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Background: Recent advances in critical care and infection control have led to improved intensive care 
unit (ICU) survival rates. However, controversy exists regarding the benefits of ICU treatment for patients 
with lung cancer. In this study, we evaluated the clinical outcomes of patients from the Korean national 
database, who had been diagnosed with lung cancer and had received ICU treatment. 
Methods: We investigated patients in Korea who had been newly diagnosed with lung cancer between 
January 1, 2008 and December 31, 2010. We classified these critically ill patients with lung cancer according 
to their lung cancer treatment pathways, with a specific focus on those who had undergone ICU treatment. 
Results: We found that 31.3% of patients newly diagnosed with lung cancer had been admitted to the ICU 
for any reason, and 18.5% of patients with lung cancer were admitted to the ICU for reasons other than 
postoperative surgical lung cancer resection. The ICU mortality rate was 2.9% in patients admitted to the 
ICU for postoperative care and 47.5% in patients admitted for other reasons. Clinical cancer staging (HR, 
7.02; 95% CI, 5.82–8.48; P<0.01) and the need for mechanical ventilator (HR, 1.34; 95% CI, 1.27–1.41; 
P<0.01) were independently associated with ICU mortality. The importance of mechanical ventilator 
intervention as a predictor for survival was significantly greater in the earlier stages of lung cancer (HR, 1.97; 
95% CI, 1.15–3.38; P<0.01).
Conclusions: This study suggests that goals and treatment plans for critically ill patients with lung cancer 
should be determined by the individual patient’s clinical cancer stage, regardless of the reason for admission 
to the ICU. 

Keywords: Lung cancer; intensive care unit (ICU); mortality, survival rates

Submitted Jan 20, 2021. Accepted for publication Mar 21, 2021.

doi: 10.21037/atm-21-298

View this article at: http://dx.doi.org/10.21037/atm-21-298

Introduction

Lung cancer is the leading cause of cancer death, accounting 
for 20% of all cancer deaths worldwide (1). Patients with 
lung cancer comprise 27% of all intensive care unit (ICU) 
admissions among patients with solid cancers (2,3). A 
retrospective study reported that critically ill patients with 

lung cancer showed high mortality rates of up to 74% (4). 
Poor quality of life have also been reported in patients after 
discharge from the ICU (5). 

Over the last two decades, significant advances in critical 
care and infection control have led to improved survival rates 
(6,7). Recent studies indicate that further improvements 
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in the survival rates of lung cancer patients treated in ICU 
may be expected (5,8). Moreover, the introduction of new 
treatments, such as targeting agents or immunotherapy 
have also contributed to improved survival in patients 
with advanced lung cancer (9,10). As a result of the 
complex nature of the disease and the growing number of 
treatment options for these patients, it has become difficult 
to apply past treatment decision recommendations (11)  
to the modern critical care of patients with lung cancer. To 
complicate matters further, in previous studies, the criteria 
for treatment-limitation decisions were different for each 
center, and the severity of patients admitted into ICU 
was influenced by the availability of beds in ICU at each 
hospital (12). Most studies have reported outcomes for all 
lung cancer patients, including surgical patients, whereas a 
few have focused only on advanced cancer patients who do 
not have surgical treatment options. There is therefore a 
need for unbiased data on outcomes for all-stage critically 
ill patients with lung cancer in ICUs in order to assist 
physicians and patients in making more informed and 
considered decisions regarding ICU treatment. 

We hypothesized that the overall prognosis of patients 
with lung cancer in ICU was influenced by the cancer 
treatment the patient actually received, rather than by 
the cancer stage at the time of diagnosis. We aimed 
to investigate the outcomes of each clinical group by 
classifying critically ill patients with lung cancer from a 
national population-based data according to their lung 
cancer treatment options. We present the following article 
in accordance with the STROBE reporting checklist 
(available at http://dx.doi.org/10.21037/atm-21-298). 

Methods

Design and setting

This is a retrospective observational cohort study. This 
study analyzed the claims data from the Health Insurance 
Review and Assessment Service (HIRA) between January 1, 
2007 and March 31, 2016. All Koreans are covered by the 
National Health Insurance (NHI) and claims data submitted 
by the NHI are reviewed by the HIRA. These claims data 
include information regarding patients’ diagnoses, treatment, 
procedures, surgical history, and prescription drugs.

Patients

This study investigated all patients aged >18 years, examined 

by chest CT for any reason between January 2007 to 
December 2011. From this cohort, we identified those 
patients with lung cancer using codes from their ICU services 
[i.e., code C34x.x from a modified version of the International 
Classification of Diseases 10th Revision (ICD-10)]. The study 
enrolled patients newly diagnosed lung cancer between 2008 
and 2011 and who were followed up before March 31, 2016. 
We excluded patients who: (I) were >100 years old, (II) had 
any claims related to code C34x.x prior to Jan 2008, (III) had 
a lung cancer diagnosis after the date of admission to the 
ICU, (IV) stayed in the ICU less than 24 h.

This left a cohort of 74,754 patients who were categorized 
into five clinical stages according to the treatment they 
received: (I) lung cancer resection only, (II) combined 
systemic therapy with lung cancer resection, (III) systemic 
therapy without lung cancer resection, (IV) no treatment, 
and (V) refusal of any treatment. Among patients with no 
treatment, those without metastases were placed in the 
refusal group. 

Comorbidities and concomitant medical therapy 

We identified the first ICU admission after lung cancer 
diagnosis for each patient using codes from the ICU 
services (AJ001-AJ590900). Patients who stayed in ICU for 
>24 h and those admitted for routine postoperative care 
were classified as surgical ICU. Radiation therapy for lung 
cancer was limited to radiation therapy administered to 
the chest area. Comorbidities were identified if the claims 
data existed from six months before the index diagnosed as 
lung cancer. Comorbidity diagnoses were identified using 
ICD-10 codes and where patients had underlying disease, 
comorbidity was represented by the Charlson Comorbidity 
index. Procedures of interest such as mechanical ventilation, 
hemodialysis, and cardiopulmonary resuscitation (CPR) 
were defined using procedural claim codes as detailed in a 
previous study (13). We identified the use of chemotoxic 
drugs using the Korean drug and anatomical therapeutic 
chemical codes. 

Ethics

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The study 
was approved Kangwon National University Hospital 
Institutional Review Board (B-2018-02-002) and individual 
consent for this retrospective analysis was waived.
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Statistical analysis

All statistical analyses were performed with reference 
to guidelines for the European Journal of Cardio-Thoracic 
Surgery and the Interactive CardioVascular and Thoracic 
Surgery (14). The study endpoint was defined as all-
cause mortality in the ICU. Variables are presented as 
numbers (percentages) or as (means±standard deviations). 
Between-group comparisons were drawn using χ2 tests 
for categorical data and Student’s t-tests for continuous 
data. We used Cox proportional regression to calculate the 
hazard ratios (HR) and 95% confidence intervals (95% CI) 
for ICU treatments associated with patient characteristics. 
In order to avoid overcorrection of cancer disease, the 
value obtained by subtracting the cancer related score 
from Charlson Comorbidity Index was used. Probabilities 
of P<0.05 were considered statistically significant. All 
analyses were carried out using R v3.4.4. We used the 
survival package and ggplot2 functions in R to get 
appropriate updated citations.

Results

Between 2008 and 2011, 74,754 patients were diagnosed 
with lung cancer. The follow-up duration was 926.7± 
961.8 days. Among patients with lung cancer, 23,365 
(31.3%) patients were admitted to the ICU. The mean 
period between cancer diagnosis and ICU admission was 
242.9±461.9 days. Patients treated with a wide variety of 
therapies comprised the greatest proportion (30.5%) of 
all patients with lung cancer admitted to the ICU. Most 
patients admitted to the ICU (39.8%) received systemic 
therapy without lung cancer resection; the second largest 
group admitted to the ICU (27.7%) comprised patients 
who refused treatment for cancer. As lung cancer was 
newly diagnosed, the proportion of cancer-treated patients 
increased during the follow-up period (from 57.3% in 2008 
to 61.5% in 2010, Table 1). On average, patients with lung 
cancer followed for 1,131.3±994.1 days and were treated in 
the ICU for 34.2±143.9 days. Among patients admitted to 
the ICU, organ failure mainly occurred in the respiratory 
system (39.2%) and renal system (4.6%). The mortality 
rate of lung cancer patients admitted to the ICU was 24.4% 
at day 28, 33.8% at day 60, 49.9% at 1 year, and 61.4% 
at 3-year post admission to the ICU. Mortality rate was 
related to clinical staging according to cancer treatment 
(Figure 1). 

Surgical versus medical ICU admission 

Characterization by type of admission to the ICU in 
patients with lung cancer is summarized in Table 2. ICU 
admission for postoperative care (surgical ICU) accounted 
for 40.6% of patients admitted to ICU. More patients 
who received chemotherapy and lung resection (58.4%) 
were admitted into the ICU for postoperative care than 
those who received lung resection only. Patients with lung 
cancer stayed in medical ICU longer than in surgical ICU 
(40.4±143.9 vs. 25.1±123.3 days, P<0.001). Surgical ICU 
showed significantly lower mortality rates compared to 
medical ICU at day 28 (1.5% vs. 40.0%, P<0.001) and 
day 60 (3.2% vs. 54.7%, P<0.001). CPR was performed in 
93.3% of critically ill patients who died in the surgical ICU 
compared 86.3% of patients in medical ICU (P<0.001). 
Critically ill patients survived longer after discharge from 
surgical ICU than from medical ICU (908.7±676.2 vs. 
127.5±296.9 days, P<0.001).

Clinical outcomes of ICU admission for nonsurgical 
reasons 

Characteristics of patients admitted to the ICU for 
nonsurgical reasons are summarized in Table 3. Patients 
treated with lung cancer resection alone received more 
renal replacement therapy (12.8% vs. 5.8%, P<0.001) and 
mechanical ventilation (58.2% vs. 53.1%, P<0.001) than 
those who were treated with systemic therapy alone. Among 
patients who received lung cancer resection, there was no 
difference in the use of ventilators between the patients 
who underwent surgery alone and those who received 
lung resection and systemic therapy together (58.4% vs. 
58.2%, P=0.11). However, the mortality rate at any point 
was remarkably higher among patients who received lung 
resection and systemic therapy (Figure 2). Patients who 
received lung cancer resection, regardless of whether or not 
this was combined with systemic cancer treatment, stayed in 
ICU longer than those who did not undergo resection and 
survived longer after discharge from ICU than non-resected 
patients. The prognostic effect of ventilators on outcomes 
in medical ICU was HR 1.97 (95% CI, 1.15–3.38, P<0.01) 
in the group who received with only surgery, HR 1.85 (95% 
CI, 1.37–2.52, P<0.01) in the group who received combined 
systemic therapy with surgery, HR 1.40 (95% CI, 1.30–1.51, 
P<0.01) in the group who received systemic therapy without 
surgery, and HR 1.12 (95% CI, 0.99–1.27, P=0.07) in the 
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Figure 1 Intensive care unit mortality in lung cancer according to clinical stage. Op_only, lung cancer resection only; Tx_combined_with_
op, combined systemic therapy with lung cancer resection; Tx_without_op, systemic therapy without lung cancer resection; no_Tx_with_
meta, no treatment; refusal, refusal of any treatment.
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Discussion

This study shows the comprehensive outcomes of lung 
cancer patients admitting to ICU according to modality 
receiving treatment, based on a national population study. 
Treatment outcomes varied significantly depending on 
the clinical stage. Although there was no difference in 
the frequency of treatment with ventilators, patients with 
advanced lung cancer who did not receive treatment from 
mechanical ventilators showed a ten-fold higher risk of 
death than those with early lung cancer under the same 
treatment conditions. Our results suggest that while critical 

care has improved significantly, the biggest challenge faced 
by critically ill patients with lung cancer lies in the cancer 
stage itself. 

In our study, 31.3% of all lung cancer patients were 
admitted to ICU, and 47.5% of those admitted, died in 
the ICU. The mortality rate of patients admitted to ICU 
after lung cancer resection was 2.9%. The ICU mortality 
rate for patients with early-stage lung cancer admitted to 
ICU for reasons other than postoperative surgical lung 
cancer resection was 27.7%. This is similar to mortality 
rates for early stage lung cancer reported in previous studies 
(15,16). Reichner et al. (15) found that one in four (25%) 
patients with NSCLC stage I died and one of two (50%) 
patients with limited stage SCLC died in medical ICU. 
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Table 2 Characteristics according to type of admission to the ICU in patients with lung cancer

Characteristic
Total ICU Surgical ICU Medical ICU

P value
(N=23,365) (N=9,482) (N=13,883)

Female 6,586 (28.2%) 2,886 (30.4%) 3,700 (26.7%) <0.01

Age 66.5±10.9 63.6±10.1 68.5±11.0 <0.01

Type of received therapy

Surgery only 4,410 (18.9%) 3,948 (41.6%) 462 (3.3%) <0.01

Systemic therapy with surgery 6,343 (27.1%) 5,534 (58.4%) 809 (5.8%) <0.01

Systemic therapy without surgery 7,127 (30.5%) 0 (0.0%) 7,127 (51.3%) <0.01

No treatment 1,842 (7.9%) 0 (0.0%) 1,842 (13.3%) <0.01

Refusal of any treatments 3,643 (15.6%) 0 (0.0%) 3,643 (26.2%) <0.01

Charlson Comorbidity Index 9.1±3.9 8.6±4.0 9.5±3.8 <0.01

Overall follow-up (days) 1,131.3±994.1 1,776.3±874.8 690.7±813.9 <0.01

Renal replacement Therapy 1,086 (4.6%) 280 (3.0%) 806 (5.8%) <0.01

Need for Mechanical ventilator 9,169 (39.2%) 2,535 (26.7%) 6,634 (47.8%) <0.01

Interval from diagnosis to ICU 242.9±461.9 53.1±197.3 372.5±539.5 <0.01

ICU mortality at 28-day 5,692 (24.4%) 141 (1.5%) 5,551 (40.0%) <0.01

ICU mortality at 60-day 7,901 (33.8%) 306 (3.2%) 7,595 (54.7%) <0.01

ICU mortality at 1-year 11,656 (49.9%) 1,078 (11.4%) 10,578 (76.2%) <0.01

ICU mortality at 2-year 13,322 (57.0%) 1,905 (20.1%) 11,417 (82.2%) <0.01

ICU mortality at 3-year 14,357 (61.4%) 2,579 (27.2%) 11,778 (84.8%) <0.01

Overall mortality 16,429 (70.3%) 4,226 (44.6%) 12,203 (87.9%) <0.01

Overall ICU mortality  6,868 (29.4%) 279 (2.9%) 6,589 (47.5%) <0.01

CPR at death 2,047 (87.8%) 474 (93.3%) 1,573 (86.3%) <0.01

ICU length of stay 34.2±143.9 25.1±123.3 40.4±156.2 <0.01

Survival after ICU discharge 328.5±547.4 908.7±676.2 127.5±296.9 <0.01

CPR, cardiopulmonary resuscitation.

Adam and Soubani (16) reported a 25% ICU mortality rate 
among four patients with stage I NSCLC. However, too 
few patients with early stage cancer were included in these 
studies for meaningful conclusions to be drawn. 

The decision to admit patients with advanced lung 
cancer to medical ICU continues to present a major 
challenge faced by doctors. Our results appear to suggest 
that the outcomes of medical ICU treatment in patients 
with resectable lung cancer are similar to those of critically 
ill patients having no cancer. Our study found an in-hospital 
mortality rate of 58.0%, which was similar to those reported 
in most previous studies where medical ICU mortality rates 

of over 50% in patients with extensive or advanced lung 
cancer were reported. Our results also showed that 26.2% 
of patients with metastatic lung cancer were admitted to the 
ICU, despite being unable to receive cancer treatment. The 
mortality of these patients was 58.3%. This was lower than 
the 68% mortality rate reported in the study by Reichner 
et al. (15) where stage IV patients made up 53.2% of all 
study patients. A study by Adam and Soubani (16) reported 
a significantly lower medical ICU mortality rate (21.4%) in 
stage IV patients. However, their stage IV patients were on 
average ten years younger than those with metastatic cancer 
in our study. We noted a significant difference between 
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Table 3 Characteristics of patients with lung cancer admitted to the ICU for nonsurgical reasons

Characteristic
Surgery only

Systemic therapy 
with surgery

Systemic therapy 
without surgery

No treatment
P value

(N=462) (N=809) (N=7,127) (N=1,842)

Female 115 (24.9%) 206 (25.5%) 1,612 (22.6%) 570 (30.9%) <0.001

Age 68.6±8.5 63.5±10.3 65.2±10.2 72.8±9.8 <0.001

Lung diagnosis, year  <0.001

2008 135 (29.2%) 245 (30.3%) 2,332 (32.7%) 665 (36.1%)

2009 151 (32.7%) 273 (33.7%) 2,340 (32.8%) 578 (31.4%)

2010 176 (38.1%) 291 (36.0%) 2,455 (34.4%) 599 (32.5%)

Charlson Comorbidity Index 9.2±4.1 10.9±3.8 10.3±3.4 11.7±2.6 <0.001

Overall follow-up (days) 1,410.3±1,000.0 1,235.4±844.1 566.3±636.9 358.3±615.4 0.317

Renal replacement therapy 59 (12.8%) 73 (9.0%) 413 (5.8%) 70 (3.8%) <0.001

Use of mechanical ventilator 270 (58.4%) 471 (58.2%) 3,785 (53.1%) 700 (38.0%) <0.001

Interval from diagnosis to ICU admission 492.0±680.5 535.0±634.2 346.6±459.5 203.0±407.3 <0.001

ICU mortality at 28-day 52 (11.3%) 138 (17.1%) 2,971 (41.7%) 961 (52.2%) <0.001

ICU mortality at 60-day 82 (17.7%) 215 (26.6%) 4,079 (57.2%) 1,317 (71.5%) <0.001

ICU mortality at 1-year 182 (39.4%) 372 (46.0%) 5,894(82.7%) 1,650 (89.6%) <0.001

ICU mortality at 2-year 208 (45.0%) 476 (58.8%) 6,377 (89.5%) 1,712 (92.9%) <0.001

ICU mortality at 3-year 224 (48.55) 531 (65.6%) 6,553 (91.9%) 1,730 (93.9%) <0.001

Overall mortality 268 (58.0%) 615 (76.0%) 6,706 (94.1%) 1,755 (95.3%) <0.001

Overall ICU mortality 128 (27.7%) 297 (36.7%) 3,531 (49.5%) 1,074 (58.3%) 0.066

LOS of ICU 176.6±419.2 179.4±411.3 26.2±79.4 23.6±66.1 <0.001

Survival from ICU discharge 239.9±477.0 236.7±394.5 123.2±269.6 67.9±209.6 <0.001

LOS, length of stay; ICU, intensive care unit.

outcomes of patients who did not receive any cancer-related 
treatment and those of patients with pathological stage IV. 
This suggests that whether cancer is controlled by cancer-
related treatments or not may be an important factor in 
medical ICU outcomes. 

Previous studies (4,8,17,18) reported that important 
predictors of ICU mortality included the need for mechanical 
ventilators, number of organ failures, performance status, 
and cancer recurrence or progression. In our multivariate 
Cox regression model, the stage of lung cancer and the 
need for a mechanical ventilator were correlated with ICU 
outcomes. The need for a mechanical ventilator was found 
to be an important factor for survival in patients with early 
lung cancer, whereas for patients with advanced lung cancer, 
the effect of the cancer itself was of greater importance than 

the need for mechanical ventilators. Advancements in the 
use of mechanical ventilators in critical care medicine might 
have led to improved survival in early lung cancer patients. 
However, the outcomes of medical ICU for advanced 
lung cancer patients remains poor, regardless of these 
developments.

Better understanding of clinical outcomes for lung 
cancer patients admitting ICU can be achieved from large 
sample sized or population based studies. A population 
based observational study in the Scotland region showed 
that lung cancer were most common cases of ICU 
admission for emergency medical reasons and had greatest 
mortality of 60% among solid cancers, except lowest 
mortality in cases of postoperative ICU care (19). Another 
cohort study reported trends and risk factors of mortality 
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Figure 2 Intensive care unit admission for nonsurgical reasons according to clinical stage. Op_only, lung cancer resection only; Tx_
combined_with_op, combined systemic therapy with lung cancer resection; Tx_without_op, systemic therapy without lung cancer resection; 
no_Tx_with_meta, no treatment; refusal, refusal of any treatment.
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for patients with lung cancer in admitting to ICU using 
the US Medicare registry (17). Patients who received MV 
went could discharge with less than 20% and survived with 
only 15% after discharge, while the overall survival had not 
improved from 1992 to 2007. 

A multinational study was reported for the outcomes 
of ICU admission in patients with lung cancer (12). The 
study suggested that patients not fit for chemotherapy or 
patients with poor performance might be better to receive 
palliative care than ICU care in critically ill states. Our 
study has several strengths compared to above large scaled 
or population based studies. First, we evaluated a national 
claim data for Korean general population which all people 
are covered and followed up long terms of 5 years. Second, 
we separated from post-operative ICU admission known 

to result good prognosis. On these strengths, it can lead 
for physicians to decide more carefully and discuss in detail 
for whether to proceed ICU care including intubation and 
mechanical ventilation in patients with lung cancer.

There are several limitations to consider our results. 
First, potential selection bias could interfere results of 
our study. This study was not planed with prospective and 
randomized control design, and did not use propensity 
matching groups. However, this study could show 
comprehensive insights for ICU outcomes in critically ill 
patients with lung cancer, using a national population-based 
cohort, as like other national studies with important impact 
(12,17). Second, we used administrative reimbursement 
claim data for this study. The data did not include any 
information on the pathologic and radiologic findings of 
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lung cancer. We could not differentiate between small cell 
carcinoma and non-small cell carcinoma. In our study, 
TNM staging system could not be applied due to the innate 
limitations of claim data. The TNM stage at the time of 
diagnosis is important for planning future therapy and 
predicting the prognosis at the time of diagnosis. However, 
the cancer treatments that the patient actually received 
before being admitted to ICU are more important in the 
prognosis of intensive care. Third, we could not obtain the 
code status and performance status of lung cancer patients. 
Therefore, our results may have included futile critical 
care, with no clear distinction between treatment groups. 
However, these results have implications for understanding 
and assessing the actual critical care as not all hospitals are 
well-skilled and systematic in the treatment of critically 
ill patients with lung cancer. Despite these limitations, we 
have identified prognostic factors for ICU outcomes in 
critically ill patients with lung cancer in large sample size, 
population-based dataset

Conclusions

It is vital for physicians involved in critical care to 
understand factors influencing clinical outcomes of medical 
ICU in order to avoid futile treatment in patients with 
lung cancer and to use limited medical resources more 
effectively (1-3). Our study confirms that clinical cancer 
staging is the most important factor in predicting outcomes 
in critically ill patients with lung cancer, and that the need 
for a mechanical ventilator contributes to prognostic factors 
especially in early lung cancer patients. Further studies of 
prognostic factors for each stage of lung cancer are needed 
to establish appropriate critical care directions.
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