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A B S T R A C T

Purpose
Lung cancer is the leading cause of cancer-related mortality. Intensive care unit (ICU) use among
patients with cancer is increasing, but data regarding ICU outcomes for patients with lung cancer
are limited.

Patients and Methods
We used the Surveillance, Epidemiology, and End Results (SEER) –Medicare registry (1992 to
2007) to conduct a retrospective cohort study of patients with lung cancer who were admitted to
an ICU for reasons other than surgical resection of their tumor. We used logistic and Cox
regression to evaluate associations of patient characteristics and hospital mortality and 6-month
mortality, respectively. We calculated adjusted associations for mechanical ventilation receipt with
hospital and 6-month mortality.

Results
Of the 49,373 patients with lung cancer admitted to an ICU for reasons other than surgical resection,
76% of patients survived the hospitalization, and 35% of patients were alive 6 months after discharge.
Receipt of mechanical ventilation was associated with increased hospital mortality (adjusted odds ratio,
6.95; 95% CI, 6.89 to 7.01; P � .001), and only 15% of these patients were alive 6 months after discharge.
Of all ICU patients with lung cancer, the percentage of patients who survived 6 months from discharge
was 36% for patients diagnosed in 1992 and 32% for patients diagnosed in 2005, whereas it was 16%
and 11% for patients who received mechanical ventilation, respectively.

Conclusion
Most patients with lung cancer enrolled in Medicare who are admitted to an ICU die within 6
months of admission. To improve patient-centered care, these results should guide shared
decision making between patients with lung cancer and their clinicians before an ICU admission.

J Clin Oncol 30:1686-1691. © 2012 by American Society of Clinical Oncology

INTRODUCTION

Lung cancer is the leading cause of cancer-related
mortality in the United States (US).1 The percentage
of patients with cancer who receive care in an inten-
sive care unit (ICU) at the end of life is increasing.2-4

Approximately 1%5 of the 55,000 patients cared for
daily in ICUs6 are admitted for cancer-related organ
failure, and 16% of these patients may be diagnosed
with lung cancer.7 Mortality estimates for patients
with lung cancer admitted to ICUs have varied widely
and were based on small cohorts.8-15 Despite recent
improvements in the care of critically ill patients,16-19

and the hope that these improvements apply to pa-
tients with lung cancer,20 to our knowledge, no studies
have examined temporal trends in outcomes among
critically ill patients with lung cancer. Finally, patients

older than 65 years comprise 56% of all ICU admis-
sions,6 and long-term survival among this popula-
tion is low, particularly among beneficiaries who
receive mechanical ventilation (MV).21

A better understanding of mortality trends and
factors associated with mortality may lead to more
informed patient-clinician discussions about the
prognosis of critical illness among patients with lung
cancer. Accordingly, we sought to evaluate the out-
comes of patients with lung cancer admitted to an
ICU for reasons other than surgical tumor resection.

PATIENTS AND METHODS

Design and Setting

We conducted a retrospective cohort study by using
the Surveillance, Epidemiology, and End Results (SEER)
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–Medicare registry, which is a publicly available database from the National
Cancer Institute. The SEER program collects information regarding cancer
site, stage, and histology for persons newly diagnosed with cancer who reside in
one of the SEER geographic areas. The master enrollment file of Medicare is
used to identify which persons in SEER are Medicare beneficiaries and is
accurate for the identification of SEER registry cases for people older than 65
years.24 For people who are Medicare eligible, the SEER-Medicare data include
claims for covered health care services, including hospital, physician, and
hospice bills. We used data from the Patient Entitlement and Diagnosis File
and the Medicare Provider Analysis and Review (MedPAR) file. We con-
ducted the study under a data-use agreement with the Centers for Medicare
and Medicaid Services (CMS) and received approval from the institutional
review board of the Portland Veterans Affairs Medical Center.

Patients

Patients were eligible if they were identified in SEER as receiving a
diagnosis of lung cancer between 1992 and 2005 (N � 324,509) and were also
enrolled in Medicare during that time. Medicare-use data were available
through 2007. We sequentially excluded patients whose lung cancer was diag-
nosed at autopsy or on a death certificate only (n � 7,650), patients with an in
situ stage (n � 195), patients younger than 66 years at the time of diagnosis
(n � 56,048), patients initially enrolled in Medicare through the Social Secu-
rity Disability Income mechanism (n � 25,078), and patients enrolled in
health maintenance organizations between 1 year before and 5 years after a
lung cancer diagnosis (n � 59,629) because these patients had incomplete
claims data and, therefore, were excluded from previous studies that have used
Medicare billing records.21,25-30 Patients with more than one primary cancer
diagnosis were included, but dates and histologies were based on the lung
cancer diagnosis. If patients had more than one diagnosis of primary lung
cancer, the date of the first diagnosis was used. Finally, patients admitted to an
ICU whose discharge date was after their date of death (n � 153) were
excluded from all analyses because this likely indicated data-entry errors.

ICU Admission

An ICU admission for reasons other than postoperative surgical lung
cancer resection (hereafter described as ICU admission unless otherwise spec-
ified) was defined as (1) a MedPAR ICU room charge and/or a procedure code
for MV by using the International Classification of Diseases (ninth edition)
procedure codes (96.70 to 96.72) in any of the six procedure fields, or a
diagnosis related group code that indicated MV (475 or 483) and (2) ICU
admissions that occurred greater than 30 days (pre and post) of recording a
surgical lung resection procedural code (32.1 to 32.59).31 We only evaluated
ICU admissions that occurred up to 5 years after the diagnosis of lung cancer
through 2007. Unless specified, we report the first occurrence of an ICU
admission for patients with more than one ICU admission.

Covariates

We obtained age, sex, race/ethnicity, histology, and stage at diagnosis from
SEER. Incomeclassificationwasbasedonthezipcodeof thesubjectas suppliedby
the CMS according to year 2000 census estimates. We calculated a comorbidity
index on the basis of inpatient Medicare data from 1 year before the index ICU
admissionbyusingtheDeyoadaptationof theCharlsonindex32 withtheprogram
supplied by the National Cancer Institute.33 ICU type was obtained from Med-
PAR. Hospital characteristics (number of beds and teaching status) were based on
data supplied by the CMS. The 22 discharge destination codes used by MedPAR
were reduced to home, another hospital, skilled nursing facility (SNF), or hospice
and were used to estimate functional status at discharge. Procedure codes that
included noninvasive ventilation (93.90 and 93.92) were tallied separately from
MV. The date of death was obtained from MedPAR with the last date recorded
through June 2008. Patients whose date of death was the same day as the date of
discharge from the hospital were coded as not surviving the hospital stay.

Analysis

All statistical analyses were performed by using SAS (Version 9.2; SAS
Institute, Cary, NC) and SPSS (Version 19.0; SPSS, Chicago, IL). Descriptive
statistics included counts with frequencies, means with ranges, and counts per
year. Odds ratios were calculated for associations with hospital mortality. We
calculated hazard ratios with Cox regression models with the time measured

from hospital admission to death or censorship before 6 months after admis-
sion. For the adjusted analyses of associations of MV with hospital mortality
and 6-month mortality, we a priori adjusted for age (in 5-year increments),
sex, race/ethnicity (white, black, or other race), income (in $15,000 incre-
ments), comorbidity index (0, 1, 2, or � 3), year of lung cancer diagnosis
(continuous), histologic type of cancer (non–small-cell lung cancer, small-cell
lung cancer, and unknown), stage (local, regional, distant, and unknown),
time from diagnosis to being admitted (divided in quartiles), teaching status
(teaching v nonteaching), number of beds (� 250, 251 to 449, and � 450), and
type of ICU (medical, cardiac, intermediate, and other). We examined the
associations of MV with mortality for effect modification by race/ethnicity,
histology, and stage at diagnosis. To assess for effect modification, likelihood
ratio tests were conducted to assess interactions between the variables of
interest. A variable was classified as an effect modifier if the P value for the
interaction was less than 0.05.

RESULTS

Survival Among Patients With Lung Cancer With and

Without Mechanical Ventilation

We identified 175,756 patients with lung cancer. From this co-
hort, 49,373 patients (28%) had at least one ICU admission for reasons
other than surgical resection of their lung cancer during the 5-year
period after diagnosis and/or through 2007 (Table 1). After the first
ICU admission, 37,748 patients (76%) survived to hospital discharge,
and 17,099 patients (35%) were still alive 6 months after discharge. Of
hospital survivors after an ICU admission, 24,846 patients (66%) were
discharged to home, 3,475 patients (9%) were discharged to another
hospital, 6,853 patients (18%) were discharged to a SNF, and 1,463 pa-
tients (4%) were discharged to hospice. Of the 15,528 patients with an
intermediatetypeofICUcodebutwithoutacodeforMV,14,054patients
(91%) survived the hospitalization, and of these patients, 72% of patients
weredischargedtohome,16%ofpatientsweredischargedtoanSNF,and
6.1% of patients were discharged to another hospital. Six months after
discharge, 41% of all intermediate care ICU patients were still alive.

Of all ICU patients with lung cancer, 10,463 patients (21%)
received MV, 4,325 (41%) of whom survived the hospitalization.
Among patients with lung cancer who received MV and survived
hospitalization, 46%, 27%, and 5% of patients were discharged to
home, SNF, and hospice, respectively. Of 587 patients with a code for
noninvasive ventilation, 58% of patients were discharged, and of these
patients, 58%, 22%, and 10% of patients were discharged to home,
SNF, and hospice, respectively. At 6 months after discharge, 15% of
patients who received MV were alive, whereas 19% of patients who
received noninvasive ventilation were alive.

Factors Associated With Mortality

Univariate associations of multiple factors with hospital and
6-month mortality are shown in Table 2. Age was relatively weakly
associated with hospital mortality. Notably, the number of comor-
bidities was not associated with hospital mortality, although it was
weakly associated with 6-month mortality. The receipt of MV was
strongly associated with increased hospital mortality (odds ratio, 8.65;
95% CI, 8.60 to 8.70; P � .001) and 6-month mortality (hazard ratio,
2.49; 95% CI, 2.52 to 2.46; P � .001). Compared with care in a
higher-acuity medical ICU, intermediate-level ICU care was associ-
ated with a decreased risk of hospital mortality (odds ratio, 0.29; 95%
CI, 0.23 to 0.35; P � .001) and 6-month mortality (hazard ratio, 0.74;
95% CI, 0.71 to 0.77; P � .001).

ICU Outcomes for Patients With Lung Cancer
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Compared with not receiving MV, the adjusted associations for
MV receipt were 6.95 (95% CI, 6.89 to 7.01; P � .001) with hospital
mortality and 1.21 (95% CI, 1.16 to 1.26; P � .001) for 6-month
mortality. The associations of MV receipt with hospital and
6-month mortality were not modified by race/ethnicity and lung cancer
histology but were for stage (P for interaction � .001). For hospital mor-
tality, the direction of the association was similar although lower in mag-
nitude for distant stage (local stage, 7.94; 95% CI, 6.85 to 9.21; P � .001 v
distant stage, 6.15; 95% CI, 5.65 to 6.70, P � .001).

Trends Over Time Among Patients With Lung Cancer

The percentage of patients with lung cancer who survived to
hospital discharge after their first ICU admission was 76% for patients
diagnosed in 1992 and 78% for patients diagnosed in 2005 (Fig 1A).
For patients who received MV, the percentage of patients alive at
discharge was 44% for patients diagnosed in 1992 and 40% for patients
diagnosed in 2005. Of all ICU patients, the percentage of patients who
survived6monthsfromdischargewas36%forpatientsdiagnosedin1992
and 32% for patients diagnosed in 2005, whereas it was 16% and 11%,
respectively, for patients who received MV (Fig 1B).

During the study period, the percentage of overall ICU patients
who survived hospitalization who were discharged to home was 76%
for patients diagnosed in 1992 and 64% for patients diagnosed in 2005.
Discharges to an SNF or hospice increased from 14% to 20% and 0%
to 10%, respectively. For patients diagnosed in 1992 who survived to
hospital discharge after receiving MV, 60%, 21%, and 0% of patients
were discharged to home, SNF, or hospice, respectively; 45%, 30%,
and 16% of patients were discharged to home, SNF, or hospice, re-
spectively for patients diagnosed in 2005.

Table 1. Patient Demographics and Clinical Characteristics of Cohort
Stratified by ICU Admission, Hospital Survival After ICU Admission, and

6-Month Survival After ICU Admission

Demographic or
Characteristic

Total ICU
Admissions
(N � 49,373)

Hospital
Survivors

(n � 37,748)

6-Month
Survivors

(n � 17,099)

No. of
Patients %

No. of
Patients %

No. of
Patients %

Age, years
65-69 9,984 20.2 7,758 20.6 3,882 22.7
70-74 14,384 29.1 11,068 29.3 5,320 31.1
75-79 13,060 26.4 9,929 26.3 4,427 25.9
80-84 7,923 16.1 6,031 16.0 2,446 14.3
85-89 3,159 6.4 2,307 6.1 812 4.8
� 90 863 1.8 655 1.7 212 1.2

Women 22,271 45.1 17,378 46.0 8,179 47.8
Race/ethnicity

Non-Hispanic white 41,650 84.6 32,147 85.4 14,723 86.3
Black 4,216 8.6 3,050 8.1 1,234 7.2
Other 3,350 6.8 2,438 6.5 1,104 6.5

Median annual income,
thousands of dollars�

� 15 9,263 19.8 6,882 19.2 3,306 20.4
15-29.9 6,211 13.3 4,728 13.2 1,968 12.2
30-44.99 12,376 26.4 9,568 26.7 4,205 26.0
45-59.99 9,719 20.7 7,511 21.0 3,423 21.1
60-74.99 4,914 10.5 3,731 10.4 1,712 10.6
� 75 4,371 9.3 3,362 9.4 1,580 9.8

Comorbidity†
0 37,367 75.7 28,612 75.8 13,227 77.4
1 5,312 10.8 4,061 10.8 1,846 10.8
2 3,582 7.3 2,727 7.2 1,110 6.5
� 3 3,112 6.3 2,348 6.2 916 5.4

Stage at diagnosis
Local 9,782 19.8 8,224 21.8 5,498 32.2
Regional 13,293 26.9 10,374 27.5 5,478 32.0
Distant 22,538 45.7 16,360 43.3 4,889 28.6
Unknown 3,760 7.6 2,790 7.4 1,234 7.2

Lung cancer histology
NSCLC 39,645 80.3 30,775 81.5 14,214 83.1
SCLC 6,488 13.1 4,589 12.2 1,849 10.8
Other 3,240 6.6 2,384 6.3 1,036 6.1

Teaching status
Teaching hospital 27,016 54.7 20,392 54.0 9,467 55.4
Nonteaching hospital 19,174 38.8 14,912 39.5 6,605 38.6
Unknown 3,183 6.5 2,444 6.5 1,027 6.0

Number of beds
� 250 19,888 40.3 15,299 40.5 6,671 39.0
251-449 18,191 36.8 13,927 36.9 6,332 37.0
� 450 8,193 16.6 6,145 16.3 3,097 18.1
Unknown 3,101 6.3 2,377 6.3 999 5.8

Assisted ventilation
Mechanical ventilation‡ 10,463 21.2 4,325 11.4 1,536 9.0
Noninvasive ventilation§ 587 1.2 341 1.0 113 0.6

Type of ICU
Medical 21,859 44.3 15,528 41.1 7,025 41.1
Surgical 1,590 3.2 1,191 3.2 616 3.6
Cardiac 6,290 12.7 4,232 11.2 1,898 11.1
Intermediate 15,932 32.3 14,259 37.8 6,494 38.0
Other 2,943 6.0 2,288 6.1 990 5.8
Unknown 759 1.5 250 0.7 76 0.4

(continued in next column)

Table 1. Patient Demographics and Clinical Characteristics of Cohort
Stratified by ICU Admission, Hospital Survival After ICU Admission, and

6-Month Survival After ICU Admission (continued)

Demographic or
Characteristic

Total ICU
Admissions
(N � 49,373)

Hospital
Survivors

(n � 37,748)

6-Month
Survivors

(n � 17,099)

No. of
Patients %

No. of
Patients %

No. of
Patients %

Discharge location
Home NA 24,846 65.8 13,418 78.5
Another hospital NA 3,475 9.2 1,122 6.6
Skilled nursing facility NA 6,853 18.2 2,030 11.9
Hospice NA 1,463 3.9 64 0.4
Other NA 1,111 2.9 465 2.7

Length of hospital stay, days
Median 7 7 6
IQR 4-12 4-12 3-10

Time from diagnosis, days
Median 76 76 120
IQR 19-328 19-347 23-509

NOTE. ICU admission was for nonsurgical reasons within 5 years of lung
cancer diagnosis. Numbers may not sum secondary to missing data, and
percentages are of nonmissing data.

Abbreviations: ICU, intensive care unit; IQR, interquartile range; NA, not
applicable; NSCLC, non–small-cell lung cancer; SCLC, small-cell lung cancer.

�According to zip code data supplied by the Centers for Medicare and
Medicaid Services.

†Deyo-Charlson for inpatient codes.
‡From procedure codes 96.7X and/or diagnosis-related group codes 475

or 483.
§From procedure codes 93.90 or 93.92.

Slatore et al

1688 © 2012 by American Society of Clinical Oncology JOURNAL OF CLINICAL ONCOLOGY



DISCUSSION

The incidence of patients with cancer who receive ICU care at the end
of life is increasing in both the United States2,34 and Canada.4 Among
Medicare beneficiaries with stage IIIB or IV lung cancer who died
within a year of diagnosis, 18% of patients received care in an ICU in
1993 compared with 25% of patients in 2003.3 In this large observa-
tional study, the percentage of patients with lung cancer admitted to
an ICU who survived hospitalization and were alive at 6 months did
not improve from 1992 to 2005. Of all patients with lung cancer
admitted to an ICU, about one quarter of patients died during the
hospitalization, one half of patients were discharged home, and the
rest of the patients were discharged to hospice, an SNF, or another
hospital. Less than 20% of patients who received MV were discharged
to home, and only 15% of patients were still alive 6 months after
discharge. Finally, MV receipt was strongly associated with increased
hospital mortality that was modestly modified by stage.2,34It was sur-
prising that hospital survival among patients with lung cancer admit-
ted to an ICU has not improved. Survival from respiratory failure and
sepsis has improved over the last two decades16-19 and a recent review
noted improvements in reported survival for critically ill patients with
lung cancer when recent to older publications were compared.20 A
possible explanation for our finding is that improvements in critical
care were balanced by increases in the illness severity of patients.
However, this explanation seems unlikely to fully explain the results
because mortality was stable over time, even in a more homogeneous
group of patients who received mechanical ventilation.

The ability to evaluate individual illness severity by using the
SEER-Medicare registry is limited, but patients in our study were
probably less severely ill than patients in previous reports; in-
hospital mortality was 25% compared with 22% to 85%8,10-15 in
previous studies. The lower mortality seen in our study may have
been partly due to our decision to include patients who received care
in an intermediate-level ICU. Intermediate care units provide care to
less acutely ill patients who often do not require life-sustaining ser-
vices. Patients also received MV less often than in previous studies
(21% compared with 40% to 91%, respectively).8,9,11-15 In addition,
traditional mortality predictors such as age and comorbidities were
weakly or not associated with hospital mortality, which suggested that
clinicians may restrict critical care interventions in older and more debil-
itated patients with lung cancer. Previous studies indicated that clinicians
make decisions to limit care on the basis of age and comorbidity,35 and
their perception of the risk of death is a strong predictor of decisions to
limit life-support interventions.36 By including patients cared for in inter-
mediate ICUs, combined with the factors described, we likely biased our
results toward better outcomes. More research into the use of ICU re-
sources may help elucidate how clinicians and patients with lung cancer
make decisions regarding the use of critical care.

Mechanically ventilated patients experienced increased mortality
compared with nonventilated patients, similar to what other studies
have shown among Medicare beneficiaries,21 patients with cancer in
general,37 and patients with lung cancer.8,11-15 As an example, 70% of
Medicare patients admitted to an ICU who received MV were alive 6
months after discharge.21 In our study, the magnitude and direction of
associations between MV receipt and mortality were similar for pa-
tients of different race/ethnicities and lung cancer histologies but var-
ied between stages, generally with modestly increased associations for

Table 2. Univariate Associations With Hospital and 6-Month Mortality

Demographic or Characteristic

Hospital
Mortality

6-Month
Mortality

OR P HR P

Age, years
65-69 Reference Reference
70-74 1.04 .165 1.06 .001
75-79 1.10 .003 1.15 � .001
80-84 1.09 .012 1.25 � .001
85-89 1.29 � .001 1.45 � .001
� 90 1.11 .223 1.50 � .001

Sex
Women Reference Reference
Men 1.17 � .001 1.11 � .001

Race/ethnicity
Non-Hispanic white Reference Reference
Black 1.29 � .001 1.16 � .001
Other 1.27 � .001 1.06 .006

Median annual income, thousands of
dollars�

� 15 Reference Reference
15-29.9 0.91 .010 1.10 � .001
30-44.99 0.85 � .001 1.05 .008
45-59.99 0.85 � .001 1.03 .178
60-74.99 0.92 .025 1.04 .081
� 75 0.87 .001 0.99 .625

Comorbidity†
0 Reference Reference
1 1.01 .846 1.02 .413
2 1.03 .553 1.10 � .001
� 3 1.06 .156 1.14 � .001

Lung cancer histology
NSCLC Reference Reference
SCLC 1.44 � .001 1.23 � .001
Other 1.25 � .001 1.16 � .001

Stage at diagnosis
Local Reference Reference
Regional 1.49 � .001 1.53 � .001
Distant 1.99 � .001 2.51 � .001
Unknown 1.84 � .001 1.95 � .001

Time from diagnosis to admission, days
� 19 Reference Reference
19-75 1.27 � .001 1.03 .053
76-328 1.33 � .001 1.00 .820
� 329 0.96 .166 0.69 � .001

Teaching status
Teaching hospital Reference Reference
Nonteaching hospital 0.88 � .001 1.02 .198

Number of beds
� 250 Reference Reference
251-449 1.02 .398 0.97 .006
� 450 1.11 .001 0.90 � .001

Mechanical ventilation
No Reference Reference
Yes 8.65 � .001 2.49 � .001

Type of ICU
Medical Reference Reference
Cardiac 1.19 � .001 1.04 .023
Intermediate 0.29 � .001 0.74 � .001
Other‡ 0.82 .001 0.81 � .001

Abbreviations: HR, hazard ratio; ICU, intensive care unit; NSCLC, non–small-
cell lung cancer; OR, odds ratio; SCLC, small-cell lung cancer.

�According to zip code data supplied by the Centers for Medicare and
Medicaid Services.

†Deyo-Charlson for inpatient codes.
‡Surgical, other, and unknown.
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an earlier stage. One explanation for this finding might be that patients
with advanced stages experience high mortality regardless of whether
they received MV. The result may also indicate that patients with
advanced stages of cancer who receive MV have an otherwise lower
severity of illness compared with ventilated patients with earlier stages,
which again suggests that clinicians and patients limit critical care on
the basis of decisions about prognosis.

Our results have important implications for providers who care
for patients with lung cancer and highlight that critical care in general,
and MV in particular, when delivered to patients with lung cancer, is
strongly associated with death and disability. For many patients, re-
ceipt of these services may not be consistent with their goals of care. In
the SUPPORT trial, 58% of patients with lung cancer in the hospital
reported a preference to focus on comfort rather than extending life,
and 81% of patients reported not wanting to receive MV indefi-
nitely.38 In addition, there is evidence that clinicians often do not
discuss important goals of critical care before their need.11,39 For
example, a single center reported that none of the patients with stage
IV lung cancer who were admitted to the ICU had a documented
discussion of code status before admission. Among the patients ad-
mitted to the ICU with a full code status, 77% of patients later changed
to their status to do not resuscitate while still in the ICU.11 Further-
more, in an observational study of 603 patients with advanced cancer,
the discussion of end-of-life issues was associated with lower rates of
ICU and MV use.40 These issues highlight the importance of discus-
sions between patients with lung cancer and their clinicians about
post-ICU outcomes.

There were several limitations of this study. First, we used adminis-
trative records, and thus, there was certainly misclassification of cancer
and exposure information that likely attenuated associations.41 Further-
more, there are multiple reasons why patients with lung cancer require
MV; because we did not evaluate ICU admission diagnoses, we could not
determine how specific causes of respiratory failure differentially influ-
encedtheassociationbetweenMVmortality.Commoncausesof respira-
tory failure in this population include coexisting cardiopulmonary
diseases,pneumonia,sepsis, lungcanceranditstypicalcomplications,and
lung cancer treatments. Studies that can more accurately evaluate specific
causes of respiratory failure are warranted to address this concern.

In addition, the SEER-Medicare registry does not include impor-
tant predictors of ICU mortality, such as severity-of-illness scores,
individual laboratory values, or vasopressor use, and communication
between patients and clinicians regarding goals of care that have been
associated with mortality in previous reports. These limitations are
somewhat mitigated by using proxies for illness severity, such as codes
for intermediate-level ICU care and MV. Given the large number of
patients who received care in an intermediate-level ICU, our overall
results were likely biased toward better outcomes. We had data on ICU
admissions through 2007, and thus, patients diagnosed with lung
cancer after 2002 did not have 5 years of follow-up time, which re-
duced the total number of patients with lung cancer in the cohort.
However, it is unlikely that this affected the conclusions of the study
because most patients were admitted within 1 year of diagnosis, the
longest time from diagnosis to admittance was not associated with
hospital mortality, and the analyses of MV and mortality adjusted for

ICU admission
Nonintermediate ICU admission without mechanical ventilation
ICU admission with mechanical ventilation
Intermediate ICU admission

ICU admission
Nonintermediate ICU admission without mechanical ventilation
ICU admission with mechanical ventilation
Intermediate ICU admission
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Fig 1. Survival for patients with lung cancer for the first intensive care unit (ICU) admission for reasons other than postoperative surgical lung cancer resection within
5 years of lung cancer diagnosis by year of diagnosis. (A) Survival to hospital discharge for patients with lung cancer admitted to an ICU. (B) Survival to 6 months after
hospital discharge for patients with lung cancer admitted to an ICU. The total cohort was included and categorized by receipt of mechanical ventilation, no receipt of
mechanical ventilation and no receipt of care in an intermediate type of ICU, and care in an intermediate type of ICU.
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this factor. Finally, the patients in this study were older than 65 years
and enrolled in fee-for-service Medicare, and thus, these results
should not be considered applicable to other populations, such as
younger patients or those enrolled in Medicare HMOs, without addi-
tional study.

In the largest study to date on ICU outcomes among patients
with lung cancer throughout the US, inpatient and 6-month mortality
did not improve for patients diagnosed from 1992 to 2005. Overall, the
majority of patients survived to discharge, but only 50% of patients
were discharged to home, and approximately one third of patients
were still alive 6 months later. Outcomes were poorer for patients who
received MV because less than 20% of patients were discharged home,
and the vast majority of patients died within 6 months after discharge.
The use of these results to guide shared decision making between
patients with lung cancer and their clinicians may lead to improve-
ments in patient-centered care.
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