 1.00-1.12; P [ .044) and uninsured or
Medicaid insurance status (hazard ratio, 1.22; 95% Cl, 1.13-1.31; P < .001) were independently
associated with increased mortality by Cox regression in the propensity score-weighted cohort.

Conclusions—pN1 NSCLC patients living in rural areas or who are uninsured or on Medicaid
insurance are at increased risk of not receiving MAAC. Treatment with MAAC significantly
improves long-term survival of pN1 patients. Efforts should be made to ensure these at-risk groups
receive guideline-concordant care.

Lung cancer is the leading cause of cancer-associated mortality in the United States.12 Non-
small cell lung cancer (NSCLC) constitutes more than 80% of the estimated 220,000
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incident cases annually.12 For patients with pathologic N1 (pN1) disease, current National
Comprehensive Cancer Network (NCCN) guidelines recommend complete surgical
resection, followed by a platinum-based doublet adjuvant chemotherapy regimen.3# The
evidence in support of this multimodal protocol emerged from several randomized
controlled trials and subsequent meta-analyses, which collectively demonstrated a reduction
in disease recurrence and an overall 5-year survival benefit of 5.4% for all patients treated
with this algorithm.5-9

Stage-specific subgroup analyses presented in the Adjuvant Lung Cancer Project Italy
(ALPI), Canada Clinical Trials Group (JBR.10), and the Adjuvant Navelbine International
Trialist Association (ANITA) trials suggest that patients with pN1 NSCLC may experience
an even greater survival advantage. Despite established evidence-based indications for
multiagent adjuvant chemotherapy (MAAC) in pN1 patients, the extent to which these
guidelines are followed and the factors mediating their adoption in clinical practice are
unclear.

Socioeconomic status (SES) factors are important determinants of treatment and outcome
disparities among lung cancer patients. Previous studies have demonstrated that patients
with high-risk SES factors are less likely to undergo definitive surgery for early-stage
NSCLC and palliative chemotherapy for advanced disease.1%-13 However, there are currently
no data concerning the impact of patient SES on the receipt of MAAC in the NSCLC
population who meet indications for this therapy. Therefore, the objectives of this study were
to assess the influence of SES factors on adjuvant chemotherapy use in a nationally
representative cohort of pN1 NSCLC patients and to evaluate the effect of this treatment
strategy on long-term survival. We hypothesized that SES factors significantly contribute to
disparities in the use of MAAC after resection of pN1 NSCLC.

Patients and Methods

Data Source

This study is a retrospective observational study of NSCLC patients sourced from the
National Cancer Database (NCDB). The NCDB is a hospital-based oncology registry
sponsored by the American College of Surgeons and the American Cancer Society and
captures approximately 70% of all patients with newly diagnosed cancer in the United
States.14 This study was exempted from review by the University of Southern California
Institutional Review Board.

The NCDB participant user file was queried to identify patients who underwent lobectomy,
bilobectomy, or pneumonectomy for clinical NO or N1 NSCLC between 2004 and 2014.
Clinical and pathologic staging was based on the 7th edition of the American Joint
Commission on Cancer guidelines.15 Patients were excluded if they were younger than 18
years old, received chemotherapy, radiotherapy, or chemoradiotherapy before resection,
received adjuvant radiotherapy, had clinical N2 staging, carcinoid tumor histology,
underwent an operation categorized as local tumor destruction or not otherwise specified
(NOS), did not have complete resection (R =1), or had missing pathologic staging data
(Figure 1).
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From this cohort, patients with pathologic N1 disease (pN1) were selected and assigned to
10f2 groups according to the treatment received after surgery. Patients who underwent
MAAC within 120 days after surgery were classified as “MAAC,” and patients who had no
additional postoperative treatment were classified as “surgery only.” We excluded 334
patients who underwent single-agent adjuvant chemotherapy because this could also be
interpreted as not being consistent with guidelines. The120-day interval was selected to
ensure that chemotherapy was not administered for the treatment of recurrent disease.

Study Variables

Five socioeconomic status variables were evaluated: race/ ethnicity, median household
income, education level, urban/rural area of residence, and insurance status. Race/ ethnicity
was classified according to NCDB categories. Median household income and education data
were sourced using estimates derived from patient ZIP codes and were dichotomized.
Urban/rural residence was based on population estimates of the patient’s county of residence
at the time of diagnosis. Insurance status was dichotomized to compare patients who were
uninsured or on Medicaid with those patients with all other forms of insurance. Also
included were the following demographic and clinical variables: age, sex, Charlson-Deyo
comorbidity score, clinical and pathologic stage, tumor grade, and histologic subtype.
Tumor histology was determined using International Classification of Diseases for Oncology
codes for adenocarcinoma, squamous cell carcinoma, and other.16 Time from diagnosis to
surgery was categorized at as 90 days or less and after 90 days to evaluate whether the
timing of care influenced subsequent treatment strategies. Year of diagnosis was included to
adjust for possible health care improvements over the study period.

Statistical Analysis

Descriptive analyses were performed to report the frequency counts and percentages for
categorical variables. We used XZ tests to analyze categorical variables for bivariate analysis
and logistic regression to identify factors associated with treatment. Variance inflation factor
was checked for collinearity and Hosmer-Lemeshow goodness of fit for model fitting.

Propensity score weighting was used to limit the confounding effects of baseline
characteristics on survival analyses.1” The variables used in the propensity score model are
listed in Supplemental Table 1. The weight (W) is generated using the following formula: W
= (treatment group/propensity score) + (1 -treatment group/1 -propensity score), with the
treatment group defined as “1” for surgery only, and “0” for MAAC.

Kaplan-Meier and log-rank tests were used for time-toevent analysis before and after
propensity score inverse weighting. Cox regression with propensity score inverse weighting
was used to generate hazard ratios (HRs). Schoenfeld residuals were checked for
proportional hazards assumption. Sensitivity analysis was performed by excluding surgery-
only patients who died within 90-days postoperatively. Propensity scores were recalculated,
and the weighted survival analysis was performed with the assumption that excluded patients
had zero probability to be treated with adjuvant chemotherapy. A significance level of 0.05
was used for 2-sided tests. All analyses were performed using SAS 9.4 software (SAS
Institute Inc, Cary, NC).
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Of the 14,892 patients who met the inclusion criteria, 8061 (54.1%) received MAAC after
resection (Table 1). Multivariable logistic regression identified 2 SES factors predictive of
treatment strategy (Table 2). After adjusting for demographic and clinical characteristics,
patients with pN1 disease were less likely to receive MAAC if they resided in rural areas
(odds ratio [OR], 1.23; 95% confidence interval [CI], 1.11-1.37; P < .001) or were
uninsured or on Medicaid insurance (OR, 1.23; 95% Cl, 1.07-1.41; P =.004). In addition to
these factors, patients who were male (OR, 1.10; 95% CI, 1.02-1.19; P = .009), aged older
than 69 years (OR, 3.05; 95% Cl, 2.83-3.28; P <.001), had clinical N1 stage (OR, 1.11;
95% Cl, 1.03-1.20; P =.005), had Charlson-Deyo comorbidity scores of 2*(OR, 1.35; 95%
Cl, 1.21-1.51; P <.001), had squamous cell carcinoma histology (OR, 1.25; 95% Cl, 1.15-
1.35; P <.001), underwent pneumonectomy (OR, 1.24; 95% CI, 1.12-1.38; P < .001), or
underwent surgery greater than 90 days after diagnosis (OR, 1.79; 95% Cl, 1.54-2.08; P
<.001) were also less likely to receive MAAC after resection.

Survival data are presented in Figure 2. In the propensity score-weighted cohort, the 5-year
overall survival rate after a 90-day mortality correction was significantly greater for those
receiving MAAC compared with surgery alone (53.6% vs 39.5%, log-rank P < .001) (Figure
2). This is consistent with the results from the propensity score-weighted Cox regression,
which showed that the receipt of surgery-only treatment was associated with an increased
risk of mortality when compared with the addition of MAAC (HR, 2.11; 95% ClI, 2.02-2.19;
P <.001). In addition to treatment type, lower income (HR, 1.06; 95% ClI, 1.00-1.12; P
=.044) and uninsured or Medicaid insurance status (HR, 1.22; 95% CI, 1.13-1.31; P < .001)
were independently associated with increased risk of mortality. Other significant
demographic-, clinical-, and tumor-related variables predictive of increased mortality are
summarized in Table 3.

This study specifically evaluated the relationship between SES and the receipt of adjuvant
chemotherapy for NSCLC. Previous reports on disparities in the NSCLC population have
primarily focused on treatment inequity in the context of upfront care, demonstrating that
patients with high-risk SES are less likely to undergo curative surgery for early-stage disease
and palliative chemotherapy for advanced disease.12:18-20 An unresolved question from
these studies is whether SES factors similarly contribute to treatment disparities after the
receipt of initial therapy. Therefore, by defining the impact of SES factors on adjuvant
chemotherapy use, this analysis provides a clinically relevant perspective on the relationship
between SES and continuity of care and addresses a major gap in the literature on treatment
disparities in the NSCLC population.

This study demonstrates that rural residence and Medicaid or no insurance are independently
associated with the failure to receive MAAC after surgery. The finding that rural patients are
at increased risk of not receiving guideline-concordant treatment is consistent with trends in

prior studies. Using both state and national registries, several investigators have described

similar treatment and outcome disparities in lung cancer patient cohorts residing in rural
areas,11,18,21,22
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In an analysis of more than 348,000 lung cancer patients in the Surveillance, Epidemiology,
and End Results (SEER) program database, Atkins and colleagues?? demonstrated a positive
correlation between patient residential rurality and lung cancer incidence and mortality.
Importantly, the investigators found that patients with early-stage | NSCLC residing in the
most rural counties experienced a median survival time that was 12 months shorter than
stagematched patients residing in the most urban counties.?2 One reason for this survival
disparity argued by Atkins and colleagues?? and others'1:18.21 js that rural patients are
persistently less likely to undergo surgical resection than their urban counterparts. The
present analysis suggests that the disadvantaged status of rural residents extends beyond the
receipt of initial surgical intervention and includes adjuvant chemotherapy treatments.

This analysis did not identify race/ethnicity as a significant predictor of treatment strategy in
pN1 patients. This finding is particularly interesting, because much of the literature
examining SES disparities in lung cancer has been centered on racial/ethnic inequity in
disease management and outcomes.10:23.24 One explanation for this discrepancy is the
difference in the types of treatments studied here compared with previous reports. While
previous studies have focused on first-line therapies, this analysis examined treatment
disparities after resection and suggests that patient race/ethnicity may serve as a barrier to
accessing initial therapies but not the receipt of subsequent treatments. Alternatively, these
discordant findings may be due to demographic differences between the hospital-based
NCDB, National Program of Cancer Registries, and SEER databases.2®> Whether race/
ethnicity is found to impact the receipt of adjuvant chemotherapy in other national registry
cohorts has yet to be determined.

The timely delivery of appropriate therapies is critical for maximizing overall survival in
cancer patients. Despite more than a decade of evidence in support of multimodal therapy
for pN1 patients, only 54.1% of pN1 patients in this study received MAAC in accordance
with NCCN guidelines. This observation is in keeping with other NCDB reports, which have
described similarly low rates of postoperative chemotherapy among patients with pathologic
nodal disease.2® The reasons for the underuse of MAAC are not clear, but one explanation
may be the perception of a limited survival benefit (5%—-6%) conferred by this treatment
strategy.?

The consequence of poor adherence to MAAC treatment guidelines in the current study was
a significant reduction in overall survival. In the propensity score-weighted cohort, pN1
patients treated with MAAC had a 14.1% overall survival benefit compared with patients
receiving surgery-only treatment. This survival benefit is consistent with, although
considerably greater than, the 5% to 6% estimate commonly reported for NSCLC patients.®
One possible explanation for the greater survival observed in this study may pertain to the
more homogeneously staged cohort used in this analysis. This explanation is consistent with
the primary data reported in the ALPI and JBR.10 clinical trials, which showed an
approximately 13% and 20% survival advantage among stage 11 NSCLC patients receiving
MAAC, respectively.527 Additionally, ANITA trial investigators reported a 16% overall
survival benefit among pN1 NSCLC patients receiving MAAC.8
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Although none of these individual trials were specifically designed or powered to evaluate
MAAC outcomes in stage-specific cohorts, a meta-analysis of 4 separate trials by Douillard
and colleagues?® supported these trends by demonstrating a statistically significant 11.6%
survival benefit in stage Il and a 14.7% survival benefit in stage |11 NSCLC patients treated
with adjuvant vinorelbine and cisplatin compared with observation after surgery. Although
this study reinforces the known therapeutic advantage of adjuvant chemotherapy for the
treatment of NSCLC, it also suggests that pN1 patients may stand to benefit greater than
previously perceived from this treatment strategy.

This study had several limitations related to its retrospective and observational nature. First,
although the NCDB is well suited to investigate national patterns of cancer treatment and
outcomes, many of the SES variables within this data set lack sufficient granularity to yield
information about individual treatment decisions.

In addition, because data such as physiologic tolerance, overall functional status, and
disease-specific survival are not included in the NCDB, we were unable to test whether the
difference in overall survival between MAAC and surgery-only cohorts is driven by nonlung
cancerrelated deaths.

Finally, this study focused on the impact of SES factors on the initiation of adjuvant therapy
for pN1 patients but did not evaluate the effect of SES on treatment attrition. Future studies
should also consider the impact of SES factors on the completion of appropriate therapy.

In conclusion, this study identified multiple SES and non-SES factors associated with the
failure to receive adjuvant chemotherapy after curative resection for pN1 NSCLC. Given that
our central hypothesis was centered on socioeconomic disparities, we focused our analysis
on SES-related factors. The findings presented here largely support the hypothesis and
implicate certain SES factors as critical determinants of treatment and survival disparities in
pN1 patients. Overall, this work underscores the importance of SES as a driver of treatment
discrepancies for patients with lung cancer and argues that such factors should be
meaningfully considered in efforts to improve access and delivery of appropriate therapies to
the NSCLC population.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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National Cancer Database: Non-small cell lung cancer dataset

(N=1,284,846)

Exclude: N=1,269,954

Age <18

AJCC Clinical Stage: N>2, M=1
Induction therapy (chemotherapy,
radiation, chemoradiation therapy)
Incomplete resection (R>1)

N=18,912

Age>18
Adenocarcinoma, Squamous cell, Large cell
AJCC Clinical Stage:

T:1, 1A, 1B, 2A,2B, 3,4

N: 1

M: 0
Lobectomy, Bilobectomy, or Pneumonectomy
AJCC Pathologic Stage: N=1

Exclude: N=4,020

Missing treatment group information
Chemotherapy start date >120 days after
surgery

Single agent adjuvant chemotherapy

Surgery + multi-agent
adjuvant chemotherapy
(N=8,001)

Figurel.

|

Surgery only
(N=6,831)

Consolidated Standards of Reporting Trials diagram demonstrating the study criteria for
selection of the pathologic N1 cohort from the National Cancer Database. (AJCC, American
Joint Commission on Cancer.)
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Figure2.

(A) Unadjusted Kaplan-Meier survival curve for pN1 patients receiving multiagent adjuvant
chemotherapy after surgery (n = 6763) vs surgery only (n = 5748). (B) Adjusted Kaplan-
Meier survival curve comparing propensity score-weighted multiagent adjuvant
chemotherapy (n = 9892) vs surgery-only (n = 9864) cohorts after a 90-day mortality
adjustment in surgery-only patients.
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Multivariable Logistic Regression for Treatment Assignment in the pN1 Cohort

Table 2.

Multivariable Regression

Covariatet OddsRatio  95% ClI P Value
Sex

Male 1.10 1.02-1.19 .009

Female Reference
Age,y

<69 Reference

>69 3.05 2.83-3.28 <.001
Race/ethnicity

White Reference

Asian 1.06 0.81-1.38 .670

Black 0.92 0.80-1.05 214

Hispanic 111 0.85-1.44 436

Other 1.24 0.85-1.81 .256
Education

<20.9% no HS diploma Reference

>21% no HS diploma 112 1.00-1.25 .051
Charlson-Deyo score

0 Reference

1 1.08 0.99-1.17 .053

2t 1.35 1.21-1.56 <.001
Clinical T Stage

1 Reference

2 0.98 0.88-1.09 .691

3 1.01 0.85-1.21 .884

4 0.87 0.67-1.13 .304
Clinical N

0 Reference

1 111 1.03-1.20 .005
Pathologic T Stage

1 Reference

2 1.05 0.93-1.17 440

3 1.16 0.98-1.37 .083

4 1.20 0.96-1.49 .102
Median household income

<$38,000 1.08 0.97-1.21 .150

>$38,000 Reference
Urban vs rural status

Urban Reference

Rural 1.23 1.11-1.37  <.001
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M ultivariable Regression

Covariatet OddsRatio 95% ClI P Value
Insurance status

Not insured or Medicaid 1.23 1.07-1.41 .004

Other Reference
Facility type

Academic/research Reference

Community/integrated cancer 0.99 0.92-1.07 821
Tumor grade

Well differentiated Reference

Moderately differentiated 0.91 0.77-1.07 .255

Poorly differentiated 0.92 0.77-1.09 .319

Other 0.91 0.73-1.15 430
Histology

Adenocarcinoma Reference

Squamous cell carcinoma 1.25 1.15-1.35 <.001

Other 1.04 0.88-1.24 .637
Time between diagnosis and surgery

<90 days Reference

>90 days 1.79 1.54-2.08 <.001
Tumor size

<4cm Reference

24 cm 0.98 0.89-1.07 .627
Resection type

Bilobectomy/lobectomy Reference

Pneumonectomy 1.24 1.12-1.38 <.001
Year of diagnosis

2006 Reference

2007 0.88 0.72-1.08 227

2008 0.84 0.69-1.01 .063

2009 0.77 0.64-0.92 .005

2010 0.71 0.59-0.85 <.001

2011 0.66 0.55-0.80 <.001

2012 0.54 0.45-0.65 <.001

2013 0.49 0.41-0.59 <.001

2014 0.52 0.43-0.62 <.001

Boldface indicates statistical significance (P < .05).

ClI, confidence interval; HS, high school.
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Table 3.

Propensity Score-Weighted Cox Regression of Factors Associated With Increased Risk of Mortality in pN1
Patients

Propensity Score-Weighted Cox Regression

Covariate Hazard Ratio 95% ClI P Value
Treatment

Multiagent adjuvant chemotherapy Reference

Surgery only 2.11 2.02-2.19 <.001
Sex

Male 1.28 1.23-1.33 <.001

Female Reference
Age, y

<69 Reference

>69 1.30 1.25-1.35 <.001

Race/ethnicity

White Reference

Asian 0.87 0.73-1.03 .096

Black 0.96 0.89-1.03 .235

Hispanic 0.97 0.84-1.12 .670

Other 0.89 0.71-1.11 .299
Education

<20.9% no HS diploma Reference

>21% no HS diploma 1.02 0.96-1.09 485
Charlson-Deyo score

0 Reference

1 1.14 1.10-1.19 <.001

2+ 1.40 1.32-1.49 <.001

Clinical T stage

1 Reference

2 0.94 0.88-0.99 .047

3 1.06 0.97-1.17 212

4 112 0.98-1.28 .086
Clinical N

0 Reference

1 1.07 1.03-1.11 .001

Pathologic T stage

1 Reference

2 111 1.04-1.19 .001
3 1.52 1.39-1.67 <.001
4 1.54 1.38-1.73 <.001

Median household income

<$38,000 1.06 1.01-1.12 .044
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Propensity Score-Weighted Cox Regression

Covariate Hazard Ratio 95% ClI P Value

2$38,000 Reference
Urban vs rural status

Urban Reference

Rural 1.03 0.97-1.09 .282
Insurance status

Not insured or Medicaid 1.22 1.13-1.31 <.001

Other Reference
Facility type

Academic/research Reference

Community/integrated cancer 111 1.07-1.16 <.001
Tumor grade

Well differentiated Reference

Moderately differentiated 1.18 1.07-1.30 .001

Poorly differentiated 1.24 1.13-1.37 <.001

Other 1.24 1.09-1.41 .001
Histology

Adenocarcinoma Reference

Squamous cell carcinoma 0.93 0.89-0.98 .002

Other 0.99 0.91-1.08 .835
Time between diagnosis and surgery

<90 days Reference

>90 days 1.08 1.01-1.17 .047
Tumor size

<4cm Reference

>4 cm 1.13 1.22-1.35 <.001
Resection type

Bilobectomy/lobectomy Reference

Pneumonectomy 112 1.06-1.18 <.001
Year of diagnosis

2006 Reference

2007 0.97 0.88-1.07 .557

2008 0.96 0.88-1.04 317

2009 0.87 0.80-0.95 .002

2010 0.92 0.85-1.01 .067

2011 0.85 0.78-0.93 <.001

2012 0.98 0.90-1.07 702

2013 0.92 0.84-1.01 .095

2014

Boldface indicates statistical significance (P < .05).

Cl, confidence interval; HS, high school.
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