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Abstract

Background Intensive care unit (ICU) admission of advanced
cancer patients is controversial because it is associated with
poor short-term prognosis. However, ICU admission of these
patients might also result in administration of specific antican-
cer treatments and evaluation of tumor characteristics, which
could influence long-term outcomes. Herein, we investigate
whether there is a relationship between ICU admission and
long-term outcomes for advanced cancer patients.

Methods We analyzed 116 advanced cancer patients who
were admitted to the ICU at Severance Hospital, Yonsei
University, between January 2010 and December 2012. We
excluded palliative care-only patients. We analyzed demo-
graphic, clinical, and survival data of patients admitted to
the ICU, and we identified patient characteristics that were
measured upon presentation to ICU to determine whether any
of these are prognostic or predictive factors of short- or long-
term survival.

Results The median age of our study sample was 64 years.
Sixty-nine (59.5 %) patients were male. Lung, breast, and
stomach were the most common primary tumor sites.
Eighty-seven (75 %) patients had received active anticancer
treatment within the past 30 days. The main cause of ICU
admission was acute respiratory failure (73 %); thus, 102
(87.9 %) patients were managed with conventional mechani-
cal ventilation, 99 (85.3 %) patients in vasopressor and 31
(26.7 %) patients received continuous renal replacement
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therapy (CRRT). Twenty-four (20.7 %) patients were in
postresuscitation status before ICU admission. The ICU, hos-
pital, and 6-month survival rates were 51.7, 31.0, and 15.5 %,
respectively. APACHE II score (HR 2.86, 95 % CI 1.00-8.15,
P<0.050) and need for CRRT (HR 2.14, 95 % CI 1.24-3.70,
P<0.007) were associated with ICU mortality in a Cox-
regression model. Eastern Cooperative Oncology Group
(ECOG) performance status (HR 1.64, 95 % CI 1.03-2.62,
P<0.010) was associated with poor prognosis, and controlled
disease status (HR 0.372, 95 % CI 0.21-0.67, P<0.001) was
found to be a good prognostic factor for 6-month survival after
ICU admission.

Conclusions Clinical factors associated with acute, critical
status upon ICU admission, such as APACHE II score and
need of CRRT, were associated with a higher risk of ICU
mortality and short-term mortality than factors directly asso-
ciated with the patient’s cancer. To understand the relationship
between ICU admission and long-term survival, however, we
have to apply more comprehensive approach that also con-
siders tumor characteristics and disease control status.

Keywords Intensive care unit - Advanced cancer - Short-term
survival rate - Long-term survival rate

Introduction

The duration of survival for advanced and metastatic cancer
patients has substantially prolonged in recent decades due to
advances in diagnostics, antineoplastic treatment, and sup-
portive care [1]. In the other side, they may have more chance
during their afterlife to receive intensive care in an intensive
care unit (ICU), either for cancer-related complications or for
treatment-associated side effects [2—5]. Although the survival
of critically ill cancer patients is improving, their mortality
after ICU admission remains significantly higher than that of
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patients who were admitted to the ICUs for non-cancer-related
critical disease [6—8]. Previous studies showed that there are
wide variations in prognosis depending on the cancer type,
stage, reason for admission, and patient comorbidities. Some
studies have shown that severity and cause of acute illness,
rather than underlying cancer characteristics, are predictive of
short-term mortality [5, 7, 9].

The decision regarding whether advanced cancer patients
should be admitted to the ICU is based on a complex suite of
considerations, including short- and long-term prognosis,
quality of life, and therapeutic options to treat cancer; even
the wishes of patient and their family must be considered.
Metastatic cancer patients usually receive palliative care and
have poor long-term survival. Therefore, their admission to
ICU raises concerns about patient suffering and meaningless
treatment with high financial and resource costs [2, 9].

A Dbetter understanding of clinical factors associated with
short- and long-term mortality may support more informative
discussions between advanced cancer patients and clinicians
about patient’s prognosis after critical illness [10, 11]. 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 mechanical ventilatory support [12].
Furthermore, such discussions tend to reduce unnecessary
treatment and wasteful financial and resource use. Therefore,
the aims of this study were to describe demographic, clinical,
and survival data and to identify factors associated with short-
and long-term mortality in critically ill advanced cancer pa-
tients who were admitted to the ICU.

Patients and methods
Patients

We designed a retrospective study, analyzing data from the
medical records of all patients with advanced cancer admitted
to the ICU of a tertiary hospital in Seoul, Korea, between
January 2010 and December 2012. This hospital has 180 beds
dedicated to cancer care and a closed-unit medical ICU with
18 beds. The policies guiding ICU admission were developed
by a multidisciplinary medical staff that included a medical
oncologist and a critical care specialist. To be admitted, pa-
tients are generally required to have potential for recovery
from their acute problems; thus, admission of palliative care-
only patients is limited.

During the study period, a total of 140 consecutive patients
with prior diagnosis of advanced cancer were admitted to the
ICU. Twenty-four patients were excluded (17 were on adju-
vant or neoadjuvant chemotherapy not in metastatic disease,
two had hematologic malignancies, such as diffuse large B-
cell lymphoma, and five were in complete remission; Fig. 1).
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Data collection

The following clinical data were collected for 116 enrolled
ICU patients: age, gender, type of malignancy, time since
diagnosis, number of metastatic sites, number of previous
lines of chemotherapy, current cancer status (controlled or
not), active treatment in the past 30 days (yes or no), and
performance status (PS) within the preceding week according
to Eastern Cooperative Oncology Group (ECOG) guidelines
[7]. Whether or not the patient received cardiopulmonary
resuscitation (CPR) before ICU admission and main reason
for ICU admission was recorded. The severity of the acute
illness was assessed within 24 h of initial admission to the ICU
using Acute Physiology and Chronic Health Evaluation II
(APACHE 1II) system. APACHE Il is based on 13 parameters:
age, temperature, mean arterial pressure, heart rate, respiratory
rate, oxygenation, serum sodium, potassium, creatinine, he-
moglobin, white blood cell counts, Glasgow Coma Score, and
chronic organ insufficiency/immunocompromised organs
[13].

For each patient, we recorded type and number of organ
failures during ICU admission as follows: (i) acute respiratory
failure defined as respiratory rate >25 breaths/minute, cyano-
sis, clinical symptoms of respiratory distress, or PaO,/FiO,
<300 mmHg; (ii) neurological failure defined as Glasgow
Coma Scale score <10, or subjective criteria, such as confu-
sion, decreased responsiveness, or coma in absence of seda-
tion; (iii) renal failure defined as creatinine level >1.4 mg/dL,
or creatinine clearance (Cockcroft formula) <60 ml/min; and
(iv) infection defined as the presence of pathogenic microor-
ganism in a sterile site (such as blood, abscess fluid, or ascites)
and/or clinically suspected infection resulting in septic shock
that requires application of vasopressors. Cases of pneumonia
and meningitis were categorized as respiratory failure and
neurologic failure, respectively.

The main types of management administered in the ICU
were conventional mechanical ventilation, vasopressor, and
continuous renal replacement therapy (CRRT). The length of
ICU or hospital stay was measured as number of days from
admission to ICU to discharge from ICU or hospital. We
defined hospital mortality to include death during admission
and death within 7 days of discharge to include four patients
whose deaths were imminent but were discharged beforehand.
The type of discharge from ICU (alive, dead, or palliative care
only) and patient’s vital status 6 months postdischarge from
ICU (alive or dead) were also recorded. This study was
conducted in accordance with the guidelines of Severance
Hospital Institutional Review Board.

Statistical analyses

Continuous variables were reported as means or medians
(with 2575 % interquartile ranges), and categorical variables
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01/Jan/2010~31/Dec/2012
140 Oncologic Patients Admitted to ICU

Hematology(DLBCL) : 2
Complete remission : 5

Excluded Ongoing adjuvant/neoadjuvant

chemotherapy : 17

» Total : 24 patients

116 Advanced Cancer Patients

ICU non-survivors : 56

A4
ICU survivors : 60
Hospital Hospital
Non-survivors : 24 Survivors : 36
6-month 6-month
Non-survivors : 18 Survivors : 18

Fig. 1 A total of 140 consecutive patients with prior diagnoses of
advanced cancer were admitted to the ICU. Twenty-four patients were
excluded because they are not applicable to advanced stage. Sixty patients
were ICU survivors and 56 patients were dead in the ICU, namely ICU

were reported as a number (and %), unless otherwise stated.
To investigate the association between clinical outcomes of
ICU admission, 6-month mortality, and the other covariates,
univariate analyses were performed using log-rank test for
categorical variables. The significance level was set at a P
value of less than 0.05. A Cox proportional hazard model was
used for our multivariate approach; for our multivariate mod-
el, we only included variables that were associated with a
significant P value in univariate analyses. Survival was ana-
lyzed by the Kaplan—-Meier method, using day of ICU admis-
sion until ICU discharge or 6-month all-cause death as the
time interval. Patients still alive at the end of this study period
were censored at the last follow-up. All statistical analyses
were performed using SPSS, version 20.0 (IBM, Armonk,
NY, USA).

Results
Baseline characteristics of patients upon ICU admission

The demographic and clinical characteristics of all 116 pa-
tients are shown in Table 1. Patient median age was 64.0 years
(range, 31 to 86 years), and 69 patients (59.5 %) were male.
Malignancy types were as follows: lung cancer (n=37;

non-survivors. Of ICU survivors, 36 patients were discharged from
hospital, and of them, 18 patients were alive over 6 months, so-called
6-month survivors

31.9 %), breast cancer (n=17; 14,7 %), stomach cancer (n=
12; 10.3 %), head and neck cancer (n=11; 9.5 %), colorectal
cancer (n=7; 6.0 %), hepatobiliary cancer (n=7; 6.0 %), sar-
coma (n=6; 5.2 %), gynecologic malignancy (n=5; 4.3 %),
prostate cancer (n=3; 2.6 %), genitourinary malignancy (n=3;
2.6 %), and others (n=8; 6.9 %).

Most of patients (n=87, 75.0 %) underwent active antican-
cer therapy within 30 days prior to ICU admission, which
meant that these 87 patients had longer expected survival than
the average life expectancy for people with the same disease
status. Fifty-six patients (48.3 %) had no comorbidities and 31
patients (26.7 %) had one comorbidity. There were 68 patients
with ECOG performance status (PS) of 0—1 (58.6 %). Eighty-
four patients (72.4 %) had two or fewer metastatic sites, and
99 patients (85.3 %) underwent less than second-line chemo-
therapy. Median time from diagnosis of metastatic cancer to
ICU admission was 3.8 months for our patient sample.

Patient disease status classified total patients into two
groups followed by their last response evaluation with
RECIST version 1.0, controlled or uncontrolled disease
groups. The controlled disease status included the following:
partial response and stable disease (n=28, 24.1 %). The un-
controlled disease status included newly diagnosed status (n=
27, 23.3 %), regimen-changed status within the past 30 days
(n=36,31.0 %), and progressive disease plan to receive a new
treatment course (n=25, 21.6 %).
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Table 1  Basal characteristics of patients Table 2 Major causes and management outcome of ICU admission
Clinical variables Number Percent Clinical variables Number Percent
(116) (116)
Age 64 (31-86) APACHE IT 23 (10-48)
(years, median) score (median)
Gender Men 69 59.5 Main causes Respiratory failure 73 62.9
Women 47 40.5 Neurology 11 9.5
Type Lung 37 319 Nephrology 10 8.6
of malignancy Breast 17 14.7 Infection 9 7.8
Stomach 12 103 Cardiology 7 6.0
Head and neck 11 9.5 GI Bleeding 6 52
Colorectal 7 6. CPR before Yes 24 20.7
Hepatobiliary 7 6.0 ICU admission No 92 793
Sarcoma 6 52 Managements Conventional MV 102 87.9
Gynecology 5 43 in ICU Vasopressor 99 85.4
Prostate 3 2.6 CRRT 31 26.7
Genitourinary 3 2.6 Discharge Alive 41 353
Others 8 6.9 from ICU Death 56 483
Number 1 48 414 Palliative care only 19 16.4
of metastasis 2 36 31.0
=3 3 276 CPR cardio pulmonary resuscitation, Conventional MV conventional
- ’ mechanical ventilation, CRRT continuous renal replacement therapy
Number 0 56 483
of comorbidities 1 31 26.7
22 29 25.0 meningitis, was present in 9 patients (7.8 %), cardiologic
Active treat‘;‘gfg Yes 87 75.0 problems occurred in 7 patients (6.0 %), and gastrointestinal
inrecent 3V EYS - No 29 25.0 tract bleeding occurred in 6 patients (5.2 %). Twenty-four
Line 0 18 15.5 patients presented to the ICU immediately after receiving
of chemotherapy 58 50.0 CPR, and the most common reason for receiving CPR was
2 23 19.8 respiratory arrest (70.8 %, 17/24). During their ICU stay, 102
>3 17 14.7 (87.9 %) patients required endotracheal intubation with con-
Known disease Controlled ventional mechanical ventilatory support; the median length
Stdam‘s before Icu Partial response 28 24.1 of mechanical ventilatory support was 4.0 days. Among these,
aamission 4 . . .
and stable disease 27 patients underwent tracheostomies due to prolonged time
Uncontrolled . . . o . .
] on ventilator care. Ninety-nine (85.3 %) patients required
Newly diagnosed 27 233 o
Read haneed 36 310 vasopressors for blood pressure support, and 31 (26.7 %)
egimen C B . . . .
& ) _g patients required CRRT. Thirty-two (27.6 %) patients were
Progression disease 25 21.6 . .
septicemic, as confirmed by blood culture.
ECOG PS 0-1 68 58.6
>2 48 41.4

ECOG PS Eastern Cooperative Oncology Group Performance Status

Major causes of ICU admission and management strategies

The major causes of and patient management during ICU
admission are shown in Table 2. The most common cause of
ICU admission was acute respiratory failure (n=73; 62.9 %).
Pneumonia was the most common reason for respiratory
failure (65.8 %, 48/73), and airway obstruction by tumor mass
was the next common (6.8 %, 5/73). Neurologic failure was
present in 11 patients (9.5 %), renal failure occurred in 10
patients (8.6 %), infection, excluding pneumonia and
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Clinical outcomes after ICU admission

The median length of ICU stay was 6 days (range, 1 to
63 days), and hospital stay was 10.5 days (range, 1 to
149 days). ICU discharge types were as follows: 41 patients
were alive upon discharge (35.3 %), 56 patients were dead
(48.3 %), and 19 patients were discharged alive and were
receiving palliative care only (16.4 %). ICU mortality was
48.3 % (56/116), and overall hospital mortality (including
death within 7 days of hospital discharge) was 69.0 % (80/
116). The 6-month survival rate of ICU survivors was 30.0 %
(18/60), and the median survival duration of those 18 patients
was 366 days.
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We performed univariate and multivariate analyses for ICU
mortality (Table 3). Factors associated with significantly
higher ICU mortality in univariate analyses were APACHE
II score (P=0.013), thrombocytopenia (P=0.024), septicemia
(P=0.033), and need for CRRT (P=0.000). ECOG PS was
associated with ICU mortality, but not significantly (P=
0.160). When these variables were placed in a Cox propor-
tional hazard model, the main prognostic factors of poor ICU
survival prognosis were higher APACHE II score (hazard
ratio (HR) 2.857; 95 % confidence interval (CI) 1.002—
8.149; P=0.050) and need for CRRT (HR 2.139; 95 % ClI,
1.237-3.700; P=0.007).

Table 4 summarizes univariate and multivariate analyses
for 6-month mortality. Factors associated with significantly
higher 6-month mortality not only were the same as for ICU
mortality, APACHE II score (P=0.001), septicemia (P=
0.031), and need for CRRT (P=0.000) but also included
ECOG PS (P=0.006), need for vasopressor therapy (P=
0.002), having received CPR (P=0.009), and controlled dis-
ease status (P=0.013). Thrombocytopenia (P=0.075) and
progression of disease status (P=0.063) were also associated
with 6-month mortality, but not significantly. When these
variables were placed in a Cox proportional hazard model,
the main prognostic factors of poor 6-month survival were
APACHE 1I score (HR 2.083; 95 % CI 1.208-3.592; P=
0.008), ECOG PS (HR 1.575; 95 % CI, 1.035-2.395; P=
0.034), and controlled disease status (HR 0.438; 95 % CI
0.255-0.754; P=0.003).

Discussion

We assessed the outcomes for advanced cancer patients ad-
mitted to the ICU and identified factors influencing short-term
and long-term ICU mortality. We defined 6-month survival as
long-term survival and ICU survival as short-term survival.
Our study showed that clinical factors presenting as acute
illness upon ICU admission, such as higher APACHE II score
and need for CRRT, were more significantly associated with
ICU (short-term) mortality than factors related to malignancy
itself. However, for patterns of long-term survival after ICU
admission, we have to take comprehensive approach that
considers tumor characteristics and disease control status.
Previous studies have sought to identify clinical variables
that are associated with poor ICU outcomes, including ICU
survival rate. Reichner et al. [14] found that need for mechan-
ical ventilation, advanced lung cancer stage, and higher se-
quential organ failure assessment score were associated with
poor outcome. Boussat et al. [15] concluded that acute pul-
monary disease and Karnofsky performance status score of 70
were associated with higher mortality among primary lung
cancer patients. Soares et al. [16] found that the best predictors

of poor ICU outcome were severity of comorbid illnesses, the
number of organ system failures, cancer recurrence or pro-
gression, and airway infiltration or obstruction by cancer. In
our study, we identified several predictors of poor ICU out-
come that included high APACHE II score, thrombocytope-
nia, septicemia, and need for CRRT. However, in multivariate
regression, only APACHE II score and need for CRRT pre-
dicted ICU mortality. Regarding the need for CRRT, renal
dysfunction is a common complication in patients with cancer
and may occur as consequence of cancer itself, cancer treat-
ment, or associated severe complications. Additionally, renal
dysfunction can impose limitations on types of chemotherapy
that can be administered [17]. For critically ill patients, acute
renal dysfunction usually occurs in the context of multiple
organ dysfunction and is associated with mortality rates rang-
ing from 53 to 93 % [18-20]. The outcomes of patients who
required dialysis after the first day in ICU were considerably
worse than those who did not, and no patient who required
CRRT beyond their fourth day in the ICU survived [21].

In contrast to short-term outcomes after ICU admission,
few studies have evaluated long-term outcomes for patients
who are discharged from the ICU alive [22]. We examined
patient survival rates 6 months after [CU admission to identify
associated prognostic factors. In addition to APACHE 11 score
and need for CRRT, ECOG PS and controlled disease status
before ICU admission were found to be significant prognostic
factors of 6-month survival not only in univariate analysis but
also in multivariate analysis [23]. In many studies, APACHE
II score was used with varying success to predict outcomes in
cancer patients [24-26, 7, 27]. Christodoulou et al. [7] and
Roques et al. [28] found that an ECOG PS of 3—4 was the only
characteristic that associated significantly with patient out-
come in multivariate analyses. The ECOG PS, which is a
simple, but highly effective clinical tool, serves as a proxy
for patients’ overall health status. It is used to determine
whether patient can receive chemotherapy, whether dose ad-
justment is necessary, and whether patient is eligible to be
enrolled in a clinical trial.

In our study, ICU mortality was not correlated with primary
tumor site, location of metastatic sites (data not shown),
number of metastatic sites, number of comorbidities, or pre-
vious chemotherapy treatment lines. In other words, non-
cancer related, acute, critical illness was more important in
predicting patient mortality than characteristics related direct-
ly to patient cancer. This finding is consistent with those from
other oncological population studies [7, 29, 30].

CPR is perhaps the most intensive form of care delivered in
hospital or ICU setting. Unfortunately, the chance of survival
after cardiopulmonary arrest in patients with advanced cancer
is rare, with only approximately 5 % of CPR patients alive at
the time of hospital discharge [31-33]. In our study, 24 pa-
tients underwent CPR and none were alive after 6 months.
There can be extensive damage from intensive end-of-life
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medical interventions. Caregivers of patients who died in the
ICU were more likely to suffer from posttraumatic stress
disorder than caregivers of patients who died at home under
hospice care [34]. This observation attests to the importance of
improved communication, in advance, between clinicians and
patients about intensive end-of-life (EOL) care and resuscita-
tion [35].

Our study has some limitations. First, this is a retrospective,
single institution study that may not represent general popu-
lation of critically ill cancer patients. We acknowledge that
patient care practices, such as EOL decisions, admission/
discharge ICU policies, and criteria to approve administration
of mechanical ventilator or CRRT, may vary across hospitals.
Second, the study of patients’ health-related quality of life
(QOL) could not be evaluated, because this is a retrospective
study. Ideal assessment of patient outcomes would include
multidimensional parameters as well as mortality. Third, due
to the cultural and social environment in Korea and other East
Asian countries, most advanced cancer patients do not make
EOL decisions by themselves. Therefore, admission of ad-
vanced cancer patients to ICU is usually decided by physi-
cians together with the patient’s family. This approach is far
from being ideal.

The admission of advanced cancer patients to ICU has
always been controversial. When there is uncertainty or dis-
agreement about the criteria for ICU admission, trial-basis
ICU management should be offered to ensure that patient
has a possibility of recovering from their acute complication.
After 3 days of full life-support management (including trans-
fusions, antibiotics, mechanical ventilation, vasopressors, and
dialysis), a reduction in the number of organ failures indicates
that additional life-sustaining treatment is in order, whereas
absence of response or increase in the number of organ fail-
ures should promptly discuss of the appropriateness of con-
tinuing aggressive treatments [36, 37].

In conclusion, accurate prediction of short- and long-term
survival helps physicians to plan terminal care management
and helps administrators properly allocate resources and sup-
port services. Advances in both oncology and intensive care
may have contributed to improved survival rates, along with
better selection of patients most likely to benefit from ICU
admission. A multidisciplinary assessment of these patients
would ideally be done prior to ICU admission.
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