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ABSTRACT

Background. We evaluated the use and efficacy of adju-
vant chemotherapy after resection of T1-2N1MO non-small
cell lung cancer (NSCLC) in elderly patients.

Methods. Factors associated with the use of adjuvant
chemotherapy in patients older than 65 years of age who
underwent surgical resection of T1-2N1MO NSCLC with-
out induction chemotherapy or radiation in the
Surveillance, Epidemiology, and End Results-Medicare
database from 1992 to 2006 were assessed using a multi-
variable logistic regression model that included treatment,
patient, tumor, and census tract characteristics. Overall
survival (OS) was analyzed using the Kaplan—Meier
approach and inverse probability weight-adjusted Cox
proportional hazard models.

Results. Overall, 2,781 patients who underwent surgical
resection as the initial treatment for T1-2N1MO NSCLC
and survived at least 31 days after surgery were identified,
with adjuvant chemotherapy given to 784 patients
(28.2 %). Factors that predicted adjuvant chemotherapy
use were younger age and higher T status. The 5-year OS
was significantly better for patients who received adjuvant
chemotherapy compared with patients not given adjuvant
chemotherapy: 35.8 % (95 % confidence interval [CI]
31.9-39.6) vs. 28.0 % (95 % CI 25.9-30.0) (p = 0.008). In
the inverse probability weight-adjusted Cox proportional
hazard regression model, adjuvant chemotherapy use
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predicted significantly improved survival (hazard ratio
0.84; 95 % CI 0.76-0.92; p = 0.0002).

Conclusions. Adjuvant chemotherapy after resection of
TI1-2N1IMO NSCLC is associated with significantly
improved survival in patients older than 65 years. These
data can be used to provide elderly patients with realistic
expectations of the potential benefits when considering
adjuvant chemotherapy in this setting.

Several randomized trials and meta-analyses have
shown that adjuvant chemotherapy after resection of stages
II-IITA non-small cell lung cancer (NSCLC) improves
survival.'™® Currently, both the American Society of
Clinical Oncology (ASCO) and the National Comprehen-
sive Cancer Network (NCCN) recommend adjuvant
chemotherapy for patients with completely resected stage
II or IMTA NSCLC.”® However, pooled data for 4,584
patients from five large trials of cisplatinum-based adjuvant
chemotherapy demonstrated a relatively modest 5-year
absolute overall survival (OS) benefit of 5.4 %.° These
randomized adjuvant chemotherapy studies also generally
enrolled selected participants with relatively heterogeneous
stages, good functional statuses, and a low number of
comorbidities, and either excluded or tended to have a
limited number of older participants.'>*'" Therefore,
advising individual older patients about the potential ben-
efits of adjuvant chemotherapy after NSCLC resection in
routine clinical practice can be difficult despite the avail-
ability of the data from these trials. This study was
undertaken to improve the level of evidence available to
guide therapy for elderly patients after surgical resection of
stage II NSCLC due to N1 nodal disease by specifically
examining the use and efficacy of adjuvant chemotherapy
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using the Surveillance, Epidemiology, and End Results
(SEER)-Medicare database.

MATERIALS AND METHODS

This study was performed with approval from the Duke
University Institutional Review Board. A retrospective
cohort study of patients diagnosed with NSCLC was con-
ducted using the SEER-Medicare database, which brings
together Medicare administrative claims data with detailed
clinical tumor registry data in a representative sample of
the US population across a wide geographic variation.'!
From the entire lung cancer cohort, patients who were
definitively identified as having stage T1-2N1MO NSCLC
between 1992 and 2006 were selected. Staging was based
on the 6th edition of the American Joint Committee on
Cancer (AJCC) Cancer Staging Manual. Individual T, N,
and M statuses were recorded in the SEER database
starting in 2004 and, therefore, T1-2N1MO patients diag-
nosed with lung cancer between 2004 and 2007 were
directly identified using these variables. Patients diagnosed
with lung cancer before 2004 do not have individual T, N,
and M statuses recorded in the SEER and, therefore, T, N,
and M statuses were derived from other SEER variables.
The T status was derived from the ‘Extent of Disease
(EOD) 10—Tumor Size (1988-2003)’ and the ‘EOD 10—
Tumor Extent (1988-2003)’ SEER variables. The N status
was derived from the ‘EOD 10—Nodes (1988-2003)
SEER variable, while the M status was derived from the
overall AJCC stage SEER variable.

Because the main aim of the study was to evaluate the
use and impact of adjuvant chemotherapy after surgical
resection, only patients who underwent surgical resection
without having received radiation or chemotherapy prior to
surgery were included in the analysis. All stages in the
study are pathologic because SEER reports the pathologic
stage for patients who are not given any pre-resection
treatment. Patients were identified as having received sur-
gery, radiation, and/or chemotherapy if there was at least
one indicator of treatment within 6 months of diagnosis in
the Medicare Provider Analysis and Review (MEDPAR),
Outpatient Claims, Durable Medical Equipment (DME)
and Carrier Claims Medicare files using Health Care
Common Procedure Coding System (HCPCS) codes,
International Classification of Diseases, 9th Revision (ICD-
9) diagnosis and procedure codes, Current Procedural
Terminology (CPT) codes, Revenue Center Codes (RCC),
and Diagnostic-related group (DRG) codes as previously
described.'*™'® The date of onset of chemotherapy was
identified using methods originally developed for date of
disease onset.'” Only patients whose extent of resection
was sublobar, lobar, or a pneumonectomy were included.
Patients who died within 31 days of surgery would not

have been candidates for adjuvant chemotherapy and were
therefore excluded to reduce potential bias in favor of
adjuvant chemotherapy.

Patients younger than 65 years of age were excluded
because they are eligible for Medicare by reason of dis-
ability or end-stage renal disease. Only patients who had
both continuous Part A and Part B Medicare coverage with
no health maintenance organization enrollment between
1 year prior to and 6 months after diagnosis, or until the
month of death for patients who died within 6 months of
diagnosis, were included in the analysis to minimize the
chance that our analysis could fail to capture treatment due
to non-Medicare coverage. This requirement for continu-
ous Medicare coverage for 1 year prior to diagnosis
effectively meant that only patients aged 66 years or older
at the time of diagnosis were included in the analysis. In
addition, patients who did not have a lung cancer diagnosis
code in their Medicare claims within 2 months prior to and
3 months after the date of their lung cancer diagnosis in
SEER were excluded due to concerns about discrepancies
between Medicare records and SEER data. Each patient’s
Charlson Comorbidity Index was calculated at the date of
diagnosis using Medicare records during a year prior to the
date of diagnosis.'®"

Both univariate and multivariable adjusted logistic
regression analyses were performed relating adjuvant
chemotherapy use to the following patient characteristics:
age, T status, sex, race (Black vs. others), extent of surgical
resection (lobar, sublobar, pneumonectomy), and Charlson
Comorbidity Index, as well as the following information
from the patient’s census tract based on the 1990 or 2000
census bureau survey depending on the patient’s year of
diagnosis: percentage of Black patients, percentage of
persons 25 years of age or older with at least 4 years of
college education, and percentage of residents living below
the poverty level.

OS analyses were performed both with the Kaplan—
Meier method comparing survival curves with the log-rank
test, and with an unadjusted Cox proportional hazard model
that included age, T status, Charlson Comorbidity Index,
extent of surgical resection, adjuvant chemotherapy, and
adjuvant radiation. Adjusted survival analysis was also
performed using inverse probability weighting to create
pseudo-randomization. For each patient, a propensity score
for getting adjuvant chemotherapy was calculated using a
logistic regression model, with adjuvant chemotherapy as
the outcome and the following covariates as predictors:
age, extent of surgical resection, T status, Charlson
Comorbidity Index, sex, and race, as well as the following
census tract information: percentage of people with 4 years
of college education, percentage of Black patients, and
percentage of people living below the poverty line. An
inverse probability weight for each patient was then created
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as the reciprocal of the probability of having been given
adjuvant chemotherapy (calculated propensity score). An
adjusted Cox proportional hazard model for survival was
then created including this inverse probability weight in
addition to age, extent of surgical resection, T status,
Charlson Comorbidity Index, adjuvant chemotherapy, and
adjuvant radiation.

Unpaired Student’s ¢ tests were used to compare con-
tinuous data, and Chi square test for categorical variables.
A two-tailed p value of less than 0.05 was considered
significant. Data are presented as number (percentage),
mean (standard deviation), odds ratios (OR), or hazard
ratio (HR) (95 % confidence interval [CI]) where appro-
priate. The SAS 9.2 statistical package (SAS Institute,
Cary, NC, USA) was used for statistical analyses.

RESULTS

Initially, 413,776 individuals with lung cancer were
identified in the database, of whom 222,524 were 65 years
of age or older with non-small cell cancer histology diag-
nosed from 1992 to 2006. Of these patients, 2,781 (1.2 %)
with TI-2NIMO disease treated with surgical resection
without first being treated with chemotherapy or radiation
therapy, survived at least 31 days after surgery, and who
met all other inclusion criteria were identified. Of these
patients, 784 (28.2 %) were treated with adjuvant chemo-
therapy and 1,997 (71.8 %) were not given adjuvant
chemotherapy. The use of adjuvant chemotherapy over
time is shown in Fig. 1. As shown in the plot, the use of
chemotherapy appeared to increase in 2003 and 2004,
which would have corresponded to completion of the
randomized trials that demonstrated the benefit of adjuvant
chemotherapy.' A platinum-based regimen was given to
593 (76 %) of the 784 chemotherapy patients: 67 (11 %)
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FIG. 1 The use of adjuvant chemotherapy after resection of TI-
2N1MO non-small cell lung cancer over the study time period

one cycle; 63 (11 %) two cycles; 100 (17 %) three cycles;
363 (61 %) four or more cycles.

The characteristics of the patients who were given or
were not given adjuvant chemotherapy after surgery are
listed in Table 1. In univariate analysis, there were no

TABLE 1 Specific characteristics of 2,781 patients with T1-2N1MO
NSCLC with surgical resection as the initial treatment in the SEER—
Medicare database from 1992 to 2006 stratified by whether adjuvant
chemotherapy was used or not

Variable Adjuvant No adjuvant p value
chemotherapy chemotherapy
(n="784) (%) (n=1,997)
(%)

Extent of surgery 0.76
Sublobar 35 4.5) 85 (4.3)
Lobar 650 (82.9) 1,639 (82.1)
Pneumonectomy 99 (12.6) 273 (13.7)

Age (years) <0.0001
66-69 281 (35.8) 480 (24.0)
70-74 262 (33.4) 639 (32.0)
75-79 188 (24.0) 540 (27.0)
80-84 48 (6.1) 269 (13.5)
85+ 5(0.6) 69 (3.5)

T stage 0.16
T1 220 (28.1) 615 (30.8)
T2 564 (71.9) 1,382 (69.2)

Adjuvant radiation <0.0001
Yes 326 (41.6) 589 (29.5)
No 458 (58.4) 1,408 (70.5)

Sex 0.61
Male 431 (55.0) 1,119 (56.0)
Female 353 (45.0) 878 (44.0)

Race 0.59
Black 37 (4.7) 85 (4.3)
Non-Black 747 (95.3) 1,912 (95.7)

Charlson comorbidity index 0.69
0 199 (25.4) 488 (24.4)
1 205 (26.1) 516 (25.8)
2 150 (19.1) 370 (18.5)
3 106 (13.5) 260 (13.0)
4+ 124 (15.8) 363 (18.2)

Census tract percentage 7.4 + 16.8 7.0 + 16.6 0.62
of Black patients

Census tract percentage 26.0 + 16.7 25.7 £ 16.6 0.69
of people with 4 years
of college education

Census tract percentage 9.9 £ 8.8 10.0 £ 8.0 0.71

of people living below
the poverty line

Continuous data ares presented as mean + SD

NSCLS non-small cell lung cancer, SEER Surveillance, Epidemiol-
ogy, and End Results
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TABLE 2 Multivariable model of the use of adjuvant chemotherapy
for patients with TI-2N1MO NSCLC with surgical resection as the
initial treatment in the SEER-Medicare database from 1992 to 2006

Predictor OR 95 % CI p value
Extent of surgery
Sublobar vs. lobar 1.03 0.67-1.57 0.90
Pneumonectomy vs. lobar 0.82 0.63-1.06 0.12
Age (years)
70-74 vs. 66-69 0.68 0.55-0.84 0.0003
75-79 vs. 66-69 0.58 0.46-0.73 <0.0001
80-84 vs. 6669 0.30 0.21-0.42 <0.0001
85+ vs. 66-69 0.12 0.05-0.29 <0.0001
T stage (T2 vs. T1) 1.22 1.01-1.47 0.04

Census tract percentage of people with ~ 1.00 1.00-1.01 0.36
4 years of college education

Census tract percentage of Black patients 1.00 1.00-1.01 0.75
Charlson comorbidity index

1vs. 0 1.02 0.80-1.29 0.88
2vs. 0 1.06 0.81-1.37 0.68
3vs.0 1.06 0.80-1.42 0.68
4+ vs. 0 0.92 0.70-1.21 0.54
Race (Black vs. non-Black) 1.04 0.61-1.78 0.88
Sex (male vs. female) 0.96 0.80-1.14 0.60

Census tract percentage of people living 1.00 0.99-1.01 0.66
below the poverty line

NSCLC non-small cell lung cancer, SEER Surveillance, Epidemiol-
ogy, and End Results, OR odds ratio, CI confidence interval

significant differences in extent of surgical resection, T
status, sex, race, Charlson Comorbidity Index, and any of
the census tract variables between patients given and not
given adjuvant chemotherapy. The percentage of patients
younger than 70 years of age was higher in the group who
were given chemotherapy, while the percentage of patients
who were 75 years of age or older was higher in the group
that did not receive chemotherapy. In addition, patients
who were given adjuvant chemotherapy were more likely
to have also been given adjuvant radiation therapy. After
multivariate adjustment, only younger age and higher T
status were significantly associated with adjuvant chemo-
therapy use after surgical resection (Table 2).

The 5-year OS was significantly better for patients who
received adjuvant chemotherapy compared with patients
not given adjuvant chemotherapy (35.6 % [95 % CI 31.8—
39.4] vs. 27.9 % [95 % CI125.9-29.9]; p = 0.008) (Fig. 2).
In the multivariate-adjusted Cox proportional hazard
regression model including inverse probability weight,
adjuvant chemotherapy use was the only factor that pre-
dicted significantly improved survival (HR 0.84; 95 % CI
0.76-00.92; p = 0.0002) (Table 3). Factors that predicted
significantly worse survival included adjuvant radiation
use, sublobar instead of lobar resection, age 75 years or
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FIG. 2 Survival curve for all patients after resection of T1-2N1MO
non-small cell lung cancer, stratified by whether or not adjuvant
chemotherapy was given

TABLE 3 Unadjusted and inverse probability weight-adjusted Cox
proportional hazard regression model of survival for patients with T1-
2N1IMO NSCLC with surgical resection as the initial treatment in the
SEER-Medicare database from 1992 to 2006

Predictor Unadjusted Adjusted
HR pvalue HR p value

Adjuvant chemotherapy (yes vs. no) 0.83  0.0008 0.84 0.0002
Adjuvant radiation (yes vs. no) 1.50 <0.0001 1.59 <0.0001
Extent of surgery

Sublobar vs. lobar 1.19  0.11 1.27  0.04

Pneumonectomy vs. lobar 1.16 0.03 1.12 0.11
Age, years

70-74 vs. 6669 099 083 098 0.73

75-79 vs. 66-69 1.16 0.02 1.15 0.03

80-84 vs. 6669 1.27  0.004 1.44 <0.0001

854 vs. 66-69 1.72 <0.0001 1.92 <0.0001
T stage (T2 vs. T1) 1.38 <0.0001 1.35 <0.0001
Charlson comobidity index

1vs. 0 1.07 0.35 1.05 045

2vs. 0 1.16  0.04 .11 0.15

3vs.0 1.40 <0.0001 1.35 0.0002

4+ vs. 0 1.40 <0.0001 1.31 0.0003

NSCLC non-small cell lung cancer, SEER Surveillance, Epidemiol-
ogy, and End Results, HR hazard ratio

older compared with age younger than 70 years, higher T
status, and Charlson Comorbidity Index of 3 or higher
compared with an index of zero.

DISCUSSION

In this study, we demonstrated that in the SEER-
Medicare database adjuvant chemotherapy was associated
with significantly better survival of elderly patients after
resection of T1-2NIMO NSCLC. Adjuvant chemotherapy
was used in the minority of patients but the use appeared to
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increase corresponding to the completion of the phase III
trials demonstrating the benefits of this thelrapy.l’?”4 The
use of adjuvant chemotherapy was dependent on age (more
often used in younger patients) and T status (more often
used for T2 than T1 tumors). Independent of other factors,
adjuvant chemotherapy predicted improved survival in
inverse probability weight-adjusted multivariable survival
analysis.

These data can be used to provide elderly patients and
providers with realistic expectations of the potential benefits
when considering adjuvant chemotherapy in this setting.
Although several recent randomized studies and meta-anal-
yses have demonstrated a survival benefit for adjuvant
chemotherapy, guideline adherence for adjuvant chemo-
therapy after NSCLC resection has been shown to be only
61 %.%° Barriers to the use of adjuvant chemotherapy in non-
trial settings likely include opinions of both physician and
patient regarding the ability to tolerate chemotherapy and
whether the potential benefits of adjuvant therapy outweigh
the risks, particularly considering that the benefits of adju-
vant chemotherapy are generally relatively modest.”
Counseling patients on the potential benefits for their specific
situation can be somewhat difficult as the phase III studies
included a relatively heterogeneous group of stages.'™
Moreover, counseling elderly patients may be even more
difficult as most of the randomized adjuvant chemotherapy
studies either excluded older participants or enrolled very
limited numbers.'~*"'” Even though NSCLC is generally a
disease of the elderly and the median age at diagnosis is
70 years, only 9 % of patients in the meta-analysis of the
randomized trials were older than 70 years.?'** In the meta-
analysis of the randomized trials, patients older than 70 years
of age were shown to have had a survival benefit from
adjuvant chemotherapy similar to younger patients, despite
receiving lower doses and fewer cycles, having lower per-
formance status, and having more non-lung cancer-related
causes of death.?? Other retrospective analyses of both ran-
domized study data and registry data have also demonstrated
benefits of adjuvant chemotherapy use in patients older than
65 years.”>** The current study adds to this literature by
allowing accurate estimates of the potential benefits of
adjuvant chemotherapy use for the specific situation of
elderly patients who have undergone resection of NSCLC
which is stage II due to N1 nodal involvement in a non-trial
setting.

Although the results of this study showed that younger age
and a higher T status predicted the use of adjuvant chemo-
therapy, a study limitation is that clinical information
regarding the decision to use or not use adjuvant chemo-
therapy is not available in the dataset. SEER—Medicare does
not contain information on important clinical variables, such
as a patient’s overall functional status, pulmonary function
data, smoking status, and surgical margin status. Adjuvant

chemotherapy may have been preferentially selected for
patients who did well after surgery or who had better func-
tional status, better pulmonary function, and less significant
current and past smoking use, which are all factors that can
impact both treatment selection as well as outcomes such as
survival. Another limitation is that we do not know how
many patients were evaluated for chemotherapy and
declined recommended therapy. Previous studies have
shown that as many as 26 % of patients decline further
treatment after surgery.” It is likely that some patients did
not feel the risks of adjuvant chemotherapy were worth the
potentially increased chance of long-term survival. Future
studies should focus the patient—physician decision-making
process in this situation, including analysis of patients’
comprehension of options, risks, and benefits, and individual
goals of therapy and preferences.

This study has other limitations due to its retrospective
nature and reliance on an administrative database in which
some data may be missing. Also, the analysis cannot control
for specific pathologic details regarding nodal involvement
that are not available in the SEER-Medicare database but
could impact the adjuvant chemotherapy decision. Even
though the study sample is limited to patients with N1 nodal
disease, the extent of nodal involvement in this situation can
vary from microscopic disease recognized on pathologic
examination after resection to bulky, clinically positive
disease. In addition, all patients in this study had insurance
coverage via Medicare, and therefore the results are not
necessarily generalizable to a population of patients that
includes uninsured or underinsured patients. However, use
of the population-based SEER-Medicare database has the
significant advantage of allowing evaluation of a large
number of patients in a specific disease stage subset. Itis very
unlikely that a prospective study that includes a similar
number of elderly patients with this specific tumor stage
could ever be performed.

Disparities in overall lung cancer treatment and prog-
nosis are known to exist for race, socioeconomic status,
and educational status.?%~>? However, this study did not
find any disparities in treatment due to variables associated
with these factors. Importantly, only the clinical variables
of patient age and tumor T status appeared to impact
whether or not a patient was given adjuvant chemotherapy.
It is possible that once patients have access to and agree to
a treatment such as surgery for lung cancer, any subsequent
disparities in treatment are unlikely.

CONCLUSIONS

Adjuvant chemotherapy use after resection of TI-
2N1MO NSCLC in elderly patients declines with increasing
age. However, adjuvant chemotherapy is associated with
significantly better survival in this patient population.
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Patient and providers should carefully consider this
potential benefit against the risks of adjuvant chemother-
apy, and age alone should not likely preclude treatment that
could improve a patient’s long-term prognosis.
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