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Background: As the value of radiotherapy (RT) in intensive care unit (ICU) patients with lung cancer is
of uncertain efficacy, we evaluated characteristics, outcomes and RT utilization for such patients in Ontario,
Canada.

Methods: Multiple administrative databases were linked deterministically using unique encoded identifiers
to identify eligible patients between April 1, 2007, and March 31, 2014. Differences in patient, treatment,
institution and tumor characteristics between RT and non-RT groups at the level of episode of care were
compared. Overall survival (OS) was evaluated using the Kaplan-Meier method, with differences compared
using the log-rank test. Univariable and multivariable Cox proportional hazard modeling were performed to
assess the effect of RT on survival.

Results: RT was delivered in 133 episodes of care to 1.0% (n=131) of the 13,739 unique patients with
lung cancer. RT delivery was associated with younger age (median 65 vs. 68, P<0.001), ventilation (79.8%
vs. 38.2%, P<0.001) and longer ventilation duration (median 6 vs. 0 days, P<0.001). Pre-ICU disposition
via transfer (35.3% vs. 9.7%) or the emergency room (ER) (28.6% vs. 21.9%) was more likely in the RT
group (P<0.001). RT delivery varied, with half of the regions treating <5 patients each. ICU discharge was
common in both RT (n=75, 56.4%) and non-RT (n=10,405, 71.4%) cohorts. One-year OS was poor in both
groups, but most notably in the RT group (11.3% wvs. 42.4%). RT was associated with inferior 1-year OS on
unadjusted modeling (HR =1.99, P<0.001), with ventilation and pre-ICU disposition adjusting this finding
towards the null on multivariable modeling (HR =1.17, P=0.095).

Conclusions: Major geographic disparities exist in the rare use of RT for lung cancer in the ICU. A
significant proportion of patients receiving RT achieve discharge and a minority achieve prolonged survival,

suggesting that RT use may not be futile.
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Introduction

Lung cancer accounts for approximately 25% of all solid
malignancy intensive care unit (ICU) admissions (1).
The reasons for ICU care in this patient population
most commonly relate to malignant sequelae (2), which
in some instances may necessitate urgent anticancer
treatment. Overall, prognosis in these patients is dismal, as
approximately 1 in 4 will die during their hospital stay, with
fewer than 50% surviving beyond 6 months (3).

Although ICU admission for life-threatening events
in lung cancer patients is viewed by some as futile, an
increasing number of single institution (4-6) and population-
based (3,7) studies evaluating both prognostic factors and
survival outcomes have been helpful in guiding individual
patient decision making. In these studies, however, the use
of radiotherapy (RT) has not been systematically assessed.

Although RT is a cornerstone in the palliative
management of lung cancer (8), its use for patients in the
ICU is poorly described. To our knowledge, a single study
of 26 patients, evaluating the extreme scenario of RT for
malignant airway obstruction necessitating mechanical
ventilation (9,10), represents the only literature focusing on
the use of RT for intrathoracic malignancy in the ICU.

As the delivery of RT is an involved and costly process
that may merely prolong ICU stays and/or delay a proper
transition to end-of-life care planning, further examination
of such patients is warranted. Thus, the purpose of this
study is to describe characteristics, outcomes and RT use, in
a population-based cohort of lung cancer patients admitted
to the ICU in the province of Ontario.

Methods
Study design and cobort selection

"This is a population-based, retrospective study of a cohort
of lung cancer patients admitted to the ICU in Ontario,
Canada, between April 1, 2007, and March 31, 2014.
Patients were excluded if (I) they did not have a valid
provincial health insurance number; (II) they were not
an Ontario resident; or (III) if they were younger than
18 years or older than 105 years at the time of diagnosis.
The use of data in this project was authorized under section
45 of Ontario’s Personal Health Information Protection Act,
which does not require review by a Research Ethics Board.
This project was approved through a retrospective review
process by the institutional review board at Sunnybrook
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Health Sciences Centre, Toronto, Canada.

Data sources

Multiple administrative health care databases were used
to build the cohort of interest. These datasets were
linked using unique encoded identifiers and analyzed
at the Institute for Clinical Evaluative Sciences (ICES).
Records of ICU hospitalization were identified using the
Canadian Institute for Health Information Discharge
Abstract Database (CIHI-DAD) (11). RT and ICU
ventilation codes were obtained from the same database,
as it captures all diagnostics and procedures from all
inpatient hospital admissions. To verify cancer diagnosis,
we used the Ontario Cancer Registry (OCR), which
contains baseline information on approximately 98% of
incident malignancies in a population of 14 million (12).
In Ontario, physician services provided to patients are
covered through a universal health plan, thus all billings
related to ICU care, Intensivist/Oncologist consultation
and RT administration were obtained from the Ontario
Health Insurance Plan (OHIP) claims database. Finally,
using the Registered Person’s Database we obtained basic
patient demographic information, such as socioeconomic
data and vital statistics.

Patient factors

As patients could be eligible for multiple ICU admissions,
each consecutive-day admission into a facility designated
as an ICU was defined as an episode of care. Differences
in the receipt of RT were examined across patient age, sex,
income and region of residence. Patients were assigned
rural residence status if the population size of their
community was 10,000 or less. City postal codes were
used to derive Local Health Integration Network (LHIN)
designation and rural residence. In Ontario, healthcare
delivery is regionalized through 14 LHINS, and each LHIN
represents a group of facilities and services responsible for
the provision of healthcare to a population within a defined
geographic area. Patient comorbidity was classified using
the Charlson Index modified for administrative data (13),
with a lookback period of 5 years from the index ICU
admission date. International Classification of Disease
tenth revision (ICD-10) codes were used to identify cancer
type (i.e., primary lung versus metastatic neoplasm).
Patients were evaluated for previous health care system use,
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All CIHI-DAD medical or surgical intensive care nursing unit
admissions between April 1, 2007 and March 31, 2014

Y

| 479,486 episodes of care |

| Cancer diagnosis only |—>| 464,327 excluded
| 15,159 episodes of care |
Apply exclusion criteria
e Invalid ICES key number (IKN), missing date
of birth or sex (n<5)
Date of death precedes index date (n<180)
Age <18 or >105 years
Non-ontario resident (n<5)

No OCR record with diagnosis date before
1+ year following admission (n<260)

v

| 14,710 episodes of care |

Y Y

| 1383 radiotherapy | | 14,577 No radiotherapy

> 449 excluded

Figure 1 Summary of patient selection. ICES, Institute for
Clinical Evaluative Sciences; CIHI-DAD, Canadian Institute for
Health Information Discharge Abstract Database; OCR, Ontario
Cancer Registry.

including treatment with RT and ICU admission.

Institution and treatment information

As the delivery of RT for cancer in Ontario is centralized to
regional cancer centers, to receive RT, ICU patients could
be transported within a hospital that provides both ICU
and RT services, or transferred from a peripheral ICU unit
to a hospital that delivers RT. The total number of transfers
between institutions and total number of ICU visits were
counted for all RT and non-RT patients. The disposition
before ICU stay was abstracted, stratified by admission
to ICU from the emergency room (ER) and transferred
from a different institution or admission within the same
institution. Disposition after ICU stay was also obtained
and included death within ICU, transfer to a different
institution and discharge within the same institution.
Finally, criteria for defining mechanical ventilation vary
between OHIP and CIHI (14), and should be considered
when classifying patients according to this procedure. In
combination, these codes have been demonstrated to be
accurate in identifying ICU admission as well as the use
of some form of ventilation, however, their reliability in
defining invasive mechanical ventilation is less known.
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Statistical analysis

Significant differences between RT and non-RT groups
were compared using two sample #-tests for continuous
variables and Chi-square test for categorical variables.
Additionally, standardized differences were obtained for
all comparisons, with values >0.10 indicative of imbalance
between groups (15,16). The Kaplan-Meier method was
used to estimate overall survival (OS), measured from the
time of index ICU admission to death, with censorship at
last follow-up, up to a maximum of 1 year. Differences in
OS between the RT and non-RT groups were compared
using the log-rank test. Univariable and multivariable Cox
proportional hazards modeling were performed to assess the
effect of RT on survival. The multivariable Cox model was
built through manual selection of variables based on clinical
knowledge and statistical properties, including: age, sex,
rural status, income quintile, Charlson comorbidity index,
LHIN, previous treatment, previous ICU stay, ventilation
status, and histology. The proportional hazard assumption
was assessed in building the final multivariable model. All
statistical analyses were performed using SAS version 9.4
(SAS institute, Cary NC, USA) using two-sided testing
with a p-value threshold of <0.05 employed as statistical
significance.

Results

As depicted in Figure 1, in the 13,739 unique ICU patients
with lung cancer meeting the inclusion criteria, there were
a total of 14,710 episodes of care. Within these, episodes of
RT delivery were rare (n=133, 0.9%; across n=131 patients).
The RT group tended to be younger (median age 65 vs. 68,
P<0.001), but with worse baseline characteristics, including
being on some form of supportive ventilation in the ICU
(79.8% wvs. 38.2%, P<0.001), and longer ventilation duration
{median (IQR): 6 [1-11] vs. 0 [0-2] days, P<0.001}. Pre-
ICU disposition in RT patients was more likely to be from
the ER (28.6% vs. 21.9%) or via transfer from a different
institution (35.3% vs. 9.7%) (P<0.001). The RT group
tended to have increased healthcare utilization, with more
frequent prior ICU stays (mean: 1.53 vs. 1.37, P=0.029).
Additional characteristics, stratified by the receipt of RT,
are summarized in Tables 1-3.

RT delivery varied across geographic LHIN regions,
with half of the 14 LHINSs treating 5 patients or fewer.
Similarly, 2 LHINSs accounted for the majority of patients
who were transferred from one institution to another
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Table 1 Baseline characteristics of patients stratified by receiving radiotherapy reported at the level of episode of care

Characteristic RT (n=133) No RT (n=14,577) SD P value
Number of unique patients, n (%) 131 (98.5) 13,608 (93.4) - -
Index diagnosis, n (%)

Lung cancer 124 (93.2) 11,315 (77.6) 0.45* <0.001*

Metastases cancer 9 (6.8) 3,262 (22.4) 0.45% -

Histology, n (%)

Non-small cell lung cancer 91 (68.4) 10,002 (68.6) 0.00 0.962
Adenocarcinoma 31 (23.3) 5,487 (37.6) 0.32* <0.001*
Squamous 32 (24.1) 2,530 (17.4) 0.17* 0.042*
Other non-small cell lung cancer 28 (21.1) 1,985 (13.6) 0.20* 0.013*

Small cell lung cancer 3(17.3) 870 (6.0) 0.36* <0.001*

Lung neoplasm NOS 17 (12.8) 17 (12.8) 0.06 0.485

Age at index date, median [IQR] 65 [56-71] 68 [60-75] 0.32* <0.001*
Female, n (%) 65 (48.9) 6,570 (45.1) 0.08 0.38
Income based socioeconomic status, n (%) 0.181

Quintile 1 39 (29.3) 3,187 (21.9) 0.17

Quintile 2 26 (19.5) 3,147 (21.6) 0.05

Quintile 3 25(18.8) 2,840 (19.5) 0.02

Quintile 4 7(12.8) 2,821 (19.4) 0.18

Quintile 5 26 (19.5) 2,516 (17.3) 0.06

Missing 0 (0.0) 66 (0.5) 0.10

Rural location, n (%) 28 (21.1) 2,441 (16.7) 0.11* 0.403
Region by LHIN, n (%) <0.001*
<5 855 (5.9) 0.23*

B 27 (20.3) 1,131 (7.8) 0.37*

C 8 (6.0) 632 (4.3) 0.08

D 9 (6.8) 1,181 (8.1) 0.05

E 0(0.0) 339 (2.3) 0.22*

F <5 683 (4.7) 0.13*

G 19 (14.3) 3,018 (20.7) 0.17*

H <5 1,604 (11.0) 0.32*

I 9 (6.8) 1,553 (10.7) 0.14*

J 18 (13.5) 642 (4.4) 0.32*

K 28 (21.1) 1,170 (8.0) 0.38*

L 0(0.0) 341 (2.3) 0.22*

M <5 942 (6.5) 0.16*

N <5 486 (3.3) 0.12*

Charlson comorbidity index, n (%) 0.034*

0 <5 168 (1.2) 0.17*

1 <5 192 (1.3) 0.07

2 23 (17.3) 2,674 (18.3) 0.03

>3 102 (76.7) 11,543 (79.2) 0.06

*, P values <0.05 and SD >0.10. RT, radiotherapy; SD, standardized difference; IQR, interquartile range; LHIN, Local health integration
network; NOS, not otherwise specified.

© Journal of Thoracic Disease. All rights reserved. jtd.amegroups.com F Thorac Dis 2018;10(3):1440-1448



1444 Louie et al. RT for lung cancer in ICU

Table 2 Healthcare utilization of patients stratified by receiving radiotherapy reported at the level of episode of care

Characteristic RT (n=133) No RT (n=14,577) SD P value

Total number of ICU visits with cancer diagnosis, n 149 14,802 - -

Number of ICU admissions per patient

Mean (SD) 1.53+1.02 1.37+0.80 0.17*  0.029*

Median [IQR] 1[1-2] 1[1-2] 0.19*  0.022*
At least one transfer, n (%) 47 (35.3) 1,417 (9.7) 0.64* <0.001*
Total number of transfers, n 52 1,875 - -

Number of visits restricted to patients with at least one transfer

Mean + SD 2.11+0.31 2.32+0.57 0.47*  0.009*

Median [IQR] 2 [2-2] 2 [2-3] 0.46*  0.007*
Originating LHIN before transfer restricted to patients with at least one transfer, n (%) 0.011*

A <5 98 (6.9) -

B 10 (21.3) 145 (10.2) 0.31*

o] <5 62 (4.4) -

D <5 137 (9.7) -

E <5 36 (2.5) -

F 0(0.0) 51 (3.6) 0.27*

G <5 131 (9.2) -

H <5 79 (5.6) -

| <5 138 (9.7) -

J <5 99 (7.0) -

K 15 (31.9) 192 (13.5) 0.45*

L <5 74 (5.2) -

M <5 138 (9.7) -

N 0(0.0) 37 (2.6) 0.23*

Treatment for cancer in previous 2 years, n (%)

Radiation 11(8.3) 1,533 (10.5) 0.08 0.4

Chemotherapy 8 (6.0) 898 (6.2) 0.01 0.945
Previous ICU admission in last 5 years, n (%) 30 (22.6) 3,602 (24.7) 0.05 0.566
Ventilation during ICU admission, n (%) 105 (79.8) 5,563 (38.2) 0.91* <0.001*

Number of ICU days with ventilation
Mean + SD 7.22+7.73 2.12+7.17 0.68* <0.001*
Median [IQR] 6 [1-11] 0 [0-2] 1.07*  <0.001*

*, P values <0.05 and SD >0.10. RT, radiotherapy; ICU, intensive care unit; SD, standardized difference; IQR, interquartile range; LHIN,
local health integration network.
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Table 3 Baseline characteristics of patients admitted to the intensive care unit with a cancer diagnosis, stratified by receiving radiation therapy

and reported at the level of episode of care

Characteristic RT (n=133) No RT (n=14,577) SD P value
Disposition before and after ICU admission
Disposition before ICU admission, n (%) <0.001*
Transferred from different institution 47 (35.3) 1,417 (9.7) 0.61*
Admitted to ICU from emergency department 38 (28.6) 3,189 (21.9) 0.15*
Admitted within same institution 48 (36.1) 9,971 (68.4) 0.68*
Disposition after ICU admission, n (%) <0.001*
Died in ICU 36 (27.1) 2,555 (17.6) 0.23*
Transferred to different institution 9 (6.8) 615 (4.2) 0.11*
Discharged into same institution 66 (49.6) 9,790 (67.2) 0.36*
Not otherwise specified 22 (16.5) 1,617 (11.1) 0.16*
Discharged alive from ICU, n (%) 97 (72.9) 12,022 (82.5) - -
0S*, n (%)
3-month survival 31 (23.3) 8,356 (57.3) - -
1-year survival 15 (11.3) 6,183 (42.4) - -

*, P values <0.05 and SD >0.10; ¥, calculated from ICU discharge date. RT, radiotherapy; ICU, intensive care unit; SD, standardized difference;

OS, overall survival.

Table 4 Characteristics of ALR records for patients receiving
radiotherapy reported at the level of episode of care

Patients receivin
Characteristic 9

radiotherapy

Number of unique episodes of care, n (%) 124
Received chemotherapy, n (%) 11 (8.9)
Radiation treatment intent, n (%)

Adjuvant 0 (0.0)

Curative 16 (12.9)

Neoadjuvant <5

Palliative 109 (87.9)

Undefined <5

ALR, activity level reporting.

institution for ICU admission and RT treatment (21.3%
and 31.9% of total RT patients, respectively). In contrast, in
the non-RT group, institutional transfer was less common,
ranging from 2.6% to 13.5% across LHINs. RT details are
summarized in Table 4.

Of the non-RT patients, 536 (3.7%) were identified as

© Journal of Thoracic Disease. All rights reserved.

jtd.amegroups.com

having received RT to a non-thoracic target. In this non-
RT cohort, most (84.7%) did not have a consultation
with a Radiation Oncologist within 1 month prior to ICU
admission. In contrast, for RT patients, most Radiation
Oncologist consultations were within the ICU admission
episode (78.9%).

Post-ICU disposition differed between the two cohorts,
with RT patients more commonly dying in the ICU
(27.1% vs. 17.6%), and less frequently being discharged
into the same institution (49.6% vs. 67.2%) (P<0.001).
While ICU discharge was common in both RT (n=75,
56.4%) and non-RT (n=10,405, 71.4%) cohorts, 1-year OS
was poor with both groups, but most notably in the RT
group (11.3% wvs. 42.4%). OS, stratified by the use of RT,
is shown in Figure 2. RT was associated with inferior 1-year
OS on unadjusted modeling (HR: 1.99, 95% CI: 1.65-2.38,
P<0.001), with ventilation status and pre-ICU disposition
adjusting this finding towards the null on multivariable
modeling (HR: 1.17, 95% CI: 0.97-1.40, P=0.095).

Discussion

Although literature on management and outcomes of

J Thorac Dis 2018;10(3):1440-1448
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Figure 2 Kaplan-Meier plot of OS stratified by receiving
radiotherapy therapy. OS, overall survival.

patients with lung cancer admitted to the ICU is growing,
across studies, there remains a paucity of RT-specific data.
The value of RT in these patients is of uncertain efficacy;
yet RT may be associated with prolongation of ICU stays,
delay of transition to end-of-life care, and increased costs.
Given the increasing rates of ICU care for lung cancer
patients worldwide and the proven role of RT in lung
cancer in general, we report a population-based analysis, to
our knowledge the largest such study, focusing on patterns
of RT treatment, outcomes, and potential predictors of
survival. There are several key findings in the present study.
First, although ICU admission in lung cancer patients is
associated with a poor OS, a significant minority of patients
treated with RT may be discharged from the ICU and
achieve prolonged survival, suggesting that the use of RT
may not be futile. Second, despite the centralized delivery
of RT in larger centers within Ontario, there are significant
disparities on the delivery of RT, whereby the majority of
RT treatments occur in one of a few centers. This result
is highlighted by the differential willingness to refer and/
or consider RT within regions of practice, as reflected by
the low rate of radiation oncology consultation (15.3%) in
the non-RT group. Third, RT patients have higher rates
of transfer from the ER or another institution (rather than
from within the same institution) to the ICU, as well as
higher rates of ventilation when compared to their non-
RT counterparts. When adjusting for these two negative
prognostic factors on multivariable regression modeling,
there was no difference in OS between the two groups,
again suggesting that the use of RT may not be futile.

The present population study builds on the current
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knowledge regarding the management of lung cancer
patients in the ICU. In a multi-institutional prospective
study of 449 lung cancer patients in the ICU, it was
reported that approximately 50% had cancer-related
complications, in which a minority of patients were treated
emergently with chemotherapy (n=25, 5%) or radiation
(n=5, 1%). Most admissions were because of a new diagnosis
of lung cancer (n=318, 71%), with airway compromise
by tumor (n=116, 26%) being the most commonly cited
reason.

Our institutional experience on the use of RT for
malignant airway obstruction necessitating mechanical
ventilation in the ICU suggested that RT resulted in
extubation success (ES, defined as >48 hours of extubation
without re-intubation) in 27% of patients. Recognizing the
small number of patients in this retrospective review, the
use of higher doses of RT appeared to be associated with
both ES and OS on regression analyses. In the present
population study, RT doses and more granular information
related to the type of invasive ventilation used were not
routinely available, which limits the ability to support our
previous hypothesis-generating conclusions.

Other anticancer therapies have been evaluated for
the ICU lung cancer patient. In small cell lung cancers,
platinum-based doublet chemotherapies have been
reported to result in dramatic responses in selected case
series (17,18). Regarding newer targeted agents, Inoue and
colleagues performed a phase II study investigating the
efficacy and feasibility of gefitinib in advanced NSCLC
patients harboring epidermal growth factor receptor (EGFR)
mutations (19). In this small cohort of predominantly
poor [3-4] performance status (PS) patients, the overall
response rate was 66%. In fact, 68% of the PS 3-4 group
had improvement in their PS to <1 after treatment. The
literature on this so-called Lazarus response on lung
cancer patients with oncogenic mutations (i.e., EGFR and
anaplastic lymphoma kinase, ALK) in the ICU was recently
reviewed, with the identification of 6 case reports and an
additional 4 articles describing institutional outcomes (20).
In select cases, empiric EGFR tyrosine kinase inhibitor
was administered, on the basis of risk factors such as non-
smoker, female and Asian race. Although there are growing
reports arguing for the suitability of targeted agents
for critically ill lung cancer patients in the ICU, to our
knowledge, there are no reports describing such outcomes
with newer immunotherapy agents. Indeed, in selected
patients immunotherapy has compared favorably with
standard first-line chemotherapy in the metastatic non-
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small cell lung cancer setting (21), however; this potentially
paradigm-shifting development may also have important
ramifications for the ICU clinician. As Guillon et 4l. state,
“we bave entered a time when triage criteria based on lung cancer
prognosis will be almost impossible to define for the ICU clinician.
Consequently, ICU admissions will have to be determined by high-
quality consultation between the intensivist and thoracic-oncologist
to define prognosis and appropriate treatment goals” (22).

As is typically the case when using administrative data,
the results of the present study need to be considered in the
context of inherent limitations due to lack of information
regarding relevant clinical characteristics such as the goals
of care, PS, and true mechanical ventilation status. Given
the poor overall health of the cohort studied, it is difficult
to fully understand the complex interaction of lung cancer,
competing risk and the potential effect of RT.

Conclusions

It is clear that lung cancer patients in the ICU within
Ontario have a poor OS. The use of RT in this setting is
rare, and geographic disparities exist in its utilization within
a publically funded healthcare system. Those receiving RT
are more likely to present via transfer or the ER, with a
significant proportion achieving discharge and a minority
prolonged survival, suggesting that RT use may not be
futile. Thus, further research is warranted to elucidate the
role of RT in these patients, to look at strategies to mitigate
challenges in its utilization and to determine which patients
may incur the most benefit from its use.
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