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Background: This study aims to investigate lung cancer patients’ risk factors for: intensive care unit (ICU)
admission, infectious complications and organ dysfunction in the ICU, and prognosis after ICU admission.
Methods: The records of all patients with lung-cancer catastrophic-illness cards admitted to the ICU
between 2003 and 2012 were reviewed. The primary endpoint was 1-year mortality.

Results: We finally analyzed the records of index-date-, age-, and sex-matched ICU-admitted (ICU") lung
cancer patients (n=17,687) and ICU-non-admitted (ICU") lung cancer patients (n=35,374). The overall
1-year mortality rate was significantly (P<0.0001) higher for ICU" patients (49.91%) than for ICU" patients
(44.86%). Most ICU" patients (56.16%) had infectious complications and organ dysfunction (52.33%), and
overall, 6,893 (38.97%) had sepsis. Independent mortality risk factors were age (=75 years) [adjusted hazard
ratio (AHR), 1.22; 95% confidence interval (CI), 1.16-1.29], male sex: (AHR, 1.18; 95% CI, 1.13-1.23),
recent radiotherapy (AHR, 1.09; 95% CI, 1.04-1.15), infectious complications (AHR: 1.23; 95% CIL: 1.17-
1.29), organ dysfunction (AHR, 1.57; 95% CI, 1.50-1.65), and hospital level (regional hospital: AHR, 1.11;
95% CI, 1.06-1.16; local hospital: AHR, 1.28; 95% CI, 1.18-1.37).

Conclusions: ICU admission for lung cancer patients is associated with higher mortality. Several risk
factors of mortality for ICU" patients should help physicians provide patients personalized and better-

informed lung cancer therapy decisions.
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Introduction

Despite improvements in early diagnosis and appropriate
treatments such as chemotherapy, targeted therapy, and
even immunotherapy for lung cancer, improvements in
long-term survival of patients with lung cancer have been
limited, and lung cancer remains a devastating disease (1). It
is now the leading cause of cancer-related death worldwide
(2,3): it leads to 1.6 million deaths annually (4,5). More than
158,000 patients died from lung cancer in the United States
in 2016, which accounted for 27% of all cancer deaths (4,5).
Much work needs to be done to improve the outcome of
lung cancer patients. In addition to early detection and
advanced treatment, intensive care unit (ICU) strategies
and treatments are important because ICU admission is
not uncommon for lung cancer patients with malignancy-
related complications or with underlying comorbidities (6).

Factors associated with poor ICU outcomes for
these patients include mechanical ventilation (MV)
(7-12), poor pre-event performance status (PS) (10,13,14),
high admission Acute Physiologic and Chronic Health
Evaluation (APACHE) III scores with vasopressor use (11),
and refractory disease (8,10,11,15). However, most of the
previous studies were single-center, and their data cannot
be generalized across ICUs. Moreover, few studies have
examined the risk factors for lung cancer patients admitted
to the ICU. Therefore, we investigated the risk factors for
admission to the ICU, the infectious complications, organ
dysfunction during ICU hospitalizations, and the prognosis
after ICU admission among patients with lung cancer.

Methods
Data source

This retrospective, population-based cohort study used
Taiwan’s National Health Insurance Research Database
(NHIRD). Taiwan’s NHI program is a single-payer
compulsory system currently enrolls more than 23 million
of the country’s legal residents (>99.7% of Taiwan’s
population (16). The NHIRD provides detailed healthcare
services information about the clinical visits of each
beneficiary. It uses International Classification of Diseases,
Ninth Revision, Clinical Modification (ICD-9-CM)
diagnostic and procedure codes. We used the NHIRD’s lung
cancer database, which was constructed from the records
of all patients with lung cancer and a catastrophic illness
card to select cases for our study. In the NHIRD, biopsy
and histological verifications are required before a definite
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diagnosis of carcinoma can be made and a catastrophic
illness card can be obtained. Thus, because we used these
criteria, the lung cancer cases selected for our study were
considered valid and definite. The lung cancer database is a
longitudinal subset of the NHIRD; it contains data related
to inpatient and outpatient medical care, diagnoses, surgical
procedures, and prescribed medications from 2003 to 2012.
The study was approved by the Institutional Review Board
(IRB no: 10411-E01) of Chi Mei Medical Center. Because
the data used in this study are de-identified, and have been
released to the public for research, the IRB waived informed
consent.

Cuse selection and definition

The lung cancer database included 88,070 patients with
a lung cancer catastrophic illness card. After excluding
patients <18 years old, of unknown sex, who underwent
lung cancer surgery just one month before receiving the
lung cancer catastrophic illness card, who died immediately
after undergoing lung cancer catastrophic illness care,
or who died within one month after lung cancer surgery,
86,998 cases were selected for our study: 23,578 had
been admitted to the ICU between January 1, 2003, and
December 31, 2012. ICU admission was defined according
to medical expenditure applications, and the date of ICU
admission was defined as the index date. To investigate the
risk factor of ICU admission, each case admitted to the ICU
was index-date-, age-, and sex-matched with two cases not
admitted to the ICU. Finally, the records of 17,687 cases
admitted to the ICU and 35,374 cases not admitted to the
ICU were selected for analysis (Figure ).

Baseline variables

To be as comprehensive as possible when adjusting for
factors that might affect outcome, we considered the
following as potential confounders: sex, age, hospital
accreditation, and underlying comorbidities. Comorbidities
were defined according to the ICD-9-CM including
diabetes mellitus (DM) [ICD-9-CM codes: 250],
hyperlipidemia [272], hypertension [401-405], stroke
[430-438], chronic obstructive pulmonary disease (COPD)
[490-496], chronic liver disease [571], and chronic kidney
disease (CKD) [585] within 1 year before their index
admission. We also collected information about several
other possible confounders—anticancer treatments <1 year
of ICU admission: surgery, chemotherapy, radiotherapy, and
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Figure 1 Algorithm for patient enrollment.

targeted therapy; infectious diseases; and organ dysfunction
by using ICD coding.

Endpoint

The primary endpoint of the study was one-year mortality.
The definition of mortality was based on the death record
from the inpatient claim dataset. Patients were followed
from January 1, 2003, until the earliest onset of one of two
occurrences, whichever came first: mortality or the end of
the study, December 31, 2013.

Statistical analysis

All categorical variables are presented as frequencies with
percentages, and the Pearson’s y* test or Fisher’s exact test
was used to compare the differences between lung cancer
patients admitted (ICU") and not admitted (ICU") to
the ICU. Continuous variables are presented as means
standard deviation (SD) or median with interquartile range
(IQR), and a Student’s ¢-test or Wilcoxon rank-sum test
was used to compare age and time to mortality or follow-
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up time. In addition, Kaplan-Meier survival curves were
used for the 1-year survival rate during the study, and a
log-rank test was used to compare risks between ICU" and
ICU" patients. The ratio of 1-year mortality between ICU"
and ICU™ patients was estimated using Cox proportional
regression models adjusted for age, sex, comorbidities,
lung cancer surgery, recent anticancer treatment, infectious
diseases, organ dysfunction, and hospital level. A multiple
Cox regression analysis was used to find the potential
predictors of 1-year mortality among ICU" patients. SAS
9.4 (SAS Institute Inc., Cary, NC, USA) was used for all
analyses. Significance was set at P<0.05. Kaplan-Meier
survival curves were plotted using STATA 12 (Stata Corp.,
College Station, TX, USA).

Results
Clinical characteristics

ICU" patients had more comorbidities—DM, HTN,
strokes, COPD, chronic liver disease, and CKD—than did
ICU" patients (Zable I). In contrast, ICU™ patients had more
hyperlipidemia than did ICU" patients. ICU" patients were
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Table 1 Characteristics of lung cancer patients
Variable Total (n=53,061) (%) ICU™ patients (n=35,374) (%) ICU" patients (n=17,687) (%) P
Age (years) 68.7+12.7 68.7£12.7 68.7£12.7 0.7705
18-64 19,758 (37.24) 13,172 (37.24) 6,586 (37.24) 1.0000
65-74 13,758 (25.93) 9,172 (25.93) 4,586 (25.93)
>75 19,545 (36.83) 13,030 (36.83) 6,515 (36.83)
Sex
Female 21,480 (40.48) 14,320 (40.48) 7,160 (40.48) 1.0000
Male 31,581 (59.52) 21,054 (59.52) 10,527 (59.52)
Comorbidities
DM 9,292 (17.51) 5,828 (16.48) 3,464 (19.59) <0.0001
Hyperlipidemia 6,432 (12.12) 4,398 (12.43) 2,034 (11.50) 0.0019
HTN 21,029 (39.63) 13,778 (38.95) 7,251 (41.00) <0.0001
CVA 2,504 (4.72) 1,510 (4.27) 994 (5.62) <0.0001
COPD 6,611 (12.46) 4,104 (11.60) 2,507 (14.17) <0.0001
Chronic liver disease 2,737 (5.16) 1,740 (4.92) 997 (5.64) 0.0004
CKD 1,173 (2.21) 654 (1.85) 519 (2.93) <0.0001
Lung cancer surgery 11,381 (21.45) 8,117 (22.95) 3,264 (18.45) <0.0001
Recent anticancer treatment
Chemotherapy 22,132 (41.71) 14,079 (39.80) 8,053 (45.53) <0.0001
Radiotherapy 13,339 (25.14) 8,069 (22.81) 5,270 (29.80) <0.0001
Targeted therapy 7,458 (14.06) 4,431 (12.53) 3,027 (17.11) <0.0001
Operation with CRRT 1,270 (2.39) 613 (3.47) 657 (1.86) <0.0001
Critical care procedure
Mechanical ventilation 12,582 (23.71) 2,347 (6.63) 10,235 (57.87) <0.0001
CRRT 297 (0.56) 0 (0.00) 297 (1.68) <0.0001
ECMO 24 (0.05) 0 (0.00) 24 (0.14) <0.0001
CPR 2,378 (4.48) 663 (1.87) 1,715 (9.70) <0.0001
Hospital level
Medical center 24,624 (46.41) 16,684 (47.16) 7940 (44.89) <0.0001
Regional hospital 18,421 (34.72) 10,163 (28.73) 8,258 (46.69)
Local hospital/clinic 10,016 (18.88) 8,527 (24.11) 1,489 (8.42)
1-year mortality 24,696 (46.54) 15,868 (44.86) 8,828 (49.91) <0.0001
Time to 1-year mortality” (months) 1.4 (0.6-3.2) 1.7 (0.7-3.7) 0.9 (0.4-2.1) <0.0001
In-hospital mortality 13,473 (25.39) 7,904 (22.34) 5,569 (31.49) <0.0001
Follow-up time (months) 7.9 (1.4-12.0) 8.4 (1.9-12.0) 6.2 (0.9-12.0) <0.0001

Data are shown as n (%), mean + SD or median (Q1-Q3). *Length of ICU stay (ICU" patients) or length of hospital stay (ICU™ patients) to 1-year
mortality. DM, diabetes mellitus; HTN, hypertension; CVA, cerebralvascular accident; COPD, chronic obstructive pulmonary disease; CKD, chronic
kidney disease; CRRT, continuous renal replacement therapy; ECMO, extracorporeal membrane oxygenation; CPR, cardiopulmonary resuscitation.
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Figure 2 Kaplan-Meier plot: 1-year mortality.

more likely to be treated with chemotherapy, radiotherapy,
and targeted therapy than were ICU™ patients. In contrast,
ICU" patients were more likely to have undergone prior
lung cancer surgery than were ICU" patients. Regarding
critical care procedures, ICU" patients are more likely to
receive MV, continuous renal replacement therapy (CRRT),
extracorporeal membrane oxygenation (ECMO), and
cardiopulmonary resuscitation (CPR) than ICU" patients.
ICU" patients were more frequently treated in a medical
center or regional hospital than were ICU™ patients. The
overall 1-year mortality rate was significantly higher for
ICU" patients than for ICU™ patients (49.91% vs. 44.86%,
respectively; P<0.0001), and the time to one-year mortality
was significantly shorter for ICU" patients than for ICU"
patients (P<0.0001). Kaplan-Meier survival analysis showed
that ICU" patients had a lower 1-year survival rate than did
ICU" patients (Log rank test, P<0.001) (Figure 2). In the
subgroup analysis, for ICU" patients remained significant
in each subgroup, irrespective of age, sex, comorbidities,
recent anticancer treatment, and hospital level (7able 2).

Complications of ICU" lung cancer patients

Of the 17,687 ICU" lung cancer patients, the median length
of ICU stay was 4 days IQR: 2-11 days). More than half of
these patients had an infectious disease (n=9,933, 56.16%):
respiratory tract infections were most common (n=7,182,
40.61%), and septicemia (n=4,269, 24.14%). Almost
as many (n=9,256, 52.33%) had an organ dysfunction:
respiratory organ dysfunction was most common (n=7,768,
43.92%), and cardiovascular system (n=2,298, 12.99%)
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(Table 3). Overall, 6,893 (38.97%) patients had sepsis during
their ICU stay.

Risk factors for 1-year mortality among ICU" patients

A multivariate analysis indicated that independent risk
factors for mortality for ICU" lung cancer patients were
age (=75 years) [adjusted hazard ratio (AHR), 1.22; 95%
CI, 1.16-1.29], male sex (AHR, 1.18; 95% CI, 1.13-1.23),
recent radiotherapy (AHR, 1.09; 95% CI, 1.04-1.15),
infectious diseases (AHR, 1.23; 95% CI, 1.17-1.29), organ
dysfunction (AHR, 1.57; 95% CI, 1.50-1.65), and lower-
level hospitals (Table 4). In contrast, ICU" patients treated
with recent lung cancer surgery (AHR, 0.19; 95% CI,
0.17-0.21), chemotherapy (AHR, 0.84; 95% CI, 0.80-0.88),
or targeted therapy (AHR, 0.32; 95% CI, 0.30-0.35) were
associated with lower mortality (7able 4).

Discussion

This is the first national population-based study to
specifically investigate the outcomes of ICU" lung cancer
patients. We have several significant findings. First, in
almost all subgroup analyses, the overall 1-year mortality
rate was significantly higher, and the time to 1-year
mortality was significant shorter, for ICU" patients. Survival
analysis showed that patients admitted to ICU had lower
probability of 1-year survival rate than patients without
ICU admission. The differences regarding survival rate
become evident just soon after ICU admission. The poor
impact of ICU admission on the 1-year mortality remained
significant in almost all of subgroup analysis.

Second, we found that about 40% of ICU" lung cancer
patients had sepsis, and more than 50% had an organ
dysfunction: respiratory tract infections and respiratory
organ dysfunction were most common. This finding is
consistent the previous study (9) of 143 lung cancer which
showed that the main reasons for ICU admission were
sepsis (44%) and acute respiratory failure (31%). This is
reasonable (9,17,18). Overall, this kind of information will
help intensivists improve treatment for ICU" lung cancer
patients.

Third, we identified several factors that indicate a poor
prognosis: age, male sex, recent radiotherapy, infectious
diseases, organ dysfunction, and low hospital level, some
of have already been reported (9,19). Chang et /. (19)

enrolling 143 patients with lung cancer and pneumonia-
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Table 2 Specific subgroup analysis for 1-year mortality in ICU™ and ICU" patients (n=53,061)

ICU™ Patients ICU" Patients
Variable AHR? 95% Cl P
No. Events, n (%) No. Events, n (%)
Age (years)
18-64 13,172 3,974 (30.2) 6,586 2,809 (42.7) 1.51 1.43-1.58 <0.0001
65-74 9,172 3,802 (41.5) 4,586 2,123 (46.3) 1.22 1.16-1.29 <0.0001
>75 13,030 8,092 (62.1) 6,515 3,896 (59.8) 1.07 1.02-1.11 0.0019
Sex
Female 14,320 5,199 (36.3) 7,160 3,257 (45.5) 1.29 1.23-1.35 <0.0001
Male 21,054 10,669 (50.7) 10,527 5,571 (52.9) 1.17 1.14-1.21 <0.0001
Comorbidities
DM 5,828 2,668 (45.8) 3464 1,662 (48.0) 1.10 1.08-1.17 0.0034
Hyperlipidemia 4,398 1,709 (38.9) 2,034 984 (48.4) 1.31 1.20-1.42 <0.0001
HTN 13,778 6,353 (46.1) 7,251 3,665 (50.5) 1.19 1.14-1.25 <0.0001
CVA 1,510 879 (58.2) 994 547 (55.0) 0.97 0.87-1.09 0.6116
COPD 4,104 1,843 (44.9) 2,507 1,223 (48.8) 1.19 1.10-1.28 <0.0001
Chronic liver disease 1,740 682 (39.2) 997 458 (45.9) 1.27 1.13-1.44 0.0001
CKD 654 336 (51.4) 519 255 (49.1) 1.21 1.02-1.44 0.0269
Lung cancer surgery 8,117 616 (7.6) 3,264 446 (13.7) 1.43 1.26-1.63 <0.0001
Recent anticancer treatment
Chemotherapy 14,079 5,226 (37.1) 8,053 3,581 (44.5) 1.56 1.49-1.63 <0.0001
Radiotherapy 8,069 3,655 (45.3) 5,270 2,543 (48.3) 1.42 1.35-1.50 <0.0001
Targeted therapy 4,431 640 (14.4) 3,027 655 (21.6) 1.56 1.39-1.74 <0.0001
Hospital level
Medical center 16,684 7,142 (42.8) 7,940 3,549 (44.7) 1.21 1.16-1.26 <0.0001
Regional hospital 10,163 5,337 (52.5) 8,258 4,349 (52.7) 1.11 1.07-1.16 <0.0001
Local hospital/clinic 8,527 3,389 (39.7) 1,489 930 (62.5) 1.69 1.57-1.82 <0.0001

AHR, adjusted hazard ratio, adjusted for age, gender sex, comorbidities, lung cancer surgery, recent anticancer treatment, and hospital
level. DM, diabetes mellitus; HTN, hypertension; CVA, cerebralvascular accident; COPD, chronic obstructive pulmonary disease; CKD,

chronic kidney disease.

induced respiratory failure in a medical intensive care unit
showed that history of radiotherapy (OR =2.80; 95% CI,
1.15-6.78) was associated with increased mortality. Soares
et al. (9) found that number of organ failures (OR =1.96;
95% CI, 1.38-2.79) was associated with increased mortality.
Previous study (20) has showed that hospital volume can
affect the outcome of cancer patients undergoing anti-
cancer treatment. In this study, we found that hospital level
was independently associated with mortality. Even sicker
patients referred to medical centers had better survival
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rates than did patients in regional and local hospitals. The
finding is consistent with previous evidence (20) that larger
hospital volume or specialty focus is associated with the
better outcome of cancer patients.

Finally, we found that recent surgery, chemotherapy,
and targeted therapy all lowered the mortality risk, which
is consistent with other claims (6). The similar finding
was noted in previous study (6) that anticancer therapy in
the ICU might provide better short-term ICU survival
for treatment-naive, critically ill lung cancer patients. It
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Table 3 Infectious diseases and organ dysfunction in ICU" patients

(n=17,687)"

Variable N (%)

Infectious disease 9,933 (56.16)
Respiratory tract infection 7,182 (40.61)
Septicemia 4,269 (24.14)
Genitourinary tract infection 1,115 (6.30)
Skin/soft tissue and musculoskeletal infection 400 (2.26)
Mycobacterial infection 249 (1.41)
Intra-abdominal infection 232 (1.31)
Systematic fungal infection 179 (1.01)

Organ dysfunction 9,256 (52.33)
Respiratory 7,768 (43.92)
Cardiovascular 2,298 (12.99)
Renal 914 (5.17)
Neurologic 209 (1.18)
Hematologic 184 (1.04)
Metabolic 98 (0.55)

Sepsis 6,893 (38.97)

?, the median (IQR) ICU length of stay was 4 (2 to 11) days.

Table 4 The risk of 1-year mortality in ICU" patients (n=17,687)

Lai et al. Lung cancer patients in ICU

is possible that the patients who were chosen to receive
anti-cancer therapy may have better performance status
and could tolerate the treatment-related complication
than the patients who physicians cannot recommend anti-
cancer therapy such as chemotherapy or surgery due to
their poorer performance status. Taking all these findings
together suggest that, although anticancer treatment
causes complications, it will positively affect survival for
some patients. However, additional studies are required
to determine which specific populations will benefit from
which anticancer treatments.

This study has several strengths. We studied a large
sample from Taiwan’s general population, did a long-term
follow-up, and included the full range of hospital levels
from local clinics to medical centers. These strengths
should make our findings generalizable to most Taiwanese.

However, a retrospective insurance claims database
analysis also has several inherent limitations. First, the
NHIRD information is provided using ICD-9 coding, not
actual medical records. However, this limitation might not
affect our findings, because lung cancer in this study was

Variable No.

Events, n (%)

Univariate HR (95% ClI) AHR? (95% Cl) P

Age (years)

18-64 6,586

65-74 4,586

>75 6,515
Sex

Female 7,160

Male 10,527
Lung cancer surgery 3,264
Recent anticancer treatment

Chemotherapy 8,053

Radiotherapy 5,270

Targeted therapy 3,027
Infectious disease 9,933
Organ dysfunction 9,256
Hospital level

Medical center 7,940

Regional hospital 8,258

Local hospital/clinic 1,489

2,809 (42.7)
2,123 (46.3)
3,896 (59.8)

3,257 (45.5)
5,571 (52.9)
446 (13.7)

3,581 (44.5)
2,543 (48.3)

655 (21.6)
5,636 (56.7)
5,479 (59.2)

3,549 (44.7)
4,349 (52.7)
930 (62.5)

1.00 (Reference)

1.00 (Reference) -

1.13 (1.07-1.19) 1.03 (0.97-1.10) 0.2767
1.63 (1.56-1.71) 1.22 (1.16-1.29) <0.0001
1.00 (Reference) 1.00 (Reference) -

1.24 (1.19-1.30) 1.18 (1.13-1.23) <0.0001
0.17 (0.16-0.19) 0.19 (0.17-0.21) <0.0001
0.80 (0.76-0.83) 0.84 (0.80-0.88) <0.0001
0.99 (0.95-1.04) 1.09 (1.04-1.15) 0.0004
0.32 (0.30-0.35) 0.32 (0.30-0.35) <0.0001
1.63 (1.56-1.70) 1.23 (1.17-1.29) <0.0001
1.91 (1.83-1.99) 1.57 (1.50-1.65) <0.0001
1.00 (Reference) 1.00 (Reference) -

1.27 (1.21-1.32) 1.11 (1.06-1.16) <0.0001
1.74 (1.62-1.88) 1.28 (1.18-1.37) <0.0001

°AHR, adjusted hazard ratio (adjusted for age, gender sex, comorbidities, lung cancer, surgery, recent anticancer treatment, MV, CRRT,
ECMO, CPR, and hospital level). MV, mechanical ventilation; CRRT, continuous renal replacement therapy; ECMO, extracorporeal
membrane oxygenation; CPR, cardiopulmonary resuscitation.
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based on a catastrophic illness card that can be obtained
only after the diagnosis is confirmed by a biopsy and
histological testing. Second, we chose only first-episode
ICU" patients admitted more than once during the study
period, but patients with lung cancer might be readmitted
in short time-spans for anticancer treatment-related
complications. Third, the criteria for ICU admission vary
by hospital, especially for hospitals at different levels. This
might increase heterogeneity into the study cohort. Finally,
the NHIRD does not contain data about specific histologic
types or stages of cancer, specific cause of death, Eastern
Cooperative Oncology Group (ECOGQG) performance status,
and we did not assess the effect of different anticancer
treatments and the number of cancer-related mortality.

Conclusions

ICU admission for lung cancer patients is associated with
higher mortality. Several risk factors of mortality after
ICU admission identified in this study can help physicians
provide personalized and better-informed decisions for
managing lung cancer.
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