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A B S T R A C T

Purpose
Multiple agents for advanced non–small-cell lung cancer (NSCLC) have been approved in the past
decade, but little is known about their use and associated spending and survival.

Methods
We used SEER-Medicare data for elderly patients with a new diagnosis of advanced-stage NSCLC
and were treated with antineoplastic agents between 2000 and 2011 (N 5 22,163). We estimated
the adjusted percentage of patients who received each agent, dayswhile on treatment, survival, and
spending in the 12 months after diagnosis.

Results
During the 12-year study period, a marked shift in treatment occurred along with a rapid adoption of
pemetrexed (39.2%), erlotinib (20.3%), and bevacizumab (18.9%) and a decline in paclitaxel
(38.7%), gemcitabine (17.0%), and vinorelbine (5.7%; all P, .05). The average total days on therapy
increased by 5 days (from 103 to 108 days). Patients who received bevacizumab, erlotinib, or
pemetrexed had the longest treatment durations on average (approximately 146 days v 75 days for
those who did not receive these agents). Approximately 44% of patients received antineoplastic
agents in the last 30 days of life throughout the study period. Acute inpatient spending declined
(from $29,376 to $23,731), whereas outpatient spending increased 23% (from $37,931 to $46,642).
Median survival gains of 1.5 months were observed.

Conclusion
Considerable shifts in the treatment of advanced-stage NSCLC occurred along with modest gains in
survival and total Medicare spending. More precise outcome information is needed to inform value-
based treatment decisions for advanced-stage NSCLC.

J Clin Oncol 35:529-535. © 2017 by American Society of Clinical Oncology

INTRODUCTION

Non–small-cell lung cancer (NSCLC) is the leading
cause of cancer death in the United States. There
will be an estimated 224,390 new cases of lung
cancer diagnosed in 2016 and approximately
158,000 deaths,1 causing considerable morbidity
and mortality. Two thirds of all NSCLC cases are
diagnosed at age 65 years or older.1 Nearly 60% of
NSCLC cases are metastatic at diagnosis, and the 5-
year relative survival rate for metastatic disease is
4.2%.2

Although the Food and Drug Administration
approved several new agents, including biologic
targeted agents, prognosis for advanced-stage
NSCLC is poor. In a study of US population–
based data from more than two decades ago (1994

to 1999), patients who received chemotherapy had
a median survival of 8 months relative to 5 months
for those who did not receive chemotherapy.3

These gains come with toxicities and medical
care costs. Older patients, who comprise the
majority with advanced-stage NSCLC, experience
greater toxicity rates than younger patients.4-6

Moreover, the cost-effectiveness of newer agents,
such as bevacizumab, is $560,000 per quality-
adjusted life-year.7 Pemetrexed has an incremen-
tal cost-effectiveness ratio of $122,371 per life-year
gained compared with observation with best
supportive care.8 Erlotinib added to standard
chemotherapy regimens has a cost-effectiveness
ratio of $95,000 per quality-adjusted life-year
relative to standard regimens alone.9

With the use of data from linked SEER-
registry Medicare claims files, this study evaluated
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infusion and oral antineoplastic agents prescribed for newly di-
agnosed advanced-stage NSCLC over a 12-year period. These
longitudinal, population-based data allowed us to observe corre-
sponding changes in survival and spending over time. Use, sur-
vival, and spending trends of antineoplastic agents provide insight
into the value of these therapies and offer a glimpse of the shape of
future treatment trends in advanced NSCLC within the context of
escalating medical care costs.

METHODS

Data
We used linked SEER registry-Medicare claims data.10 The SEER

registries are population based and ascertain all incident cancers that occur
in defined geographic areas that include 28% of the US population. For
each patient, the SEER record contains demographic data, month and year
of diagnosis, cancer site, and stage at diagnosis. The Medicare data include
date of death (if applicable) and claims for beneficiaries with fee-for-
service coverage. All claims include dates of service and codes for diagnoses
and procedures from the International Classification of Diseases, Ninth
Revision, Clinical Modification; Healthcare Common Procedure Coding
System; or National Drug Code. Each claim includes Medicare payments
and patient deductibles and copayments.

Sample
We selected all beneficiaries age 65 years and older with a meta-

static first and only primary NSCLC diagnosis from 2000 through 2011
and treated with an antineoplastic agent defined as either chemotherapy
or molecularly targeted therapies bevacizumab or erlotinib (N 5
22,163). The observation period was 12 months after the month of
diagnosis for the analysis of treatment and spending. The inclusion of
a 12-month assessment period captures most treatment of most pa-
tients, given that the median survival was 9.2 months in 2010. Patients
were excluded if they had more than one cancer, the month of diagnosis
was unknown, or if they were identified through death certificate or
autopsy. We selected patients continuously enrolled in Medicare Parts A
and B fee-for-service coverage because services were not reported while
beneficiaries were enrolled in managed care plans. In addition, we
excluded 126 beneficiaries who had no payments associated with their
Medicare claims.

Erlotinib is an oral agent used to treat advanced-stage NSCLC and is
not covered under Medicare Part B, the data source for infusion agents.
Therefore, we extracted claims from Part D data for patients enrolled in the
Medicare Prescription Drug Coverage program. Enrollment is voluntary
and applies only to the subset of beneficiaries who enroll. These data were
available starting in 2007. Within the advanced NSCLC sample from 2007
to 2011, 5,145 patients were enrolled in Medicare Part D and met the study
inclusion and exclusion criteria. Figure 1 shows the sample selection
process.

Antineoplastic Agents
We identified antineoplastic agents and reported trends in the per-

centage of patients who received these agents (ie, cisplatin, carboplatin,
paclitaxel, docetaxel, vinorelbine, gemcitabine, etoposide, irinotecan,
pemetrexed, bevacizumab, erlotinib). Dates on the claims allowed us to
determine the start and stop dates for specific drugs; however, we could not
identify combinations given the varied timing for administering specific
drugs in a regimen (Data Supplement).

We also estimated the average number of days patients received any
antineoplastic agent. Similarly, we estimated the average number of days
between the last antineoplastic administration to death and the percentage
of patients who received treatment in the last 30 days of life.

Medical Care Spending
To estimate the average spending per patient, we used the amount

paid by Medicare.10-12 We added patient copayments and deductibles to
the Medicare claims to estimate total spending. All claims were included in
the estimates because all patients had advanced disease and received an
antineoplastic agent, which lent confidence that most claims were related
to cancer. Spending is presented separately for patients who are enrolled in
Medicare Part D. No information about the use of oral agents is available
for patients without Part D coverage. We deconstructed spending estimates
by acute inpatient stays and outpatient care, which encompasses outpatient
services, including infusions and physician claims found in the National
Claims History file. These data reveal how other aspects of care are altered
by the adoption of new agents. Medicare payments were standardized using
the Consumer Price Index–All Urban Consumers. We report all estimates
in 2012 dollars.

Statistical Analysis
Treatment utilization. We used separate multivariable logistic re-

gression analyses to estimate probabilities of receiving each of 11 types of
treatment and used linear regression to estimate length of treatment by
year of diagnosis and adjusted for patient sex, age, race, months of survival,
and registry. We report results as predicted marginals, which are calculated
by averaging the estimated probabilities of receiving treatment (or mean
treatment days) under the assumption that the entire cohort received

Patients with known month of diagnosis, not diagnosed at death
or through autopsy

(133 removed; n = 90,393)

Patients continuously enrolled in Medicare Parts A and B
fee-for-service coverage 12 months after

diagnosis or until death (5,429 removed; n = 84,938)

Patients with a claim for antineoplastic therapy within
12 months of diagnosis or before death

(62,649 removed; n = 22,289)

Patients with payments associated with Medicare
claims, 2000-2011 (126 removed)

Final sample
(N = 22,163)

Patients continuously enrolled 12 months after diagnosis or
until death in Medicare Part D 2007-2011
(n = 5,145; used for subset analysis only)

Patients with positive days of survival
(26 removed; n = 90,367)

Patients with newly diagnosed advanced-stage NSCLC and no
other cancer, age 65 years and older,

2000-2011
(N = 90,526)

Fig 1. Sample derivation. Newly diagnosed advanced-stage non–small-cell lung
cancer (NSCLC) in patients age 65 years and older treated with antineoplastic
agents, SEER-Medicare, 2000 to 2011.
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a diagnosis in each calendar year.13 Predicted marginals standardize
outcomes to the entire study sample for covariance imbalance in calendar
years13,14 and can be interpreted as percentages for logistic models and
means for linear models. Predicted marginals were estimated by using the
SUDAAN procedures PROC LOGISTIC (RLOGIST) for dichotomous
outcomes and PROC REGRESS for continuous outcomes (RTI In-
ternational, Research Triangle Park, NC). Models were adjusted for cat-
egorical covariates year of diagnosis, 5-year age-group at diagnosis, sex,
ethnicity, and SEER registry. Statistically significant trends were de-
termined by using the Wald test at P , .05.

Spending. We used a two-part model to first estimate the probability
of positive spending and then the mean spending per patient for those who
had positive spending. We used multivariable gamma regression analyses
with a log link (SAS PROC NLMIXED; SAS Institute, Cary, NC).

Survival. We estimated unadjusted median and mean survival by
year and report survival for a 24-month period after diagnosis. Because
follow-up information was incomplete in 2013, we included cases di-
agnosed in 2000 to 2010. The last observation date was December 31, 2012.
Statistical significance of changes in survival was determined from the log-
rank test. Mortality was measured as all-cause mortality. A prior study
reported that among patients with advanced lung cancer, 92.3% have
cancer as the cause of death on their death certificate.14 We estimated
a multivariable Cox proportional hazards regression model by using the
SAS PROC PHREG procedure to adjust hazard ratios (HRs) for patient sex,
age, ethnicity, and registry. Use and spending during the study years varied
little by year; therefore, we report findings for the first year of the study
(2000), the intermediate years (2004 and 2007), and 2011. All years an-
alyzed are reported for survival estimates.

RESULTS

Descriptive Statistics
Table 1 lists the characteristics of the sample. Slightly more

than one half of the patients weremale. Most patients were younger
than age 80 years, with a trend toward increasingly more patients in
older age-groups during the later years of the study. Approximately
80% of patients were non-Hispanic whites. Age and ethnicity
distributions were similar for the subset of patients with Medicare
Part D coverage and the full sample, although a smaller percentage
was male.

Treatment Patterns
Between 2000 and 2011, several agents declined in usage,

including paclitaxel (58% to 39%), gemcitabine (32% to 17%), and
vinorelbine (24% to 6%; Table 2). The percentage of patients who
received cisplatin, docetaxel, irinotecan, and etoposide remained
about the same. The percentage of patients who received carbo-
platin increased slightly (67% to 74%), and carboplatin was the
most commonly prescribed agent for advanced-stage NSCLC in all
years. Newer agents such as pemetrexed, bevacizumab, and erlo-
tinib were rapidly adopted.

In 2000, the average number of days of chemotherapy
treatment was 103. In 2011, the average number of days of che-
motherapy or combination of chemotherapy and a targeted agent
was 108. The average treatment duration for patients who received
pemetrexed, bevacizumab, or erlotinib was 146 days in 2011. In
contrast, the average number of days for patients who did not
received these treatments was 75 in 2011. The percentage of pa-
tients who received treatment in the last 30 days of life remained
unchanged (approximately 44%).

Spending
Table 3 lists the adjusted mean Medicare and total spending

per patient per year from the multivariable regression models.
Medicare and total spending increased modestly from $66,460 in
2000 to $72,074 in 2011 and from $80,123 in 2000 to $85,087 in
2011, respectively. With the increased use of targeted agents, the
expectation was that Medicare spending would have risen more
substantially. However, increases in outpatient spending were offset
by decreases in inpatient use. The total average acute inpatient
spending decreased from $29,376 in 2000 to $23,731 in 2011,
a decrease of. $5,000 per patient. In contrast, outpatient spending
increased from $37,931 in 2000 to $46,642 in 2011, which reflects
an increase of 23%. For the subset of patients with Medicare Part D
prescription drug coverage, Part D total gross drug spending in-
creased from $6,617 in 2007 to $8,177 in 2011, which reflects
a 24% increase. Part D beneficiaries had nearly a 9% increase in
total Medicare spending from 2007 to 2011; this increase is
marginally statistically significant (P 5 .07).

Survival
Table 4 lists adjusted HRs for patients in the full sample and

patients with Medicare Part D coverage. Starting in 2003, statis-
tically significant survival gains were observed relative to the

Table 1. Descriptive Statistics of Patients With Advanced-Stage Non–Small-
Cell Lung Cancer at Diagnosis and TreatedWith Antineoplastic Agents, SEER-

Medicare Data

Statistic

Year (%)

2000 2004 2007 2011

No. of patients 1,912 1,857 1,871 2,022
Male sex 58.6 56.9 53.7 53.3
Age, years
65-69 31.1 30.9 32.7 31.0
70-74 32.4 30.2 27.7 27.3
75-79 23.9 24.9 22.2 22.2
80-84 10.1 11.3 12.9 14.1
$ 85 2.5 2.7 4.5 5.4

Ethnicity
Non-Hispanic white 83.7 84.0 81.6 80.6
Non-Hispanic black 8.9 8.3 8.2 8.1
Hispanic 3.5 3.4 3.5 4.2
Other 3.9 4.3 6.7 7.2

Medicare Part D sample
No. of patients NA NA 939 1,101
Male sex NA NA 48.0 48.6
Age, years
65-69 NA NA 33.2 30.7
70-74 NA NA 25.7 28.1
75-79 NA NA 22.4 21.9
80-84 NA NA 13.8 13.5
$ 85 NA NA 4.9 5.8

Ethnicity
Non-Hispanic white NA NA 77.8 77.0
Non-Hispanic black NA NA 8.2 8.0
Hispanic NA NA 4.5 4.9
Other NA NA 9.5 10.1

NOTE. Statistics are unweighted column percentages. Sample is limited to
Medicare beneficiaries age$ 65 years with continuous enrollment in Parts A and
B. The Part D subsample is limited to those who were also continuously enrolled
in Part D.
Abbreviation: NA, not applicable.
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reference year 2000 (HR, 0.92; 95% CI, 0.86 to 0.99). For 2010, we
report an HR of 0.78 (95% CI, 0.73 to 0.84) relative to survival in
2000. Adjusted HRs for Part D beneficiaries were not statistically
significantly different from 2007. Although adjusted HRs for the
full sample are statistically significant relative to year 2000, the
absolute gain in survival was small. As listed in Table 2, median
survival in 2000 was 7.7 months, and in 2010 it was 9.2 months, an
increase of 1.5 months (P , .001).

DISCUSSION

We examined trends in antineoplastic agents used to treat
advanced-stage NSCLC in elderly Medicare fee-for-service patients
for a 12-year period. Several findings have clinical and policy
relevance. First, a major shift has occurred in the agents used to
treat advanced NSCLC, and this shift is accompanied by increased
treatment duration. Second, median survival increased modestly.
Finally, with the use of newer, more-expensive agents, one would
have expected medical spending to increase substantially, but
instead, spending rose only slightly over the study period; this was
largely due to offsets in inpatient use.

Older drugs declined in use, whereas newer agents, such as
pemetrexed, erlotinib, and bevacizumab (all approved in 2004),
were rapidly adopted to treat patients with metastatic NSCLC.
Along with the adoption of these agents came a marked increase
in treatment duration. Patients treated with newer drugs aver-
aged approximately 146 days on therapy, which is approximately
5 weeks longer than the duration for those who did not receive
these agents. Longer treatment durations are associated with these
agents as well as increased cumulative toxicities,15,16 increased
spending, and modest survival benefits.17,18 Because these treat-
ments are used with greater frequency and as first-line therapy, we
can expect treatment durations to extend in the future.

A pattern that remained unchanged is the length of time
patients are treated before death and the percentage of patients
treated within the last 30 days of life. Almost one half (44%) of
patients received chemotherapy or a targeted agent within the last
30 days of life, regardless of year of diagnosis. Current practice is to
treat patients until evidence of disease progression, after which
time patients may live only a few weeks.

In 2000, the median survival was 7.7 months. In a prior
analysis of SEER-Medicare data (2006 through 2009), Langer et al19

reported that patients treated with bevacizumab had a median

Table 2. Antineoplastic Treatment and Survival Among Patients With Advanced-Stage Non–Small-Cell Lung Cancer and Treated With Antineoplastic Agents, 12
Months After Diagnosis, SEER-Medicare Data

Treatment

Predicted Marginal (95% CI)

2000
(n = 1,912)

2004
(n = 1,857)

2007
(n = 1,871)

2011
(n = 2,022)

Diff.
2011-2000 P*

Declining use
Paclitaxel 58.0 (55.8 to 60.1) 51.7 (49.5 to 53.9) 50.7 (48.5 to 52.9) 38.7 (36.6 to 40.8) 219.3 , .001
Vinorelbine 24.4 (22.6 to 26.4) 9.9 (8.7 to 11.4) 6.4 (5.4 to 7.6) 5.7 (4.8 to 6.8) 218.7 , .001
Gemcitabine 32.3 (30.2 to 34.4) 32.2 (30.1 to 34.3) 26.9 (25.0 to 29.0) 17.0 (15.4 to 18.6) 215.3 , .001

Incremental change
Cisplatin 6.9 (5.8 to 8.1) 7.5 (6.4 to 8.8) 7.4 (6.3 to 8.7) 8.2 (7.1 to 9.4) 1.3 , .001
Carboplatin 67.0 (65.0 to 69.0) 75.2 (73.3 to 77.1) 74.1 (72.2 to 76.0) 73.9 (72.0 to 75.7) 6.9 , .001
Docetaxel 16.8 (15.2 to 18.5) 23.5 (21.7 to 25.5) 20.3 (18.5 to 22.1) 16.0 (14.5 to 17.7) 20.8 , .001
Irinotecan 1.4 (1.0 to 2.1) 1.1 (0.7 to 1.7) 0.5 (0.3 to 1.0) 0.4 (0.2 to 0.8) 21.0 , .001
Etoposide 4.0 (3.3 to 5.0) 3.1 (2.4 to 4.0) 4.5 (3.7 to 5.5) 3.2 (2.5 to 4.1) 20.8 .6884

Increased use
Pemetrexed NA 7.1 (6.1 to 8.4) 19.3 (17.7 to 21.1) 39.2 (37.2 to 41.3) 32.1† , .001
Erlotinib‡ NA NA 26.6 (24.1 to 29.4) 20.3 (18.2 to 22.7) 26.3§ , .001
Bevacizumab NA 0.7 (0.4 to 1.2) 20.2 (18.5 to 22.1) 18.9 (17.3 to 20.7) 18.2† , .001

Length of treatment
Mean days from first to last
treatment (all agents)

102.8 (99.3 to 106.4) 93.4 (90.0 to 96.9) 100.1 (96.3 to 103.9) 107.6 (103.7 to 111.5) 4.8 , .001

Mean days from first to last
treatment of patients who
received pemetrexed,
erlotinib, or bevacizumab

NA 130.7 (113.7 to 147.7) 141.3 (134.8 to 147.8) 145.6 (140.0 to 151.3) 14.9† , .001

Mean days from first to last
treatment (all other drugs)

97.0 (93.4 to 100.6) 85.6 (82.1 to 89.0) 74.5 (70.5 to 78.5) 75.2 (70.6 to 79.7) 221.8 , .001

Any treatment in the last
30 days of life, %

44.0 (41.6 to 46.5) 48.5 (45.9 to 51.2) 47.9 (45.2 to 50.6) 43.7 (41.0 to 46.4) 20.3 .8667

Survival
Median months of survival 7.7 8.6 9.3 9.2k 1.5¶ , .001
Mean months of survival 10.0 10.7 11.5 11.5k 1.5¶ NA

NOTE. Survival measured for 24 months after diagnosis.
Abbreviations: Diff., difference; NA, not applicable.
*P value for trend based on 2000-2011 (N = 22,163).
†Difference between 2011 and 2004 drug use.
‡Beneficiaries enrolled in Parts A, B, and D only (n = 939 for 2007 and n = 1,101 for 2011).
§Difference between 2011 and 2007 drug use.
kBased on 2010 survival data.
¶Difference between 2010 and 2000 for survival.
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survival of 10.5 months relative to the 8.5 months of survival in
patients not treated with bevacizumab. Erlotinib added to regimens
that included bevacizumab modestly increased survival in patients
with epidermal growth factor receptor mutations, but survival
benefits are not observed in patients without these mutations.20,21

The trend toward value-based care underscores the need for in-
formation to help patients and physicians to decide whether to

pursue treatments that may offer modest survival benefit in ex-
change for toxicities and significant medical expenditures. Patients
with advanced-stage NSCLC face a daunting challenge because their
mean and median survival times are shorter than those for patients
with other types of metastatic disease, such as breast and colorectal
cancer.

Spending on outpatient care increased 23% from 2000 to
2011. Outpatient spending increases were due to use of more-
expensive agents and longer therapy duration. The monthly costs
of $5,551, $6,374, and $5,231 for bevacizumab, pemetrexed, and
erlotinib, respectively, contrasted with older agents, such as cis-
platin ($454 per month) and vinblastine ($586/month).22 Na-
tionally, it is estimated that there will be 224,390 new cases of
advanced NSCLC in 2016, of which 85% are NSCLC and 70% of
those aremetastatic (n = 133,512).1 Using estimates from our study
that predicted the number of patients taking antineoplastic agents,
we expect monthly drug spending to be nearly $36 million, $87
million, and $37 million for those treated with bevacizumab,
pemetrexed, and erlotinib, respectively, not including the cost of
other agents and supportivemedications associated withmultidrug
regimens. Increasingly, Medicare beneficiaries are facing higher
rates of coinsurance, leading to higher out-of-pocket costs for
patients and their families.23

Total medical spending remained somewhat stable over the
study period for the full sample, which is notable given the marked
increase in the use of bevacizumab, pemetrexed, and erlotinib. The
stability of total spending for advanced-stage NSCLC treatment
reflects a reduced use of inpatient hospitalizations. Were drug
spending more modest, the reduced hospital use could have
resulted in a savings to the Medicare program for this highly

Table 3. Mean Spending Per Patient With Advanced-Stage Non–Small-Cell Lung Cancer and Treated With Antineoplastic Agents, 12 Months After Diagnosis, SEER-
Medicare Data, by Multivariable Regression Models

Sample

Mean Spending ($)

Difference 2011-2000 P*
2000

(n = 1,912)
2004

(n = 1,857)
2007

(n = 1,871)
2011

(n = 2,022)

Medicare spending
Acute inpatient 29,376 25,393 24,991 23,731 25,645 , .001
Outpatient 37,931 45,442 42,333 46,642 8,711 , .001
All other spending 12,874 13,207 13,100 13,873 999 , .001
Medicare† 66,460 69,448 67,820 72,074 5,614 , .001
Total spending‡ 80,123 82,864 80,226 85,087 4,964 .0163

Part D beneficiaries
No. of patients NA NA 939 1,101
Acute inpatient NA NA 26,156 24,298 21,858 .006
Outpatient NA NA 39,558 45,929 6,371 , .001
Part D drug spending NA NA 6,617 8,177 1,560 .001
All other spending NA NA 13,810 14,317 507 .6862
Medicare† NA NA 72,923 79,706 6,783 .0561
Total spending‡ NA NA 85,890 93,356 7,466 .0705

NOTE. Spending is adjusted for patient sex, age, ethnicity, registry, and months of survival and are specific to the population 65 years of age and older. Spending is
calculated as the amount reimbursed by Medicare and patient copayments and deductibles as reported in claims files. Average spending is reported in 2012 dollars.
Acute inpatient spending includes only short-stay hospitalizations from the Medicare Provider Analysis and Review file. Outpatient spending includes all claims from
outpatient files and any National Claims History claims that indicated that treatment took place at an outpatient facility. All other spending includes long-stay hos-
pitalizations and skilled nursing facility claims from the Medicare Provider Analysis and Review file; National Claims History claims that did not occur at outpatient
facilities, hospice, and home health agencies; and durable medical equipment claims.
Abbreviation: NA, not applicable.
*P values are from F test. The P value for the entire sample trend is based on 2000 through 2011 (N = 22,163). The P value for theMedicare Part D beneficiaries trend is
based on 2007 through 2011 (n = 5,145).
†Medicare spending only.
‡Medicare spending plus patient copayments and deductibles.

Table 4. All-Cause Mortality in Patients With Newly Diagnosed Advanced-
Stage Non–Small-Cell Lung Cancer Treated With Antineoplastic Agents,

24 Months After Diagnosis, SEER-Medicare Data, 2000 to 2010

Year of Diagnosis

Full Sample
(n = 20,141),
HR (95% CI)

Medicare Part D Only
(n = 4,044),
HR (95% CI)

2000 Reference NA
2001 1.00 (0.93 to 1.07) NA
2002 0.99 (0.92 to 1.06) NA
2003 0.92 (0.86 to 0.99) NA
2004 0.89 (0.83 to 0.96) NA
2005 0.87 (0.81 to 0.93) NA
2006 0.82 (0.77 to 0.88) NA
2007 0.80 (0.75 to 0.86) Reference
2008 0.79 (0.74 to 0.84) 0.96 (0.87 to 1.06)
2009 0.80 (0.74 to 0.85) 1.00 (0.91 to 1.10)
2010 0.78 (0.73 to 0.84) 0.94 (0.85 to 1.04)

NOTE. Survival data are not complete for patients given a diagnosis in 2011.
Therefore, the survival analysis was conducted for patients given a diagnosis in
2000 through 2010. By excluding patients given a diagnosis in 2011 from survival
analysis, the full sample (N = 22,163) was reduced to 20,141, and the Part D
sample to 4,044 observations. Analyses were adjusted for the effects of age,
sex, ethnicity, and registry.
Abbreviations: HR, hazard ratio; NA, not applicable.
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prevalent disease. However, bevacizumab and pemetrexed are
among the 10 most expensive drugs covered by Medicare Part B,
with total annual payments approaching $882 million.24 Total
Medicare spending increased for patients with Part D coverage by
approximately 9%. However, spending on drugs increased by 24%
from 2007 to 2011. Erlotinib, with 2014 monthly costs. $5,200,22

was the fourth leading oral oncologic drug sold in the United States
in 2013.25

This study has limitations. Although we used the most re-
cently available SEER-Medicare data, the last observation year for
diagnosis was 2011, and the last year for vital status was 2013. We
do not have information on patients’ functional status, quality of
life, or toxicities and morbidity associated with treatment. This
information would lend insight into the value of treatments re-
ceived for particular patient profiles. We do not estimate spending
beyond 12 months. Therefore, total spending is incomplete for
patients who survived beyond 12 months. However, the median
survival was 9.2 months in 2010; therefore, we are comfortable that
we captured spending for the majority of the sample. We also do
not have information about variation in the practice patterns and
outcomes that may result from regional difference or the types of
facilities that deliver care. Research has demonstrated that regional
Medicare spending variations are not associated with survival
difference for patients with advanced-stage NSCLC.26 Finally,
information about oral agents such as erlotinib is only available for
the subset of patients enrolled in Medicare Part D. Therefore, the
generalizability of the estimates for erlotinib use is unknown,
although in this study, patient characteristics were similar for those
enrolled in Part D and the remainder of the Medicare sample.

Between 2000 and 2011, major changes occurred in the agents
used to treat advanced-stage NSCLC. Along with these changes
came an increase in treatment duration and a modest increase in
survival and spending. Taken together, we believe that these
findings are an excellent example of the constellation of charac-
teristics that make value-based decisions in health care so chal-
lenging. Value-based decisions, as promoted by ASCO,27 urge
providers and patients to consider clinical benefit, toxicities, and
costs in their treatment decisions.24 In advanced NSCLC, only
a subset of patients will realize benefit, and many patients will
experience toxicities that reduce their quality of life. Moreover,

patient responsibility for total spending is substantial (approxi-
mately $13,000 in 2011 alone). To make a rational value-based
decision to try new agents for advanced NSCLC, more patient-level
data on the likelihood of benefit, toxicities, and conditions (eg,
comorbidities) that could alter these outcomes are needed. This
evidence becomes more critical as new agents are rapidly approved.
The Food and Drug Administration added 15 new cancer drugs
and biologics in 2015,28 and spending for new, expensive agents has
been rising more rapidly than the other components of cancer care
cost.29 New specialty drugs, such as those used to treat cancer, have
been a major driver in the rapid increase in prescription drug
expenditures.30 Patients with cancer and their families bear
a significant portion of the financial burden. In a national survey,
approximately one quarter of families who experienced a cancer
death within the last year reported that the cost of care was
a major financial burden; one third used all or most of their
savings.31 For these reasons, an understanding of how practice
patterns for highly prevalent cancers such as advanced-stage
NSCLC are changing over time and how these changes affect
medical care costs and affect patient outcomes is important. More
evidence is needed to weigh the benefit of these agents against
their costs and the possibility of savings with lower prices and
lower inpatient use.
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