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Abstract

Purpose: To describe trends in outcomes of cancer patients with unplanned admissions to intensive-care units (ICU)
according to cancer type, organ support use, and performance status (PS) over an 8-year period.

Methods: We retrospectively analyzed prospectively collected data from all cancer patients admitted to 92 medi-
cal-surgical ICUs from July/2011 to June/2019. We assessed trends in mortality through a Bayesian hierarchical model
adjusted for relevant clinical confounders and whether there was a reduction in ICU length-of-stay (LOS) over time
using a competing risk model.

Results: 32,096 patients (8.7% of all ICU admissions; solid tumors, 90%; hematological malignancies, 10%) were
studied. Bed/days use by cancer patients increased up to more than 30% during the period. Overall adjusted mortal-
ity decreased by 9.2% [95% credible interval (Cl), 13.1-5.6%]. The largest reductions in mortality occurred in patients
without need for organ support (9.6%) and in those with need for mechanical ventilation (MV) only (11%). Smallest
reductions occurred in patients requiring MV, vasopressors, and dialysis (3.9%) simultaneously. Survival gains over time
decreased as PS worsened. Lung cancer patients had the lowest decrease in mortality. Each year was associated with
a lower sub-hazard for ICU death [SHR 0.93 (0.91-0.94)] and a higher chance of being discharged alive from the ICU
earlier [SHR 1.01 (1-1.01)].

Conclusion: Outcomes in critically ill cancer patients improved in the past 8 years, with reductions in both mortal-
ity and ICU LOS, suggesting improvements in overall care. However, outcomes remained poor in patients with lung
cancer, requiring multiple organ support and compromised PS.
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Introduction
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5 Department of Critical Care and Graduate Program in Translational
Medicine, D'Or Institute for Research and Education, Rio de Janeiro, Brazil The number of cancer patients admitted to intensive care

Full author information is available at the end of the article units (ICU) is rising [1-3]. Many patients are admitted
for postoperative care after major surgical resections and
generally present with good outcomes with low hospital
mortality [3]. However, despite recent improvements in

@ SPringer cancer care, the occurrence of life-threatening events,


http://orcid.org/0000-0003-2503-6088
http://crossmark.crossref.org/dialog/?doi=10.1007/s00134-020-06184-2&domain=pdf

171

such as cancer-related complications, sepsis, acute res-
piratory failure, need for urgent surgeries, among other
conditions, still poses challenge for oncologists and criti-
cal care physicians [1, 4-7]. Recent reports showed that
cancer might be present in over 38% of all patients that
died after receiving critical care in the last 90 days of
their lives [8].

The prognosis of critically-ill patients with cancer
appears to be improving in the last decades [1, 8-10],
although mortality for specific groups, including some
hematological malignancies, patients who underwent
allogeneic bone marrow transplant, and those requiring
multiple organ support remains relatively high [9, 11,
12]. Previous studies assessing outcome trends in these
patients are relatively scarce and with intrinsic limita-
tions to draw more robust conclusions. First, they were
performed in specialized cancer centers or used infor-
mation from large administrative databases with lim-
ited clinical characterization [9, 10, 13, 14]. Second, only
trends in crude mortality rates over time were reported.
Finally, understanding that cancer patients are a hetero-
geneous population and that their outcomes are depend-
ent on previous clinical health status and acute illness,
those studies are also limited by not evaluating sub-
groups of patients taking into consideration these clinical
characteristics.

To help bridging these gaps, we evaluated a large con-
temporary cohort of patients with cancer with unplanned
ICU admissions to assess changes in the admission clini-
cal profiles and outcomes over 8 years. Our primary
objective was determining the overall in-hospital mor-
tality over time adjusted for several clinical confounders
with focus on changes in the association between per-
formance status (PS) and organ support use across the
period in patients with different types of cancer. The ICU
length-of-stay (LOS) was the secondary endpoint.

Patients and methods

Study design and participating centers

This was a retrospective cohort study starting in July
2011 until June 2019. Patients were included based on
their ICU admission date. A total of 92 non-specialized
medical-surgical ICUs in 34 hospitals of an integrated
network of hospitals in several Brazilian States—Rede
D’Or Sao Luiz de Hospitais—participated in the study.
The number of participating units increased over time,
as new hospitals joined the network (sFigure 1 in the
Electronic Supplementary Material —ESM). Local Ethics
Committee and the Brazilian National Ethics Committee
(CAAE: 17079119.7.0000.5249) approved the study with-
out the need for informed consent.

Take-home message

Outcomes in critically ill cancer patients improved in the past eight
years, with reductions in both mortality and ICU LOS, suggesting
improvements in overall care. The fact that the largest improvement
in survival was seen in the less severely ill patients suggests that

ICU admission has a place in the management of complex patients
regardless of traditional markers of organ failure. On the other hand,
outcomes remained poor in patients with lung cancer, requiring
multiple organ support and compromised performance status.

Participants and data collection

For the purposes of the present study, we elected for
analysis only the first unplanned ICU admission for a
given adult (> 16 yo) patient with a definite diagnosis of
cancer before ICU admission due to acute medical com-
plications or for postoperative care after urgent surgeries
(defined as surgeries scheduled less than 24 h before the
procedure and excluding codes for known elective surgi-
cal procedures, such as cancer resections). Readmissions
and patients without comorbidity data were not con-
sidered. We retrieved all anonymized information from
an electronic system used for quality improvement and
benchmarking purposes for ICUs (Epimed Monitor®,
Rio de Janeiro, Brazil) [15]. This database contains pro-
spectively collected structured data of all admissions to
the participating ICUs, with a comprehensive clinical
characterization of patients including demographics,
ICU admission diagnosis, comorbidities, PS in the week
before hospital admission according to Eastern Coop-
erative Oncology Group (ECOGQ) stratified in 0-1, 2 or
3—4, as previously reported [16], Illness severity scores
(Simplified Acute Physiology Score—SAPS—3 [17], use
of organ support (mechanical ventilation—MYV, renal
replacement therapy—RRT, vasopressors), and ICU and
hospital outcomes (mortality and LOS) [15]. A flowchart
is shown in sFigure 2.

Outcomes

The primary outcome was in-hospital mortality for all
analyses. The ICU LOS was the secondary outcome of
interest.

Missing value policy

There were no missing data for age, PS, type of cancer,
primary site of solid tumor, or outcomes. We imputed
categorical variables with less than 1% missing values by
the most common values. The remaining variables with
missing values were mostly physiological (supplementary
table—sTable—1 in the ESM), which were not considered
for the main analysis.
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Statistical analysis
We used descriptive methods to describe the cohort
and graphical representations to show trends over time
in patient features as well as outcomes from marginal
posterior probabilities. The main analysis for hospital
outcome was assessed through a Bayesian hierarchical
binary model accounting for predefined relevant clini-
cal variables: age, ECOG-PS, need for MV, vasopressors
and RRT during ICU stay, cancer type (locoregional solid
tumor, metastatic solid tumor, or hematological malig-
nancy), and admission due to infection, cardiovascular,
or respiratory (excluding sepsis) reasons. Bayesian mod-
els are set up differently from frequentist models, in the
sense that priors for the effect sizes are incorporated to
the regression and results are displayed as a distribution
of possible values compatible if data, given the priors and
the model. This allows querying the results (hence called
posterior distributions) to obtain probabilistic inference.
We have used non-informative priors, centered at the
absence of effect, and that considered both “beneficial”
and “harmful” effects as equally possible, but a wide dis-
tribution (that is, no hard information on the distribution
of the effect size was made). This type of prior is fre-
quently called regularizing prior, because it may reduce
overfitting by simply making the model skeptic to very
large or very small effect sizes. Details are provided in the
ESM. We added a random intercept for admission year
(as an eight-level factor) and added random slope within
each year for PS, need for MV, vasopressors, and/or RRT.
This allowed estimating posterior probabilities from the
model, assuming that the effects of both PS and organ
support would change over the study period. Results
for fixed effects were reported as odds ratios (OR) with
respective 95% credible intervals (CI). We also displayed
the predicted marginal probabilities (that is, the distribu-
tion probability predicted by a model) for the main model
by extracting samples from posterior predicted probabili-
ties in several scenarios, considering both fixed and ran-
dom effects, and reporting reduction in mortality over
time with focus on difference between first year and last
year of the study cohort. We performed a pre-specified
subgroup analysis focused on the six most frequent pri-
mary sites of solid tumors that accounted for more than
60% of all solid tumor admissions. To confirm the main
analysis findings under a different statistical approach, we
also performed a sensitivity analysis considering the hos-
pital where the patient was admitted as a random effect
and year as fixed effect. A secondary sensitivity analysis
was performed for the primary endpoint for the 37 ICUs
that collected data during whole study period (2011—
2019), including 20,084 patients.

For the secondary endpoint, case-specific sub-hazard
ratios (SHR) accounting for competing events [18] (ICU

death as a competitor for ICU discharge) were con-
structed from Cox regression models adjusted for SAPS
3 score, cancer type, PS and admission year. We provide
all details on the adjustment for these models in the ESM.
We followed the STROBE report for this manuscript (see
ESM). We performed all analysis in R, version 3.6.1.

Results

The number of participating units over time and the
study flowchart are shown in sFigures 1 and 2, respec-
tively. During the study period, 365,295 patients were
admitted to the participating ICUs and 43,025 (11.8%)
had cancer. Out of them, 32,096 cancer patients (8.7%
of all ICU admissions and 74.6% among cancer patients)
were studied. There were 21,008 patients with locore-
gional solid tumors (65.4%), 7956 with metastatic solid
tumors (24.7%), and 3132 with hematological malignan-
cies (9.9%). sFigure 3 depicts the total number of can-
cer patients according to the primary tumor site, and
the most frequent were breast (14.4%), prostate (14%),
colon/rectum (11.2%), lung (10.9%), brain (6%), and kid-
ney (5.5%). There were 30,770 patients (95.9%) admitted
because of medical complications and 1326 (4.1%) fol-
lowing urgent surgeries. Infection or sepsis (31%), car-
diovascular (19%), neurological (10.7%), digestive (9.5%),
cancer-related (8.1%), and respiratory (6%) complications
were the most frequent admission diagnosis. Patients’
characteristics and outcomes stratified by admission year
are reported in Table 1.

There was an increase in the relative use of available
bed/days by cancer patients, with over 30% of all bed/days
being occupied by cancer patients in the two most recent
years; unplanned admissions were responsible for most
of this increase (Fig. 1a). ICU admissions for selected
primary cancer sites are shown in Fig. 1b with varying
trends over time. There was a decrease in the proportion
of patients with metastatic disease and with ECOG-PS
0-1 from 2011 to 2019 (Table 1). Decreases in use of all
organ support and in overall crude ICU (18.8% in 2011—
2012 to 11% in 2018-2019) and hospital mortality (33%
to 17.7%) were observed. Mean ICU LOS remained sta-
ble over time, but a substantial decrease in-hospital LOS
was observed (21.61 days in 2011-2012 to 12.14 days in
2018-2019). The proportion of patients discharged home
without the need for nursing assistance increased from
66.6% in 2011-2012 to 80.8% (2018-2019).

The results of the fixed effects for the main mortality
model are shown in sFigure 4. All predictors were associ-
ated with higher mortality with high degree of certainty,
except cardiovascular admissions, that were associ-
ated with reduced odds for mortality. Among them, the
need for MV was the strongest predictor of mortality
with an adjusted OR of 7.82 (95% CI 7.04—8.76). Overall
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Table 1 Characteristics of included patients stratified by study year

2011-2012

2012-2013

2013-2014

2014-2015

2015-2016

2016-2017

2017-2018 2018-2019 Pvalue

Number of patients
Age [mean (SD)]

Male gender [n (%)]
SAPS 3 [mean (SD)]

1726
69.31(16.13)
925 (53.6)
55.05(11.33)

Medical admission [n (%)]

Infection/sepsis
Cardiovascular
Neurological
Digestive
Cancer complica-
tions*
Respiratory
Other

Urgent surgeries [n (%)]

Abdominal
Orthopedic
Vascular
Other

Cancer type [n (%)]

Hematological malig-
nancies

Solid, locoregional
Solid, metastatic
ECOG-PS [n (%)]
0-1
2
3-4
Leukopenia [n (%)]
Recent chemotherapy
[n(%)]
Comorbidities [n (%)]
Arterial hypertension
Diabetes mellitus
Chronic kidney injury
with and w/o
dialysis

Previous myocardial
infarction

COPD
Previous stroke
Heart failure
Support use [n (%)]
Mechanical ventila-
tion
Vasopressors

Renal replacement
therapy

Outcomes [n (%)]

ICU LOS, days [mean
(SD)]

Hospital LOS, days
[mean (SD)]

178 (10.3)

1029 (59.6)
519 (30.1)

1122 (65)
386 (22.4)
218 (12.6)
73 (4.2)
0(0)

1(52.8)
414 (24)
158 (9.2)

148 (8.6)

110 (6.4)
114 (6.6)
47 (27)

349 (20.2)

256 (14.8)
110 (6.4)

5.98 (9.48)

2061 (49.61)

2227

69.74 (15.64)
1120 (50.3)
54.51(11.35)

635 (28.5)

415 (18.6)

291 (13.1)

190 (8.5)
(8.

185 (8.3)

177 (7.9)

232(104)

1316 (59.1)
679 (30.5)

1484 (66.6)
483 (21.7)
260 (11.7)
80 (3.6)
0(0)

1208 (54.2)
528(23.7)
227 (10.2)

164 (7.4)

41(6.3)
164 (7.4)
49(2.2)

431 (19.4)

377 (16.9)
146 (6.6)

6.55 (11.39)

20.27 (46.24)

2834

69.34 (15.81)
1416 (50)
54.85(11.5)

767 (27.1)

504 (17.8)

353(12.5)

290 (10.2)
(

282 (10)

212 (7.5)

60 (2.1)
19 (0.7)
5(0.2)

301 (10.6)

1621 (57.2)
912 (32.2)

1754 (61.9)
696 (24.6)
384 (13.5)
105 (3.7)
1(0)

1511 (53.3)
699 (24.7)
248 (8.7)

222(7.8)

180 (6.4)
214(7.6)
69 (2.4)

477 (16.8)

454 (16)
162 (5.7)

6.02 (8.91)

18.2 (34.45)

3354

69.74 (15.95)
1701 (50.7)
55.19 (11.46)

1035 (30.9)
573 (17.1)
357 (10.6)
346 (10.3)
1093)

215 (6:4)

346 (10.3)

2103 (62.7)
905 (27)

2084 (62.1)
841 (25.1)
429(12.8)
150 (4.5)
0(0)

1869 (55.7)
856 (25.5)
337(10.1)

261 (7.8)

252 (7.5)
213 (64)
94 (2.8)

61(16.7)

518(154)
225 (6.7)

6.16 (9.91)

1746 (31.62)

4225

69.59 (15.9)
2141 (50.7)
55.24(11.83)

1390 (32.9)
760 (18)
442 (10.5)
426 (10.1)
324(7.7)

265 (6.3)

438 (104)

2673 (63.3)
1114 (26.4)

2499 (59.1)
1210 (28.6)
516 (12.2)
176 (4.2)
2(0)

2396 (56.7)
1177 (27.9)
402 (9.2)

320 (7.6)

352 (8.3)
299 (7.1)
135(3.2)

662 (15.7)

616 (14.6)
239 (5.7)

6.22 (9.45)

1642 (2542)

5125

69.62 (16.38)
2575 (50.2)
54.64 (12.06)

1627 (31.7)
950 (18.5)
518 (10.1)
485 (9.5)
463 (9)

276 (5.4)

451 (8.8)

3517 (68.6)
1157 (22.6)

2881 (56.2)
1656 (32.3)
588 (11.5)
198 (3.9)
135 (2.6)

2946 (57.5)
1369 (26.7)
531(104)

386 (7.5)

394 (7.7)
368 (7.2)
218 (43)

708 (13.8)

692 (13.5)
309 (6)

6.39 (9.46)

1545 (23.11)

6109

69.94 (16.16)
3066 (50.2)
54.57 (11.94)

1912 (31.3)
1208 (19.8)
632(10.3)
570(9.3)
475(7.8)

294 (4.8)

88 (1.4)
22 (04)
22(04)

578 (9.5)

4078 (66.8)
1453 (23.8)

3685 (60.3)
1771 (29)
653 (10.7)
180 (2.9)
1390 (22.8)

3408 (55.8)
1669 (27.3)
636 (10.4)

378 (6.2)

396 (6.5)
403 (6.6)
235(3.8)

777 (12.7)

756 (124)
311 (5.1)

6.04 (8.5)

14.07 (20.88)

6496

7033 (16.13)
3247 (50)
53.58(11.5)

2104 (324)
1356 (20.9)
609 (9.4)
592 (9.1)
421 (6.5)

347 (5.3)

85(1.3)
33(0.5)
19(0.3)

608 (9.4)

4671 (71.9)
1217 (18.7)

3732 (57.5)
2058 (31.7)
706 (10.9)
142 (2.2)
1459 (22.5)

3685 (56.7)
1775 (27.3)
708 (10.9)

410(6.3)

495 (7.6)
425 (6.5)
221 (34)

647 (10)

635 (9.8)
258 (4)

5.66 (7.78)

12.14(1532)

0.069

0.324
<0.001
<0.001

<0.001

<0.001

<0.001
<0.001

0.001

<0.001

0.001

<0.001

0.001
0.392
<0.001

<0.001

<0.001
<0.001

<0.001

<0.001
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Table 1 (continued)

2011-2012 2012-2013 2013-2014 2014-2015 2015-2016 2016-2017 2017-2018 2018-2019 Pvalue
ICU mortality 324(18.8) 407 (18.3) 483 (17) 556 (16.6) 600 (14.2) 676 (13.2) 706 (11.6) 713 (11) <0.001
Hospital outcomes

Hospital mortality 569 (33) 720 (323) 868 (30.6) 978 (29.2) 1092 (25.8)  1135(22.1) 1190 (19.5) 1151 (17.7) <0.001
Discharged with 7(04) 18(0.8) 27(0.9) 21(0.6) 25(0.6) 54(1.1) 85 (14) 93 (14)

need for nursing or

hospice care
Discharged home 1150 (66.6) 1489 (66.9) 1939 (684) 2355(70.2) 3108(73.6) 3936(76.8) 4834(79.1) 5252 (80.8)

without need for
nursing care

ICU intensive-care unit, ECOG-PS eastern cooperative oncology group performance status, SAPS simplified acute physiology score, SHR sub-hazard ratio, C/ confidence

interval, COPD chronic pulmonary obstructive disease, LOS length-of-stay

" The coding question in the administrative database was whether a direct cancer complication or its treatment was the main reason for ICU admission

Admission Type —= Al Unplanned

40.0%

30.0%

20.0%

Percentage bed.days
occupied by cancer patients

10.0%

0.0%

b Prostate Breast Lung

Fig. 1 a Percentage of ICU bed-days occupied by cancer patients over time; b Percentage of admissions according to relevant primary tumor sites
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°
b

reduction in mortality from 2011-2012 until 2018-2019
was 9.2% (95% CI 13.1-5.6%). The reduction in adjusted
mortality varied according to PS, organ support, and
cancer type (Fig. 2). The largest reductions in mortal-
ity occurred in patients without need for organ support
(9.6%) or with need for mechanical ventilation (MV)
only (11%), and the smallest reduction was observed in
those requiring MV, vasopressors, and renal replace-
ment therapy (3.9%) simultaneously (Fig. 3). For patients
with organ support, survival gains were less pronounced
as the PS worsened (Figs. 2 and 3). sFigures 5, 6, and 7
depict the mortality reductions from the first and last
cohort study year according to cancer type. Patients
with metastatic solid tumors had lower reductions in

mortality than in patients with locoregional solid tumors
and hematological malignancies. Patients with metastatic
solid tumor, poor PS and simultaneous need for MV,
vasopressors, and RRT had the highest adjusted mortal-
ity, and had were negligible survival gains over the period
(— 1.5% from 2011-2012 to 2018-2019, sFigure 6). The
main findings of mortality reductions over time were
consistent in the alternative method (sFigure 8, sTable 2)
and in the analysis considering only patients admitted
to ICUs that contributed during the whole study period
(sFigure 9, sTable 3).

We performed a subgroup analysis in patients with
prostate, breast, lung, colon/rectum, brain, and kidney
cancer according the PS and use of organ support (Fig. 4).
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Fig. 2 Predicted mortality for the cancer types (hematological, locoregional, and metastatic solid tumors) according to need for organ support. Y
axis: year of admission; X axis: predicted mortality. Each subplot Y axis represents the probability density function. Panels represent the level of organ
support: a none, b MV only, € MV plus VP, and d MV +VP + RRT. One sub-panel for each cancer type is shown inside each main panel. MV mechani-

In general, the results were comparable to the main anal-
yses in the sense that adjusted mortality decreased over
time, but reductions were less pronounced in patients
with multiple organ failure and in those with higher
ECOG. Figure 4d shows that mortality for patients with
studied types of solid cancer and ECOG-PS 3-4 had a
poor prognosis with small reductions in mortality over
the years. As need for organ support increased (panels
a—d), differences in baseline predicted mortality for dif-
ferent cancer types were reduced. Among these most fre-
quent primary sties of solid tumors, lung cancer patients
had the worst outcomes and the smallest survival gain
over time.

For secondary outcome analysis, each increase in
admission year was associated with a lower SHR [0.93
(0.91-0.94)] of dying in the ICU and a higher SHR [1.01

(1-1.01)] of being discharged alive (sTable 4). Cumula-
tive incidence plots for discharge and death according
to tumor type and ECOG for 2011-2012 and 2018-2019
are shown in sFigure 10. Probability of ICU discharge
over time for specific tumor types and different degrees
of performance impairment are shown in sFigures 11-13.
SAPS 3, metastatic disease, and worse PS were associated
with worse outcomes (delayed discharge and higher mor-
tality). There was an association between the increase
in admission year with lower mortality and earlier ICU
discharge.

Discussion

In this study, we demonstrated a consistent and con-
tinuous outcome improvement in a large contempo-
rary cohort of cancer patients requiring ICU admission
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Fig. 3 Predicted reduction in-hospital mortality from 2011-2012 to 2018-2019 for a all patients, b ECOG-PS 0-1, € ECOG-PS 2, and d ECOG-PS 3-4.

because of life-threatening complications over an 8-year
period. Our study has three major findings. First, dif-
ferently from the previous studies, here, we reported
trends in mortality adjusted for several clinical con-
founders. Second, our results also suggest that outcomes
are affected by a complex interplay among the different
types of cancer, the level of organ support, a proxy for
the severity of acute illness, and the PS, a key surrogate
marker of chronic health status. Survival gain estimates
decreased as both the severity of organ failures and PS
worsened. Moreover, although there was an absolute risk
reduction for all described scenarios, some specific sub-
group of patients had negligible survival gains, particu-
larly those with metastatic solid tumors, poor PS, and
multiple organ failure needing invasive support. Third,
we also demonstrated in a cause specific hazard approach
that the decrease in mortality occurred along with a
decrease in the adjusted ICU LOS. All these findings are
important to assist clinicians and managers in decisions
to provide high-quality and affordable critical care to an
increasing number of patients with cancer needing ICU
admission, as was also demonstrated in our study (more

than 30% of all beds in general medical-surgical ICU
were occupied by patients with cancer in the latter years).

Our results provide additional evidence to previous
studies reporting comparable improvements in unad-
justed mortality [9, 10, 13, 14]. Among the types of
tumor, we found the largest survival gains in patients
with locoregional solid tumors and hematological malig-
nancies. As expected, survival gains were much less
pronounced in patients with metastatic solid tumors.
The importance of cancer site on determining outcome
decreased as the illness severity increased, suggesting
that for sickest patients, the primary cancer site is much
less important than the acuity of their clinical condition.
However, the outcomes of patients with lung cancer fac-
ing a critical illness remain, in general, worse when com-
pared to other types of solid tumors [13, 19].

Our analysis confirms the role of several other known
risk factors for poor outcomes in cancer patients, includ-
ing PS impairment [16] and need for organ support [11].
The fact that mortality reductions were invariably less
pronounced in patients with PS impairment reinforces
the need for a more judicious use of organ support in
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Fig.4 Predicted mortality for the six most common solid cancer sites in the database according to need for organ support. Y axis: year of admission (for
each subplot, Y axis represents the probability density function); X axis: predicted mortality. Panels represent the level of organ support: a none, b MV
only, € MV plus VP, and d MV +VP +RRT. One sub-panel for each cancer site is shown inside each main panel. Note that trends in reduction in mortality

kidney (1752); lung (3490); and prostate (4502)

are comparable to all cancer sites, but as need for support increases the predicted mortality rate of different cancer sites diminishes. MV mechanical
ventilation, VP vasopressors, RRT renal replacement therapy. The number of included patients are: brain (1934); breast (4615); colon/rectum (3591);

these patients and highlights the importance of base-
line health status on determining outcomes in critically
ill patients [8]. Oncologists have used PS assessment for
decades to define the most appropriate therapeutic plan
for a given patient. Similarly, since PS impairments are
also associated with worse outcomes in both general and
cancer ICU patients, intensivists are increasingly meas-
uring PS before the onset of critical illnesses to assist in
decisions related to the appropriateness of care, including
ICU admission policies and end-of-life (EOL) decisions
[3, 7, 16, 19]. In the multivariate Bayesian analysis, MV
had the highest odds for mortality, which is in line with
the previous studies in cancer patients [11, 14, 20]. How-
ever, in one of the most striking findings in our study,
we observed the largest mortality reductions in patients
needing MV only.

There are several explanations for our findings.
Improvements in overall ICU care and adoption of mod-
ern strategies in the management of organ dysfunction
may result in lower hospital mortality. For instance, sev-
eral changes in the management of cancer patients with
respiratory failure, including a more judicious use of
noninvasive ventilation and bronchoscopy, early intuba-
tion, and increase of the arsenal for a broader diagnostic
workup, might have contributed for the improved out-
comes [7, 21]. Along with improvements in critical care,
the novel anticancer treatments and improvements in the
management of several types of malignancies over the
last 2 decades certainly contributed with these observa-
tions [1]. One interesting finding of this analysis is that
an important reduction in mortality occurred in patients
that did not require organ support. This may suggest
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that at least part of the improvement seen occurred in
patients receiving non-ICU care inside the ICU. It may be
possible that wards are no longer capable of carrying for
such complex patients in some scenarios, for example.
Our study has, however, some important limitations. It
was based solely in a large network of private hospitals
in Brazil; therefore, some caution is needed when trans-
posing our results to in other settings such as public hos-
pitals or other countries; international validation of such
findings is, therefore, needed. We did not have access
to cost information for the study and we are, therefore,
unable to provide information on relevant questions,
such as whether costs per patient-day changed, how
much was spent for specific scenarios (such as patients
with multiple organ failure), etc. The model considered
patients that received organ support, and it is conceiv-
able that some sicker patients would die before use of
organ support, especially renal replacement therapy.
This is of special interest, because we did not consider
treatment limitations (such as withhold and withdraw of
organ support), since this information was not available
in the database. Additionally, not all ICUs collected data
during the whole study period. While hospitals were not
accounted for in the main model, an alternative analysis
considering hospital as random effect provided compa-
rable results. We were also unable to explore reasons for
the decline in patient mortality nor did we collect data on
longer follow-up after the hospital. EOL decisions were
not recorded in the cohort data, which may have influ-
enced the results, especially in patients with severe PS
impairment. Close to 10% of the patients had hemato-
logical malignancies, but this frequency is in accordance
with the previous studies in patients admitted to general
hospitals [3, 9]. In addition, some specific populations
were underrepresented in this study, including bone
marrow transplant recipients. Finally, urgent surgeries
were defined according to the difference of time between
scheduling and occurrence accounting for procedure
coding, but it is still conceivable that some contamination
of elective procedures occurred despite our best efforts.

Conclusion

Short-term outcomes of critically ill patients with cancer
have improved in the past 8 years in several scenarios,
including those requiring MV. This was accompanied by
a reduction in ICU LOS. However, prognosis remained
grim in some subgroups, especially in patients with met-
astatic disease, poor PS, and those requiring multiple
organ support.
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