
Esther van der Zee

Care for Critically ill Cancer patients 
From the perspective of the 

intensive care health care providers

C
are for C

ritically ill C
ancer patients                   Esther van der Zee, 2022





Care for Critically Ill Cancer Patients

From the perspective of the Intensive Care health care providers

Esther Nadine van der Zee



Copyright 2022, E.N. van der Zee, the Netherlands
All rights reserved. No parts of this thesis may be reproduced, stored in a retrieval sys-
tem or transmitted in any form or by any means, without the permission of the author 
or, when appropriate, of the publishers of the publications

Coverdesign & Lay out: Nathalie Timmerman and Esther van der Zee

Layout and printing by Optima Grafische Communicatie (www.ogc.nl)



Care for Critically Ill Cancer Patients
From the perspective of the Intensive Care health care providers

De zorg voor ernstig zieke kankerpatiënten
Vanuit het perspectief van de Intensive Care zorgverleners

Thesis

to obtain the degree of Doctor from the
Erasmus University Rotterdam

by command of the
rector magnificus

Prof. dr. A.L. Bredenoord

and

to obtain the degree of Doctor from the
Ghent University

by the command of
rector magnificus

Prof. dr. R. van de Walle

and in accordance with the decision of the Doctorate Board.

The public defence shall be held on

Tuesday 20 December 2022
at 10:30 hrs

by

Esther Nadine van der Zee
born in Rotterdam



Doctoral Committee:
Promotors: Prof. dr. J. Bakker

Prof. dr. D.D. Benoit

Other members: Prof. dr. K. van der Rijt
Prof. dr. D. van Dijk
Prof. dr. F. Offner
Prof. dr. J. Decruyenaere

Copromotors: Dr. E.J.O. Kompanje
Dr. J.L. Epker



COntent

Chapter 1 Introduction 7
Chapter 2 Admitting adult critically ill patients with hematological 

malignancies to the ICU: a Sisyphean task or work in progress? 
21

Chapter 3 One-year mortality of patients with a malignancy admitted 
unplanned to the ICU: a large cohort study between 2008 and 
2017 in the Netherlands. 

35

Chapter 4 Assessment of mortality and performance status in critically ill 
cancer patients: a retrospective cohort study. 

57

Chapter 5 Outcome of cancer patients considered for Intensive Care Unit
admission in two university hospitals in the Netherlands: the
danger of delayed ICU admissions and off-hour triage decisions. 

81

Chapter 6 Outcome of Stem Cell Transplantation patients considered for
Intensive Care Unit Admission. 

111

Chapter 7 Quick SOFA score has no additional value to the MEWS in ICU 
triage decisions of cancer patients. 

133

Chapter 8 Outcomes of ICU patients with and without perceptions of 
excessive care: a comparison between cancer and non-cancer 
patients. 

141

Chapter 9 Treatment limitation decisions in critically ill patients with a 
malignancy on the Intensive Care Unit. 

169

Chapter 10 General Discussion 189
Chapter 11 Summary and conclusions 215
Chapter 12 Samenvatting en conclusies 223

Appendices 231
List of Authors and Affiliations 233
List of Doctoral committee members and PhD examining committee 
members

238

PhD portfolio 241
List of publications and presentations 243
Curriculum vitae 247
Dankwoord 249





1
Introduction





Chapter 1 9

Introduction

Cancer (synonym: malignancy) is a group of diseases involving abnormal cell growth,  
potentially invading or spreading to other parts of the body (2, 3). More than 100 variants 
of cancer can affect humans (3), however, there are several main types (3). A malignancy 
that develops from epithelial cells (in the skin, or tissues that line or cover internal 
organs) is called a carcinoma (4). A sarcoma is a cancer that develops from connective 
or supportive tissues (bone, cartilage, fat, muscle) (3). Central nervous system malig-
nancies begin in the tissues of the brain and spinal cord (3). Lymphomas and multiple 
myeloma are malignancies that develop in the cells of the immune system, and leuke-
mia develops from the blood-forming tissue, such as bone marrow (3). In this thesis, 
carcinomas, sarcomas and malignancies of the central nervous system are seen as solid 
cancers, leukemia’s, multiple myelomas and lymphomas as hematological cancers.

It seems that for all of human history, cancer has existed (5). The earliest written de-
scription of cancer (breast cancer) is found in the Edwin Smith Papyrus, that was written 
between 1500 and 1600 BC, possibly based on material from thousands of years earlier 
(6). Around 400 BC, Hippocrates described several kinds of malignancies. He noted a 
similarity to crabs, as the veins of the tumors stretched on all sides like the legs of a 
crab. Therefore, he referred to the tumors with the ancient Greek word ‘καρκίνος’, 
meaning ‘crab’ and ‘tumor’ (5). Later (c. 25 BC-50 AD), Celsus translated ‘karkinos’ into 
the Latin ‘cancer’, also meaning crab (5). Around 1600 AD, the word cancer was intro-
duced in English in the current medical meaning of the word (7).

Of course, the pathophysiology and prevalence of cancer back then differs from the 
pathophysiology and prevalence in the current area. Cancer used to be rare and often 
genetic (8). Particularly since the industrial revolution, the prevalence of cancer has 
markedly increased. Where genetics were the main cause before, today, the main causes 
are the rapidly aging populations, the increasing risky health behavior in the general 
population and the increased presence of carcinogens in the environment and in con-
sumer products (6, 8, 9).

Cancer

Noun
UK /ˈkæn.sər/  US  /ˈkæn.sɚ/

A serious disease that is caused when cells in the body grow in a way that is uncontrolled and
not normal, killing normal cells and often causing death

Cambridge Dictionary (1)
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Nowadays, approximately 40% of the world population will be diagnosed with cancer 
at some point during their lifetime (10). The incidence of cancer is expected to rise 
further, due to the causes mentioned above: the growth and aging of the population, 
and the increased prevalence of cancer related risk factors (11). In 2012, one quarter of 
the global burden of cancer was observed in Europe, whereas the total population was 
only 9% of the world’s population (12). There were an estimated 3.91 million new cases 
of cancer in Europe. With an average of 261 deaths per 100.000 inhabitants (13) and 1.93 
million deaths related to cancer in 2018 (12), cancer is still a major cause of death across 
the European Union. Fortunately, progress in early detection and treatment improved 
the prognosis of cancer. Long-term survival of cancer has increased over the past de-
cades (14), and between 2011 and 2016, cancer mortality decreased for both men (8% 
decrease) and women (3% decrease) (15).

Despite this improvement, cancer is still the subject of widespread fear and taboos (16, 
17). The euphemisms “a long illness”, or “the C-word” are used to describe cancer, and 
the word ‘cancer’ is commonly used as swear word, reflecting an apparent stigma (16, 
17). Although other diseases, such as heart failure, may have a worse prognosis than 
cancer, people still believe that cancer is necessarily a difficult and usually deadly dis-
ease. Some cancer types have indeed a poor prognosis. However, in many cancer cases, 
this believe may be outdated, given the new diagnostics and treatments (14).

For centuries, surgery and purgatives were recommended as treatment for cancer (5), 
and not surprisingly, often with poor outcomes. Nowadays, many cancer treatments 
have been developed, including surgery, chemotherapy, radiation therapy, hormonal 
therapy and immunotherapy. The treatment intent can be curative or palliative. These 
treatment decisions are based on patient’s health and preferences, and cancer specifics, 
such as type, location and grade. However, due to the new therapies, the probability 
of infiltrative, infectious or toxic life threatening events related to the therapy has in-
creased (18). For example, well-known complications of cancer therapy are neutropenic 
septic shock, invasive fungal infections, or tumor lysis syndrome. Therefore, intensivists 
worldwide are increasingly confronted with cancer patients during or after cancer treat-
ment (19, 20).

At the Intensive Care Unit (ICU), the ICU team (consisting of ICU physicians and nurses, 
and other health care providers, such as physiotherapists or dieticians) takes care of 
critically ill patients with life-threatening conditions in close collaboration with each 
other and with other specialties. Patients often receive life-supporting therapies, such as 
mechanical ventilation or renal replacement therapy. From the eighties till the beginning 
of the zeros, patients with an advanced malignancy were generally perceived ineligible 
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for intensive care treatment due to the unfavorable outcomes (21-23). In patients with 
a hematological malignancy, hospital mortality was high (80-95%)(24-27), especially in 
patients who required mechanical ventilation or renal replacement therapy (25, 26, 28). 
In patients with a solid malignancy, short-term mortality varied from 60% to 80% (29-
32), and 3- months mortality was more than 75% (30, 32).

Since then, in addition to the progress made in cancer diagnostics and treatments, In-
tensive Care medicine has improved. Mortality rates on ICUs in the Western world have 
decreased significantly (33). Several studies show a decrease of ICU and hospital mor-
tality in cancer patients as well (21, 34-39), with an ICU and hospital mortality varying 
between 10% to 30% and 20% to 50%, respectively. As mentioned above, the number of 
cancer patients admitted to the ICU has increased. Recent studies show that nowadays, 
5-6.5% of patients with solid cancer and up to 10% of patients with a hematological ma-
lignancy are admitted to ICU during their disease (19, 40-42). As a result, cancer patients 
occupy 10% to 20% of all ICU beds (39, 43, 44). In particular, a rather good prognosis in 
planned postsurgical cancer patients has been described (ICU mortality: 10%, hospital 
mortality: 20%) (20, 34, 37, 45). Therefore, these patients are nowadays generally ac-
cepted to the ICU for postoperative care.

In contrast, studies reporting recent data regarding long-term mortality in acutely 
ill cancer patients with an unplanned ICU admission (i.e. not a planned surgical ICU 
admission, but ICU admission for acute medical reasons or after emergency surgeries) 
are relatively scarce. Therefore, in this thesis, we will mostly focus on the outcome of 
critically ill cancer patients for whom no ICU admission was planned. Recent data will 
complement previous literature (37, 38, 45-49), and is relevant for two reasons. Firstly, 
in an acute setting, ICU physicians may be confronted with critically ill cancer patients. 
An enhanced understanding of outcomes in this patient group may lead to improved 
treatment decisions of hematologists, oncologists and ICU physicians. Secondly, up-
dated data may help to create realistic expectations towards patients and their relatives 
regarding ICU treatment and subsequent short-term and long-term mortality.

However, even when cancer patients survive, this survival often comes at a great 
cost. Literally, given the economic burden due to the medical costs of ICU admission, 
hospitalization and other medical costs following hospitalization, together with the 
lost productivity of patients (20). Figuratively, because morbidity after ICU survival is 
high and leads often to a significant loss of performance status and quality of life (20). 
In cancer patients, discharge functionality and quality of life after ICU admission are 
understudied issues.
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The Dutch Medical Oath states that a clinician should practice medicine to the best of 
his/her ability for the benefit of others, that he/she will care for the sick, promote health 
and alleviate suffering. He/she will put the interests of the patient first and do no harm 
(50). Considering that, ICU (triage) decisions can be very difficult, as multiple ethical 
principles (do good, do no harm, autonomy, recognize boundaries) play a role. In cancer 
patients, ICU treatment should not automatically be considered disproportional; how-
ever, the treatment intensity should remain proportional to the expected outcome (51). 
In general, decisions to admit cancer patients to the ICU are based on severity of illness 
and patient-related factors, such as age, cancer status, comorbidities, and performance 
status. ICU physicians use these factors to estimate whether an ICU admission would be 
inappropriate, either because the patient is very likely to recover without intensive care 
treatment, or because an ICU admission is very unlikely to prevent death. Interestingly, 
only one study evaluates the effect of ICU triage decisions in cancer patients on outcome 
(52), and this study was conducted 20 years ago. Thus, although we make triage decision 
with the best intensions, the effect of our triage decisions on outcome in cancer patients 
remains mostly unknown.

We do know, however, that there is still a need for an easy but reliable clinical score to 
determine which cancer patients will most likely benefit from ICU treatment. The quick 
Sequential Organ Failure Assessment (qSOFA) is a clinical bedside score for patients 
outside the ICU, used for early recognition of sepsis and to predict in-hospital mortality 
(53). The question arises whether we can use the easy qSOFA score in addition to the 
well-accepted Modified Early Warning Score (MEWS), to discriminate between survival 
or death in cancer patients initially considered ‘too well to benefit’ from ICU treatment. 
Consequently, whether we can use the qSOFA score in addition to the MEWS as param-
eter for ICU triage decisions.

In patients admitted to the ICU (i.e. all ICU patients, not only cancer patients), perceptions 
of inappropriate care are occasionally reported by ICU clinicians (51, 54). As mentioned 

Nederlandse artseneed (50)
Ik zweer/beloof dat ik de geneeskunst zo goed als ik kan zal uitoefenen ten dienste van mijn medemens. Ik zal 
zorgen voor zieken, gezondheid bevorderen en lijden verlichten.
Ik stel het belang van de patiënt voorop en eerbiedig zijn opvattingen. Ik zal aan de patiënt geen schade doen. 
Ik luister en zal hem goed inlichten. Ik zal geheim houden wat mij is toevertrouwd.
Ik zal de geneeskundige kennis van mijzelf en anderen bevorderen. Ik erken de grenzen van mijn 
mogelijkheden. Ik zal mij open en toetsbaar opstellen.
Ik ken mijn verantwoordelijkheid voor de samenleving en zal de beschikbaarheid en toegankelijkheid van de 
gezondheidszorg bevorderen. Ik maak geen misbruik van mijn medische kennis, ook niet onder druk.
Ik zal zo het beroep van arts in ere houden.
Dat beloof ik. of Zo waarlijk helpe mij God almachtig.
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above, stigma still exists around cancer patients. Hematologists and oncologists worry 
that ICU physicians, due to stigma, might display an unconscious bias towards cancer 
patients, leading to more frequent perceptions of inappropriate care or (written) treat-
ment limitation decisions. According to them, ICU physicians are often too pessimistic 
regarding short-term and long-term prognosis (19, 55). However, no studies evaluated 
unconscious bias of ICU clinicians towards cancer patients before.

Although taking care of acutely ill cancer patients is nowadays part of daily intensive 
care medicine,  many questions and issues remain yet understudied. How do we take 
good care of our critically ill cancer patients if we do not know how to or when to care 
for them?

SCOPe AnD OUtLIne OF tHe tHeSIS

The main content of this thesis is divided into two parts.

The first part (section I) consists of studies that describe outcome of critically ill cancer 
patients admitted to the ICU (i.e. short-term mortality, long-term mortality, performance 
status and quality of life).

The second part (section II) includes studies regarding decision making in acutely ill 
cancer patients.

SeCtIOn I

Chapter 2 is a review describing outcome (mortality and quality of life) of patients with 
a hematological malignancy after ICU admission.

Chapter 3 presents the results of a nationwide study, which examined the 1 year mortal-
ity of cancer patients with an unplanned ICU admission, and describes whether the 1 
year mortality changed over time during the study period from 2008 to 2017.

Chapter 4 presents the results of a single-center retrospective analysis which examines 
the 2 year mortality and performance status of critically ill cancer patients admitted 
unplanned to the ICU.
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SeCtIOn II

Chapter 5 describes the results of a retrospective cohort study in two large referral uni-
versity hospitals, which evaluated the association between ICU admission consultation 
characteristics and triage decisions, and mortality in critically ill cancer patients.

Chapter 6 is a sub-analysis of the study described in chapter 5, which included only 
stem cell transplantation patients, describing the association between ICU admission 
consultation characteristics and triage decisions, and mortality in critically ill SCT pa-
tients.

Chapter 7 is a letter to the editor discussing the value of the quick Sequential Organ 
Failure Assessment in addition to the Modified Early Warning Score in discriminating 
between survival or death in cancer patients considered ‘too well to benefit’ from ICU 
treatment.

Chapter 8 is a sub-analysis of the large multicenter DISPROPRICUS study, exploring the 
issue of unconscious bias towards critically ill cancer patients by ICU clinicians, by com-
bining subjective impressions of excessive care by ICU clinicians and objective patient 
data.

Chapter 9 presents the results of a single-center retrospective analysis which assesses 
the incidence of written treatment limitation decisions in critically ill cancer patients 
admitted unplanned to the ICU, factors associated with TLDs in this patient population, 
and compares the incidence of TLDs in cancer patients with the incidence of TLDs in 
patients without cancer.

SeCtIOn III

Chapter 10 comprises the general discussion, the limitations of the studies in the thesis 
and recommendations for future research.

Chapter 11 is the summary and conclusions section of the thesis in English.

Chapter 12 is the summary and conclusions section of the thesis in Dutch.
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AbStRACt

The role of the Intensive Care Unit in critically ill patients with a hematological malig-
nancy has been a subject of discussion for years. The aim of this review is to describe the 
development of the prognosis of adult patients with a hematological malignancy and 
the role of the ICU over the past years and in the future.

An increase in survival rates of patients with a hematological malignancy has been ob-
served over the last decades due to improvement in diagnostic methods, more effective 
treatments and a better understanding of complications.

Historically, the mortality of patients with a hematological malignancy requiring ICU 
admission was high, especially when the patient required mechanical ventilation or 
renal replacement therapy.

Nowadays, the survival rates differ considerably. Nonetheless, the ICU mortality rate did 
drop impressively compared to the past. A 1 year survival up to 50% has been observed.

The literature regarding quality of life (QoL) after ICU admission is scarce and hetero-
geneous. Patients with a hematological malignancy may experience a decline in QoL 
after ICU admission. However, some studies showed no difference between QoL of 
patients admitted to the ICU compared to patients without ICU admission. Therefore, an 
ICU admission should be considered individually. Denial of ICU admission solely on the 
prejudice about QOL is no longer justified.

Thus, where the admission of patients with a hematological malignancy may have been 
a Sisyphean task in the past, recent outcome data of these patients represent a work in 
progress.

Keywords: ICU, critically ill, hematological malignancy, survival, quality of life
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IntRODUCtIOn

Approximately 40 percent of the world population will be diagnosed with a malignancy 
at some point during their life [1]. In 2012, one quarter of the global burden of cancer 
was observed in Europe whereas the total population was only 9% of the world’s popula-
tion[2]. There were an estimated 3.91 million new cases of malignancies and 1.93 million 
deaths from cancer in Europe in 2018[2]. The most common malignancies were female 
breast cancer and colorectal cancer[2]. In 2015, malignancies were still a major cause of 
death across the European Union (EU) with an average of 261 deaths per 100.000 inhab-
itants[3]. However, due to progress in early detection and treatment, long term survival 
of malignancies has increased over the past decades [4]. Between 2011 and 2016 cancer 
mortality dropped both men (8%) and women (3%) [5].

Over the last decades, the incidence of hematological malignancies has increased as 
well [6-8]. Approximately 2.2% of the population will be diagnosed with a non-Hodgkin 
lymphoma and 1.6% with leukemia [1]. The incidence of hematological malignancies 
is expected to grow in the future as a result of the aging population and the inability 
to prevent most cases [6]. As the mortality rate has been decreasing during the past 
decades [5, 9, 10] and the probability of infiltrative, infectious or toxic life threatening 
event related to therapy has been increasing[11], the burden of these malignancies to 
the health care systems is likely to increase. This is especially the case for the role of 
the Intensive Care Unit (ICU), in both the initial treatment and the treatment of these 
complications. A historical reluctance to admit patients with malignancies to the ICU, 
especially hematological malignancies, exists [12-15]. However, given the new therapies 
available, the encouraging survival data and the possible benefits of an ICU admission, 
ICU admission should be considered.

The aim of this clinical review is to describe the development of the prognosis of adult 
patients with a hematological malignancy and the role of the ICU over the past years and 
in the future.

Survival and prognosis of patients with hematological malignancies
Like the present, the survival of patients with hematological malignancies in the past 
varied, depending on the on the type of hematological malignancy. Literature showed 
a dramatically low five year (5 yr) survival of most leukemia’s in 1974-1976, especially in 
acute myeloid leukemia (only 6%) [16]. In contrast, 71% of the patients with Hodgkin’s 
lymphoma survived 5 years in this period. Between 1974 and 1996, the 5yr survival of 
leukemia’s, myeloma’s and lymphoma’s increased [6, 16]. In the following years (1996 
– 2012), the 5 yr survival of these hematological malignancies improved as well, varying 
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from still relatively poor prognosis concerning AML (15%-21%), to a very acceptable 
outcome for Hodgkin Lymphoma (86- 92.8%)[1, 10, 16-20]. All of the hematological ma-
lignancies as described above, showed stabilized or improved 5yr survival in the period 
2008-2012. Therefore, the outcome of patients with a hematological type of cancer may 
even further improve in the future.

This increasing survival of patients with hematological malignancies has several rea-
sons [6, 10, 11, 16, 17, 20]: due to improvement in diagnostic methods, the diagnosis 
is made earlier than before, when treatments are more effective. Moreover, molecular 
biology advances made it possible to recognize low-grade malignancies with a good 
prognosis. In addition, effective high-dose treatment regimens and targeted treatments 
have been introduced. Lastly, the complications observed after the therapies are better 
understood. Subsequently, there was an increase of adequate treatment concerning 
these complications. However, despite this encouraging change, improvements in 
survival of hematological malignancies were not uniform across Europe [10, 17]. Sub-
stantial regional differences in survival rates were seen for different types of hemato-
logical cancer types. Data showed variation between countries and between Northern, 
Southern, Western and Eastern Europe. On average, survival was in Eastern European 
countries lower compared to the rest of Europe. This difference could be explained by 
inequalities in provision of care concerning diagnostics and therapy or heterogeneity in 
case definition. Unsurprisingly, age at diagnosis was a strong prognostic factor[5, 10, 17, 
20]. Elderly patients experience limitations of (aggressive and curative) treatment due 
to the prevalence of comorbidities and frailty. Furthermore, after adjustment for age 
and country, the data of showed a significant difference in survival between men and 
women [5, 10, 20]. Possible explanations are a lower impact of co-morbidities, as well as 
behavioral and biological factors[10].

 ICU admission practices of patients with hematological malignancies: 
historical perspective
Historically, the mortality of patients with a hematological malignancy requiring ICU 
admission was high. In 1983, Schuster et al. [15] reported a 80% hospital mortality in 
77 critically ill patients with a hematological admitted the ICU. Especially when patients 
required mechanical ventilation, survival was extremely low. In 1988, Lloyd-Thomas et 
al.[13] showed a mortality of 78% in 60 patients with a hematological type of cancer 
admitted to the ICU. The mortality of patients with a hematological type of cancer was 
consistently higher than predicted form a large validation study of (acute physiology 
and chronic health evaluation) APACHE II in a mixed population of critically ill patients. 
Brunet et al [12]. published in 1990 an ICU mortality rate of 43% and a 1 yr survival rate of 
19% of 260 patients with a hematological malignancy. Patients who required mechani-



Chapter 2 25

Patients with a hematological malignancy: the role of the ICU in the past, present and future

cal ventilation or renal replacement therapy showed an increased ICU mortality rate. 
They concluded that life support should be initiated, however the combination of renal 
replacement therapy and mechanical ventilation is associated with a poor prognosis. 
With an ICU mortality of 80-90% between 1984-1993, Ewig et al [21] expressed their con-
cerns about the low survival rates of patients with pulmonary complications admitted 
to the ICU. In the same time period (1980-1992), Rubenfeld et al. showed a mortality rate 
of 94% of 865 mechanically ventilated patients after bone marrow transplantation [14]. 
Of the patients with lung injury requiring mechanical ventilation combined with either 
hemodynamic instability, hepatic failure, or renal failure, no one survived. However, 
survival rate of critically ill bone marrow transplant patients increased over time, from 
5% in 1980 to 16% in 1992.

In summary, mortality rate of patients with a hematological type of cancer who required 
admission to the ICU is in all five studies high. In the following years, between 1990 and 
2005, the hospital mortality rate differs from 41% to 85% [22-26]. A high risk of refusal of 
ICU admission of critically ill cancer patients in this period is still seen [27]. This could be 
explained due the discouraging mortality rates of previous studies and due to the rec-
ommendations of the North American and European Societies of Critical Care Medicine 
for ICU admission, discharge and triage [28, 29] in which is stated that oncologist and 
intensivist should reserve ICU admission for select cancer patients with a ‘reasonable 
prospect of substantial recovery’.

ICU admission practices of patients with hematological malignancies: 
the modern area
Large numbers of patients with a malignancy are nowadays admitted to the ICU (15-
20% of all patients) [30-32]. Despite a substantial improvement in survival of critically ill 
patients with cancer [33-35], the recent literature concerning critically ill patients with a 
hematological malignancy is heterogeneous and survival rates differ considerably [33]. 
ICU- and hospital survival vary between 0% to 88%[36-41] and 0% to 72% [36, 39, 40, 
42]. Literature shows short term mortality is related to the severity of illness (and organ 
dysfunction) rather than the underlying malignant diagnosis[33]. Although 1 yr mortal-
ity may be good (almost 50%) [40], long term mortality is still limited with a reported an 
8-year survival of only 9% [37]. Data show a decrease of long-term survival of patients 
admitted to the ICU, in comparison to patients who did not require admission to the 
ICU [37, 43]. Nonetheless, the ICU mortality rate did drop impressively compared to 
the past[42, 44], with an annual decrease of 4-7% between 2003 and 2015[44]. Based 
on this improvement in survival and the possible benefits of an ICU treatment, ICU 
admission should be considered in every patient. Thiéry et al [27]. conducted a study 
including cancer patients for whom ICU admission was requested. They found that 20% 
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of patients who were not admitted because they were considered “too well” died before 
hospital discharge, and 25% of the patients who were not admitted because they were 
considered “too sick” survived. Thus, the clinical evaluation was neither sensitive nor 
specific for selecting patients for ICU admission. Denial of ICU admission solely on a 
patient having cancer is not supported by recent outcome data.

The striking difference in survival of critically ill patients with a hematological malig-
nancy between studies and hospitals could be explained by several factors. Firstly, 
studies reporting high survival rates usually originate from high-volume centers and so 
the external validity of these data may be limited[11] . Secondly, the performance status 
of the patient is a strong predictor of mortality and may differ between studies [33]. 
Thirdly, the timing of the admission of patients to the ICU may differ between hospitals. 
Up to 50% of the patients referred to the ICU are not immediately admitted [27]. Early 
admission is recommended as improved outcomes of early admission have been found 
in several studies [11, 33, 34]. Bed availability may be an issue in some hospitals, thereby 
negatively influencing outcome [33].

Azoulay et al. generated several hypotheses regarding the causes of delayed ICU admis-
sion and its relationship to mortality[11] (table 1):
1. Patient related. Patients may interpret acute symptoms as inevitable manifestations 

of their malignancy or may lack the social support or financial resources needed to 
obtain medical advice. As a consequence, hospitalization may be delayed and, in 
case of critical illness, ICU admission may be delayed as well.

2. Disease related. Acute illnesses could develop in a fulminant way in patients with 
severe immunodeficiency. Subsequently, a fast deterioration may occur, with severe 
(multiple) organ dysfunction. As a result, ICU treatment might be too late to prevent 
death.

3. Ward related. First, suboptimal patient evaluation on the wards may result in an 
underestimation of disease severity followed by an unexpected clinical deteriora-
tion. Second, when the prognosis is unclear and possibly poor, ICU referral may be 
difficult and subsequently delayed.

4. ICU related. Likewise, ICU admission decisions could be difficult and delayed in case 
of an unclear (poor) prognosis. In addition, a delay in optimal care may arise from 
the initial admission to an ICU ill equipped to manage patients with hematological 
malignancies with inexperienced health care providers regarding hematological pa-
tients. Lastly, bed availability may be an issue in some hospitals, resulting in delayed 
admission.
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Some of the causes described above are amendable (table 1). Firstly, to amend patient 
related factors: education concerning alarm signals may improve the knowledge of 
patients[11]. The relevance of social support should be explained as well. Although 
individual financial problems are difficult to solve, national health care policies could 
play an important role in this.

Secondly, to improve ICU related factors, good communication and close collaboration 
between different specialties and different hospitals are recommended [11, 33, 34]. For 
example, daily formal meetings between the attending hematologists and intensiv-
ists[33], advice from intensivists at centers managing large numbers of hematological 
patients to less experienced intensivists [11] and help from nurse consultants of the 
hematology concerning hematological care [33]. In hospitals where ICU bed availabil-
ity is limited, early aggressive treatment can be initiated outside the ICU [11, 33]. 
Furthermore, an ICU bed could be used for time-limited or intensity-limited trials, thus 
improving the chance of survival [11, 33]. Admittance to the ICU for end-of-life care is not 
recommended, because avoidance of ICU admissions within 30 days of death and death 
occurring outside the hospital were associated with perceptions of better end-of-life 
care [45].

Thirdly, concerning the suboptimal evaluation of critically ill patients on the hematologi-
cal ward, early detection of deterioration of patients by using a rapid response system 
and the modified early warning score (MEWS) has proven to be effective in enhancing 
ICU admission [33].

table 1. Causes of delayed ICU admission and recommendations to amend

Causes delayed ICU admission Recommendations

Patient related
-  Misinterpretation of acute symptoms
-  Lack of social support or financial resources 

(delayed hospitalization)

1.  Education regarding alarm symptoms
2.  Explanation relevance of social support
3.  Health insurance

Disease related
-  Fast deterioration of immunocompromised 

patients

1.  Usage of rapid response system and the modified 
early warning score

Ward related
-  Suboptimal patient evaluation
-  Unclear (poor) prognosis

1.  Usage of rapid response system and the modified 
early warning score

2.  Close collaboration between hematology and 
Intensive Care

ICU related
-  Unclear (poor) prognosis
-  Ill equipped ICU with unexperienced health care 

providers
-  Bed availability ICU

1.  Close collaboration between hematology and 
Intensive Care

2.  Close collaboration between experienced 
hospitals and less experienced hospitals

3.  Early aggressive treatment outside the ICU
4.  Time-limited or intensity-limited ICU trials
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In summary, where ICU survival rates in the past have been a major reason to deny 
admission, steadily improving ICU survival rates have been observed in the recent years. 
Denial of ICU admission solely on the presence of a hematological malignancy is not 
supported by recent outcome data anymore.

Quality of life of patients with a hematological malignancy following ICU 
admission
With the improvement of (long term) survival of patients with a hematological malig-
nancy, questions concerning the Quality of Life (QoL) of these patients arise. Literature 
shows impairment of QoL, measured by validated questionnaires, compared to their 
previous state or the general population [46, 47]. Studies report either physical symp-
toms, such as fatigue, pain and reduction of vitality, or psychosocial symptoms, includ-
ing increased levels of anxiety and depression. Mostly, data shows a combination of 
both. A subset of patients with a hematological malignancy, treated with chemotherapy, 
experience cognitive impairment [48].

Recent literature concerning QoL of patients with a malignancy after admission to an ICU 
is scarce. Oeyen et al. conducted a study to assess the long-term outcomes and QoL in 
critically ill patients with hematological or solid malignancies, which included QoL at 3 
months and 1 year after discharge, compared to the QoL before ICU admission. Initially, 
QoL declined at 3 months. At 1 year after ICU discharge, QoL did improve, however it 
remained under the baseline QoL. Ehooman et al. showed a strongly impaired QoL of 
patients with a hematological malignancy compared to a general ICU patients with a 
septic shock at 3 months and 1 year after ICU discharge[40].

In contrast, van Vliet et al. [49] compared patients with hematological malignancies ad-
mitted to the ICU with matched patients not admitted to the ICU. Eighteen months after 
admission, no significant difference in QoL was found between those groups, other than 
a lower physical functioning score. Similarly, Azoulay et al. [50] conducted a prospec-
tive, multicenter cohort study including 1011 critically ill patients with a hematological 
malignancy. On day 90, 80% of survivors had no QoL alterations (physical and mental 
health similar to that of the overall cancer population). After 6 months, 80% of survivors 
had no change in treatment intensity compared with similar patients not admitted to 
the ICU.

Patients with a hematological malignancy may experience a decline in QoL after ICU 
admission. However, some studies showed no difference between QoL of patients ad-
mitted to the ICU compared to patients without ICU admission. Therefore, the benefits 
of ICU admission for a patient with a hematological malignancy should be considered 
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individually. Denial of ICU admission solely on the prejudice about QOL is no longer 
justified.

COnCLUSIOn

The incidence of hematological malignancies is increasing over the past decades with 
an increasing (long term) survival rate. Subsequently, the burden to the health care 
system and also referrals to the ICU will probably increase. Where meagre ICU survival 
rates in the past have been a major reason to deny admission, current survival rates do 
no longer justify this general approach. On the contrary, ICU admission of critically ill 
patients with a hematological malignancy should be considered and tailored to patient 
specific characteristics. Thus, where the admission of patients with a hematological 
malignancy may have been a Sisyphean task in the past, recent outcome data of these 
patients represent a work in progress.
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AbStRACt

Introduction
A decrease in short-term mortality of critically ill cancer patients with an unplanned 
Intensive Care Unit (ICU) admission has been described. Few studies describe a change 
over time of 1-year mortality. Therefore, we examined the 1-year mortality of cancer 
patients (hematological or solid) with an unplanned ICU admission and we examined 
whether the mortality changed over time.

Methods
We used the National Intensive Care Evaluation registry and extracted all patients with 
an unplanned ICU admission in the Netherlands between 2008 and 2017. The primary 
outcome was 1-year mortality, analyzed with a mixed-effects cox-proportional hazard 
regression. We compared the 1-year mortality of cancer patients to that of patients 
without cancer. Furthermore, we examined changes in mortality over the study period.

Results
We included 470,305 patients: 10,401 with hematological cancer, 35,920 with solid 
cancer, and 423,984 without cancer. The 1-year mortality rates were 60.1%, 46.2%, 
and 28.3% respectively (p<0.01). Approximately 30% of the cancer patients surviving 
their hospital admission died within 1-year, this was 12% in patients without cancer. 
In hematological patients, 1-year mortality decreased between 2008 and 2011, after 
which it stabilized. In solid cancer patients, inspection showed neither an increasing or 
decreasing trend over the inclusion period. For patients without cancer, 1-year mortality 
decreased between 2008 and 2013, after which it stabilized. A clear decrease in hospital 
mortality was seen within all three groups.

Conclusion
The 1-year mortality of cancer patients with an unplanned ICU admission (hematological 
and solid) was higher than that of patients without cancer. About one-third of the cancer 
patients surviving their hospital admission died within 1 year after ICU admission. We 
found a decrease in 1-year mortality until 2011 in hematology patients and no decrease 
in solid cancer patients. Our results suggest that for many cancer patients, an unplanned 
ICU admission is still a way to recover from critical illness, it does not necessarily lead to 
success in long-term survival. The underlying type of malignancy is an important factor 
for long-term outcome in patients recovering from critical illness.

Keywords: Intensive Care Unit, critical care, malignancy, cancer, neoplasm, ICU admis-
sion, mortality, survival, time trend, ICU triage
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IntRODUCtIOn

Worldwide, approximately 40% of all people is diagnosed with cancer during their life-
time (1). In general, malignancies remain a major cause of death in Europe and North 
America (2, 3). Fortunately, due to early detection and improved cancer treatment, long-
term mortality of cancer patients has decreased over the past decades (1, 4, 5). However, 
the probability of life threatening events related to therapy requiring intensive care has 
increased (6). Therefore, intensivists worldwide are increasingly confronted with cancer 
patients (7, 8).

Until the early 2000’s, patients with advanced malignancy were generally perceived in-
eligible for intensive care treatment due to the unfavorable outcomes (9-11). Nowadays, 
around 10%-20% of the patients admitted to an Intensive Care Unit (ICU) have cancer 
(12-14). Several studies show that ICU and hospital mortality of cancer patients has de-
creased over the years (9, 14-19). In particular, a good prognosis in planned postsurgical 
cancer patients has been reported (8, 15, 18, 20). Therefore, these patients are generally 
accepted to the ICU for postoperative care.

In contrast, studies reporting recent data regarding long-term mortality of cancer 
patients following unplanned ICU admission are scarce, especially studies describing 
a change over time of 1-year mortality. Recent data will complement previous literature 
(18-24), and is relevant for two reasons. Firstly, in an acute setting, ICU physicians may be 
confronted with critically ill cancer patients. An enhanced understanding of outcomes in 
this patient group may lead to improved treatment decisions of hematologists, oncolo-
gists and ICU physicians. Secondly, updated data may help to create realistic expecta-
tions towards patients and their relatives regarding ICU treatment and short-term and 
long-term mortality.

Therefore, the aim of our study was to determine whether the observed decrease in 
short-term mortality of cancer patients with an unplanned ICU admission is associated 
with a decrease in 1-year mortality. We assessed 1-year mortality of patients with a ma-
lignancy (hematological or a solid cancer) and without malignancy with an unplanned 
admission to the ICU. Subsequently, we assessed whether there was a trend in 1-year 
mortality over the study period.
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MetHODS

Patient data
The National Intensive Care Evaluation (NICE) registry was used to identify all adult 
patients with an unplanned admission to ICUs in the Netherlands from 2008 to 2017. 
This registry contains data of patients from 85% of the Dutch ICUs in 2008 to 100% of 
the Dutch ICUs in 2017 (25). An unplanned ICU admission was defined as an admission 
due to an acute medical condition or an admission following scheduled surgery with 
intra-operative complications requiring ICU admission.

The NICE registry contains data on ICU admission (planned or unplanned), demograph-
ics, physiological and diagnostic data, ICU characteristics, and ICU and hospital mortal-
ity of patients. We linked a national administrative insurance claims database (Vektis) 
to the NICE registry, to determine the 1-year mortality as previously reported (26, 27). 
Health insurance is obligatory for all Dutch citizens and 99% have private healthcare 
insurance (28). The Vektis databases (29) contain reimbursement data on all medical 
treatments paid for by Dutch insurance companies, as well as demographic information, 
such as date of birth, gender and a proxy for date of death for all registered inhabitants 
of the Netherlands.

We stratified the patients into three cohorts: patients with hematological cancer, pa-
tients with a solid malignancy, and patients without cancer.
- Patients with a hematological cancer were defined using the following three criteria: 

(i) patients referred from the hematological ward, (ii) patients with a hematological 
malignancy (e.g. Leukemia or Lymphoma) as admission diagnosis, or (iii) patients 
with ‘hematological malignancy’ as comorbidity.

- Patients with a solid malignancy were defined using the following three criteria: 
(i) patients referred from the oncology ward, (ii) patients with a solid malignancy 
as admission diagnosis, or (iii) patients with a comorbid condition ‘metastasized 
neoplasm’.

- The ICU patients without cancer were defined as all patients not included in the 
cohorts mentioned above.

All patients with a planned ICU admission were excluded. If patients were admitted to 
the ICU multiple times during the same hospitalization, only the first ICU admission was 
included in the analysis. Patients who underwent elective surgery and who subsequently 
had an unplanned ICU admission due to complications (e.g. after major bleeding during 
surgery) were included in this study as unplanned admissions.
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baseline characteristics and ICU admission characteristics
A complete list of the characteristics and definitions can be found in ES Table 1.

Primary and secondary outcomes
The primary outcome was 1-year mortality. Secondary outcomes were ICU and hospital 
mortality.

ethics
The Medical Ethics Review Committee Erasmus Medical Center Rotterdam (decision 
number MEC-2019-0779) approved this study. Data are pseudonymized stored in the 
NICE registry and analyses were performed on an encrypted dataset. Because of the 
retrospective nature of the study and the usage of anonymous data, no additional 
informed consent was necessary. All procedures are in line with the General Data Protec-
tion Regulation (GDPR, May 2018) and law and regulations of the Netherlands.

Statistical analysis
Baseline and ICU admission characteristics of the study population were reported as 
count (percentage) for categorical variables or as mean (standard deviation) for continu-
ous variables. Differences between the three cohorts were analyzed with the Chi-square 
test for categorical variables and the Wilcoxon test for continuous variables.

The 1-year mortality rates are reported as count and percentages for the three cohorts 
separately, differences were calculated with the Chi-square test. We analyzed the 1-year 
mortality trend over the inclusion period by using a mixed-effects Cox proportional haz-
ard model with calendar year 2008-2017 as independent variable, using dummies with 
2008 as reference. We used hospital as random intercept. The models were adjusted for 
APACHE IV mortality probability. Since the APACHE IV mortality probability also corrects 
for admission reasons besides age, physiology and underlying illness, we chose APACHE 
IV mortality probability instead of the APACHE IV score. For this analysis, we presented 
Hazard Ratios (HRs) and 95% Confidence Intervals (95% CI). Further, we used a post-
estimation Wald test to examine whether there were statistically significant differences 
in 1-year mortality over the inclusion period. This test examines the effect of including 
year dummies on mortality, however, it does not provide any information whether there 
is a decreasing or increasing trend over the inclusion period. Therefore, we plotted the 
HRs and 95% CIs in a graph. We performed a visual inspection on this graph, in which we 
compared HRs per calendar year to HRs in earlier years over the inclusion period, in order 
to determine whether a decreasing or increasing trend could be found. Moreover, when 
using a post-estimation Wald test, statistically significant differences and p-values refer 
to sample variation. Since we included all patients with an unplanned ICU admission to 
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the Dutch ICUs during the study period, we did not use a sample. The post-estimation 
Wald test is therefore subordinate to the visual inspection.

The secondary outcomes were analyzed using a similar strategy, with the exception that 
a mixed-effects binary logistic regression analysis, with calendar year (2008-2017) as 
independent variable, was used. This model was adjusted for APACHE IV mortality prob-
ability and included a random intercept for the hospital. For this analysis, we present 
the Odds Ratios (OR) with their 95% CI. All analyses were performed using R-studio 3.6.1. 
A p-value of < 0.05 was considered statistically significant.

ReSULtS

baseline and ICU admission characteristics
During the study period, 470,305 patients had an unplanned ICU admission, of these 
10,401 (2.2%) patients had hematological cancer, 35,920 (7.6%) patients had a solid 
malignancy, and 423,984 (90.2%) patients had no cancer. In ES Table 2, an overview of 
missing values for all cohorts is reported.

Baseline and ICU admission characteristics of the three cohorts are shown in Table 1. 
All differences between the cohorts were statistically significant (p<0.05). The APACHE 
IV score was significantly higher in patients with hematological cancer compared to 
patients with a solid malignancy and patients without cancer, where there was no dif-
ference between the solid cancer and no-cancer patients (median 86 versus 59 and 57, 
respectively, p<0.01). Secondly, within 24 hours of ICU admission, 20.7% of the patients 
with hematological cancer had developed acute kidney failure (AKI), versus 10.2% in 
patients with a solid malignancy, and 11.1% in patients without cancer. Thirdly, me-
chanical ventilation was used in 50.3% of the patients with hematological cancer, in 
36.5% of the patients with solid cancer, and in 45.4% of patients without cancer. Finally, 
vasoactive drugs were used in 47.2% in patients with hematological cancer, in 36.7% in 
patients with a solid malignancy, and in 34.6% in patients without a malignancy.
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table 1 baseline and ICU admission characteristics

Hematological
malignancy

Solid
malignancy

Without
malignancy

(n=10,401) (n=35,920) (n=423,984)

Age 63.9 (13.9) 67.5 (12.0) 62.3 (17.3)

Gender (male) 6,495 (62.5%) 20,805 (57.9%) 238,323 (56.2%)

BMI 25.2 (4.8) 25.8 (5.1) 26.4 (5.9)

APACHE IV score 86 [68-109] 59 [43-81] 57 [38-81]

Comorbidity

COPD & respiratory insufficiency 1,405 (13.9%) 5,687 (15.8%) 75,214 (17.7%)

Renal insufficiency & dialysis 858 (8.2%) 1,651 (4.6%) 27,699 (6.5%)

Liver cirrhosis 110 (1.1%) 337 (0.9%) 7,806 (1.8%)

Cardiovascular insufficiency 328 (3.2%) 1,050 (2.9%) 21,645 (5.1%)

Immunological insufficiency 6,210 (59.7%) 6,121 (17.0%) 23,621 (5.6%)

Underlying type hematological malignancy

Leukemia 1,342 (12.9%)

Hodgkin lymphoma 118 (1.1%)

Non-Hodgkin lymphoma 813 (7.8%)

Bone marrow transplant 57 (0.5%)

Hematological malignancy, not specified 8,071 (77.6%)

Specification cohort 1

Comorbidity: hematological malignancy 6,599 (63.4%)

Referral specialism: hematology 284 (2.7%)

Both comorbidity and referral specialism 802 (7.7%)

APACHE IV diagnosis: hematological malignancy 2,330 (22.4%)

APACHE IV diagnosis: other 386 (3.7%)

Underlying type solid malignancy

Gastrointestinal malignancy 11,037 (30.7%)

Pancreas malignancy 842 (2.3%)

Renal/Urogenital malignancy 2,985 (8.3%)

Neurological malignancy 2,144 (6.0%)

Respiratory malignancy 4,696 (13.1%)

Solid malignancy, not specified 14,216 (39.6%)

Specification cohort 2

Comorbidity: neoplasm 13,211 (36.8%)

Referral specialism: oncology 183 (0.5%)

Both comorbidity and referral specialism 344 (1.0%)

APACHE IV diagnosis: solid malignancy 21,704 (60.4%)

APACHE IV diagnosis: other 478 (1.3%)

Admission reason

Respiratory failure 1,038 (10.5%) 2,062 (9.8%) 33,287 (7.9%)
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table 1 baseline and ICU admission characteristics (continued)

Hematological
malignancy

Solid
malignancy

Without
malignancy

(n=10,401) (n=35,920) (n=423,984)

Sepsis 2,454 (24.9%) 3,484 (16.6%) 38,235 (9.0%)

Pneumonia 2,427 (24.6%) 2,323 (11.0%) 40,097 (9.5%)

Acute kidney injury/failure 163 (1.7%) 313 (1.5%) 4,408 (1.0%)

Complications of surgery 49 (0.5%) 730 (3.5%) 7,375 (1.7%)

Cardiac disease 582 (5.9%) 1,289 (6.1%) 36,370 (8.6%)

Cardiac arrest 351 (3.6%) 849 (4.0%) 27,074 (6.4%)

Neurological 465 (4.7%) 1,213 (5.8%) 38,350 (9.0%)

Medication related 17 (0.2%) 81 (0.4%) 15,493 (3.7%)

Gastro-intestinal 885 (9.0%) 4,388 (20.9%) 47,987 (11.3%)

Metabolic/endocrine 176 (1.8%) 578 (2.7%) 11,362 (2.8%)

Thromboembolism 146 (1.5%) 612 (2.9%) 11,548 (2.7%)

Other 1,111 (11.3%) 3,078 (14.6%) 111,798 (26.4%)

Admission type

Medical 9,212 (88.7%) 13,540 (38.0%) 296997 (71.4%)

Emergency surgery 888 (8.6%) 7,435 (20.9%) 81295 (19.5%)

Elective surgery 280 (2.7%) 14,624 (41.1%) 37707 (9.1%)

Admitted from

Emergency department 2,243 (21.9%) 4,286 (12.1%) 150,865 (36.6%)

Operation theatre 1,019 (10.0%) 19,353 (54.5%) 101,675 (24.6%)

Ward 6,101 (59.6%) 10,203 (28.7%) 122,253 (29.6%)

CCU/ICU 678 (6.6%) 950 (2.7%) 25,342 (6.1%)

Special/Medium Care 64 (0.6%) 299 (0.8%) 2,748 (0.7%)

Home 78 (0.8%) 191 (0.5%) 5,469 (1.3%)

Other 49 (0.5%) 231 (0.7%) 4,409 (1.1%)

Diagnoses at admission

CPR 476 (4.6%) 1,130 (3.1%) 30,616 (7.2%)

Gastro-intestinal bleeding 365 (3.5%) 1,105 (3.1%) 12,960 (3.1%)

Cardiovascular 1,461 (14.1%) 3,290 (9.2%) 57,336 (13.5%)

Neurological 368 (3.5%) 1,950 (5.4%) 12,960 (3.1%)

Diabetes 1,318 (12.7%) 5,103 (14.2%) 68,826 (16.2%)

Diagnoses within 24h of ICU admission

Acute renal failure 2,155 (20.7%) 3,663 (10.2%) 47,142 (11.1%)

Mechanical ventilation 5,236 (50.3%) 13,105 (36.5%) 19,2411 (45.4%)

Confirmed infection 4,116 (39.6%) 6,639 (18.5%) 83,919 (19.8%)

Vasoactive drugs 4,913 (47.2%) 13,186 (36.7%) 146,767 (34.6%)

• Data are displayed as mean (standard deviation) for continuous and count (percentages) for categorical variables, all 
p-values were highly significant with a p<0.01.
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Primary outcome
The 1-year mortality rate of patients with hematological cancer, a solid malignancy, 
and without cancer was 60.1%, 46.2%, and 28.3%, respectively (p<0.01, Table 2). Figure 
1A shows the trend of Hazard Ratios for 1-year mortality over the study period for the 
three cohorts. For hematological patients visual inspection of the 1-year mortality 
graph showed a decreasing trend until 2011, after which the mortality stabilized. The 
post-estimation Wald test showed no differences in mortality per year over the inclusion 
period (p=0.58). In contrast, for patients with a solid malignancy, the post-estimation 
Wald test showed a difference in 1-year mortality per year over the inclusion period 
(p<0.01). Visual inspection suggested this difference was mainly due to significant lower 
HR in 2011, with a wide variation between HRs over other years, in neither an increas-
ing nor decreasing trend. For patients without cancer, visual inspection of the 1-year 
survival graph suggested a decreasing trend in HRs until 2013, after which the mortality 
stabilized. The post-estimation Wald test found a difference in 1-year mortality over the 
study period (p<0.01).

Secondary outcomes
ICU mortality of hematological patients was 28.6%, of patients with a solid malignancy 
13.6%, and of patients without cancer 12.5% (p<0.01, Table 2). Figure 1B shows the trend 
of Odds Ratios for ICU mortality over the study period for the three cohorts. For patients 
with a hematological malignancy visual inspection suggested a decrease in ORs until 
2012, with a slight increase from 2015 till 2017. The Wald test found a difference in ICU 
mortality over the inclusion period (p <0.01). For patients with a solid malignancy, visual 
inspection suggested a varying trend in HRs per year, with no clear decrease or increase. 
The Wald test found no difference in ICU mortality over the inclusion period (p=0.11). For 
patients without cancer visual inspection suggested a decreasing trend until 2013, after 
which the mortality stabilized. The Wald test found a difference in ICU mortality over the 
inclusion period (p<0.01).

table 2 Overview of mortality rates and ICU/Hospital length of stay

Hematological
malignancy

Solid
malignancy

Without
malignancy

(n=10,401) (n=35,920) (n=423,984)

ICU mortality 2,969 (28.6%) 4,890 (13.6%) 52,864 (12.5%)

Hospital mortality 3,724 (37.9%) 6,916 (20.0%) 65,026 (16.4%)

1-year mortality 5,916 (60.1%) 15,606 (46.2%) 111,328 (28.3%)

ICU Length of stay (days) 2.4 [0.9-6.2] 1.1 [0.8-2.9] 1.6 [0.7-3.8]

Hospital Length of stay after ICU (days) 10.3 [4.3-20.5] 8.6 [4.4-15.4] 7.5 [3.2-15.4]

• All p-values assessing statistical differences between cohorts were highly significant with a p<0.01.
• Patients who were lost to follow up are not included in this table.
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The hospital mortality of hematological patients was 37.9%, of patients with a solid 
malignancy 20.0%, and of patients without cancer 16.4%, (p<0.01). Figure 1C shows the 
trend of Odds Ratios for hospital mortality over the inclusion period for the three co-
horts. We found with a visual inspection a decrease of hospital mortality for each cohort 
over the inclusion period. The post-estimation Wald test suggested a difference for each 
of the three cohorts as well (p<0.05).

Additional post-hoc observations
Three additional factors, relevant for the interpretation of our results, were also ana-
lyzed. First, when patients with cancer (either hematological or solid) survived hospital 
admission, approximately one third died (30%) within the year following that ICU admis-
sion. In the patients without cancer, this number was lower (12%).

Second, visual inspection of the APACHE IV probability of mortality over the study 
period suggested no major changes in illness severity at admission over the inclusion 
period for each cohort. The post-estimation Wald test showed differences in APACHE IV 
probability of mortality between calendar years over the inclusion period for all three 
cohorts (p<0.01). The APACHE IV probability of mortality for each cohort is presented in 
ES Figure 1.).

Third, the proportion of patients in the three cohorts was similar in each year during the 
study period. Patients with hematological malignancy represented 2-3%, patients with 
a solid malignancy 7-8%, and on average 90% of the admitted patients had no cancer 
(ES Table 3).

DISCUSSIOn

In this study, we showed that in the period of 2008 to 2017, cancer patients (either 
hematological or solid) with unplanned ICU admission had a significantly higher 1-year 
mortality compared to patients without cancer with an unplanned ICU admission. In 
patients with hematological cancer, we found a decrease in 1-year mortality from 2008 
to 2011, after which mortality stabilized. In patients with solid cancer, no change was 
seen. We found evidence for an overall decreasing trend in hospital mortality of critically 
ill cancer patients. Apparently, for many cancer patients, ICU admission is still a bridge 
to recover from their critical illness. It however does not necessarily lead to success in 
long-term survival, the underlying type of malignancy or its treatment is an important 
factor for long-term outcome in patients recovering from critical illness.
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In contrast to the decrease in long-term mortality over the past decades of cancer pa-
tients in general (1, 4, 5), in this cohort of patients with an unplanned ICU admission, 
we found only a small decrease in 1-year mortality in hematological patients and no 
decrease in solid cancer patients. The variety in underlying types of malignancy and 
treatment options for those different malignancies might explain the slight or absent 
decrease in 1-year mortality of patients with cancer and an unplanned ICU admission 
(19). Interestingly, a recent study reporting mortality trends of septic shock patients 
showed a decrease in mortality between 2009 and 2011 after which it stabilized (30). 
In our study population, a considerable part (particularly in those with a hematological 
malignancy) was admitted with sepsis or infection to the ICU. The absence of new treat-
ments since 2011 for sepsis and septic shock might explain the absence of a decrease in 
mortality after 2011.

Complementary to other literature, our study presents long-term mortality data from a 
nationwide registry in cancer patients with an unplanned ICU admission (18-24). Differ-
ences in case-mix between our study and previous literature makes direct comparison 
difficult. For example, a large study performed in the United States with data from 
2002-2011 (19) reported a decrease in 1-year mortality of patients with hematological 
cancer and solid cancers. However, this study included both planned and unplanned 
ICU admissions. Interestingly, the final year of their database (2011) was similar to the 
year in which in our database, the decrease in 1-year mortality of hematological patients 
ended. Other studies regarding long-term mortality do not report trends over time. For 
example, Puxty et al. (18) compared mortality rates of surgical patients with and without 
cancer admitted to the ICU. They reported a lower 1-year mortality when compared to 
our study, however, the majority of their patients had a planned ICU admission. Further, 
a study from Belgium (20) showed comparable mortality for patients with hematological 
cancers to our study, while the 1-year mortality of patients with a solid malignancy was 
lower than in our study. Again, the study of Oeyen et al. included both planned and un-
planned ICU patients. Two studies (Ehooman et al (24) and Azoulay et al.(31)) included 
only hematological patients. ICU, hospital and 1-year mortality rates of their patients 
were comparable to that of the hematological patients in our study. Finally, the 1-year 
mortality of cancer patients in our study was lower than that of studies with smaller 
sample size from Spain, Austria and Switzerland (21-23). Apart from sample size, there is 
only a small difference in case-mix between our study and these three studies. Although 
no decrease in 1-year mortality was seen in our study, the decrease in mortality when 
compared to these studies might be reason for cautious optimism regarding long-term 
mortality.
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As secondary outcome, we found a decrease in hospital mortality over the inclusion 
period for all three cohorts. These results are in line with several other studies that 
showed a decreasing trend in hospital mortality of cancer patients (9, 14-19). Relevant 
to note is that when cancer patients (either hematological or solid) survived the hospital 
admission, approximately one third died within the year following the ICU admission. In 
patients without cancer, this number was considerably lower (12%).

One of the strengths of our study is that it adds to current literature. Especially the fact 
that underlying type of malignancy or its treatment may be an important factor for 
long-term outcome in patients recovering from critical illness. A large recent study (32) 
showed similar results. Among all diagnostic subgroups of the ICU population included 
in that study, patients with nonsurgical cancer had the lowest cumulative 1-year sur-
vival. A possible explanation could be that a considerable part of the deaths within one 
year in the cancer cohorts is directly or indirectly related to the underlying malignancy 
or its treatment. This may explain the clear improvement in short-term mortality of 
cancer patients, while no clear improvement in long-term mortality was seen. A pos-
sible and not unlikely explanation for the decrease in hospital mortality and high 1-year 
mortality may be the physician’s decision to discharge patients to a nursing home or 
hospice for the terminal phase, leading to a spurious reduction of mortality risk when 
using hospital death as outcome (33, 34). Unfortunately, we have no data available in 
the NICE register to support this hypothesis. However, ICU admissions of patients are 
often determined by short-term survival benefit, and not by long-term prognosis (35). 
In addition, physicians do not always communicate adequately about prognosis and 
benefits of treatments towards patients and relatives (36-38). Ideally, oncologists and 
hematologists discuss long-term outcomes after an ICU admission with patients and 
relatives well before an ICU admission, in order to manage expectations. All physicians 
should consider benefits and burden of an ICU admission for each patient individually 
before ICU referral or admission.

Limitations
For interpreting the study results, the following limitations should be considered.
- First, our study is a general description of a heterogenous population of critically ill 

cancer patients (both hematological malignancies and solid malignancies) with an 
unplanned ICU admission.

- Second, we could not include the type and stage of the malignancy, the continuation 
of cancer treatment, and the performance status prior to ICU admission. Originally, 
the NICE registry is a quality of ICU care registry in the Netherlands, in which not all 
clinically relevant factors for cancer patients are registered. However, the impact on 
the outcomes of the current study might be limited as it is unlikely that cancer types 
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and stages or performance status have significantly changed during the study period 
(39).

- Third, various reasons ICU admission exist in cancer patients. These factors were be-
yond the scope of this descriptive study and although relevant, cannot be reported.

- Fourth, we performed a post-estimation Wald test and a visual inspection. To inter-
pret our results, we used the visual inspection as leading result. As described in the 
methods, the post-estimation Wald test is subordinate to the visual inspection.

- Lastly, differences in treatment standards may occur for cancer patients across 
hospitals. However, by including a hospital random intercept in our models, we cor-
rected for hospital variations. In addition, the actual numbers and proportions of 
cancer patients with an unplanned ICU admission were not different over the study 
period. This suggests that at least similar numbers of cancer patients were admitted 
without structural changes in admission policies.

Future research
Linking the NICE registry with the national cancer registry in the Netherlands may enrich 
the data with clinically relevant factors. Such enrichment may help to identify patients 
with a malignancy who are likely to benefit most from ICU admission (6, 7).

It would be helpful to establish more uniform inclusion criteria to enable a viable 
comparison between countries. In order to minimize other sources of heterogeneity, 
analysis on subgroups of cancer patients, such as septic and non-septic patients, may 
be considered in future research.

COnCLUSIOn

The 1-year mortality of cancer patients (hematological and solid) with an unplanned ICU 
admission is higher than that of patients without cancer. One third of the cancer patients 
surviving ICU admission died within 1 year after ICU admission. We found a decrease 
in 1-year mortality until 2011 in hematology patients and no decrease in solid cancer 
patients. Our results suggest that in many cancer patients an unplanned ICU admission 
is still a bridge to recover from critical illness, it does not necessarily lead to success in 
long-term survival. The underlying type of malignancy is an important factor for long-
term outcome in patients recovering from critical illness.
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Supplementary Material Table 1 List of variables and definitions of the baseline and ICU characteristics

Admission reason Condition or critical illness leading to ICU admission

Admission reason: Acute kidney injury 
/ failure

Included all Acute Physiology and Chronic Health Evaluation 
(APACHE) IV admission reasons related to acute kidney injury

Admission reason: Cardiac arrest Included all Acute Physiology and Chronic Health Evaluation 
(APACHE) IV admission reasons related to cardiac arrest

Admission reason: Cardiac disease Included all Acute Physiology and Chronic Health Evaluation 
(APACHE) IV admission reasons related to cardiac disease

Admission reason: complications of 
surgery

Included all Acute Physiology and Chronic Health Evaluation 
(APACHE) IV admission reasons related to surgery complications

Admission reason: Gastro-intestinal Included all Acute Physiology and Chronic Health Evaluation 
(APACHE) IV admission reasons related to gastro-intestinal diseases

Admission reason: Medication related Included all Acute Physiology and Chronic Health Evaluation 
(APACHE) IV admission reasons related to medication

Admission reason: Metabolic / 
endocrine

Included all Acute Physiology and Chronic Health Evaluation 
(APACHE) IV admission reasons related to metabolic / endocrine 
diseases

Admission reason: Neurological Included all Acute Physiology and Chronic Health Evaluation 
(APACHE) IV admission reasons related to neurological diseases

Admission reason: Pneumonia Included all Acute Physiology and Chronic Health Evaluation 
(APACHE) IV admission reasons related to pneumonia

Admission reason: Respiratory failure Included all Acute Physiology and Chronic Health Evaluation 
(APACHE) IV admission reasons related to respiratory failure

Admission reason: Sepsis Included all Acute Physiology and Chronic Health Evaluation 
(APACHE) IV admission reasons related to sepsis

Admission reason: Thromboembolism Included all Acute Physiology and Chronic Health Evaluation 
(APACHE) IV admission reasons related to thromboembolism

Admission type: Elective surgery ICU admissions after surgery at a time that suits both patient 
and surgeon or early surgery scheduled within 24 hours after OR 
indication

Admission type: Emergency surgery ICU admission after immediate surgery where resuscitation, 
stabilisation and physiological optimization is performed directly 
prior to the surgical procedure or simultaneously with the surgical 
procedure

Admission type: Medical All ICU admissions not directly from the operation room or the 
recovery.

APACHE IV score Acute Physiology and Chronic Health Evaluation, the APACHEIII score 
used in the APACHE IV model
We used a non-calibrated APACHE IV score, as described in 
Zimmerman et al. (35). By using one APACHE IV model, the APACHE 
score is not influenced by time, and therefore by differences in 
medical care, leading to the same mortality prediction in patients 
with equal characteristics.
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Supplementary Material Table 1 List of variables and definitions of the baseline and ICU characteristics (continued)

Admission reason Condition or critical illness leading to ICU admission

Comorbidity: Immunological 
insufficiency

Immunological insufficiency: Long term immunosuppressive 
therapy, or corticosteroid use (short term high and long term low 
dosages), or active chemotherapy or radiotherapy in the past year, 
or chemotherapy or radiotherapy for Hodgkin or non-Hodgkin 
lymphoma at any time for IC admission, or humoral or cellular 
deficiencies.
Or Aids: HIV-positive and clinical complications such as pneumocystis 
carinii pneumonia, Kaposi’s sarcoma, lymphoma, tuberculosis of 
toxoplasma infection, or HIV-positive with CD4 < 200.

Comorbidity: Cardiovascular 
insufficiency

Angina or symptoms at rest or during minimal effort, such as dressing 
and personal hygiene (New York Heart Association class IV).

Comorbidity: COPD & respiratory 
insufficiency

COPD: Chronic condition in which pulmonary function deteriorates. 
The most important pathologies which fall into this category are 
chronic bronchitis, chronic bronchiolitis and emphysema
Respiratory insufficiency: chronic restrictive, obstructive or vascular 
conditions in the lungs resulting in very severe restriction of mobility,
OR registered chronic hypoxia, secondary polycythaemia, severe 
pulmonary hypertension (PAP sys > 40 mm Hg), or respiratory 
dependence (e.g. O2-dependent active respiratory conditions, 
sarcoidosis, interstitial fibrosis, tuberculosis, chronic obstructive 
pulmonary diseases).

Comorbidity: liver cirrhosis Positive biopsy and documented portal hypertension, or there have 
been previous periods of high gastrointestinal bleeding as a result 
of portal hypertension, or there have been previous periods of 
hepatic failure, coma or encephalopathy (before the current hospital 
admission).

Comorbidity: Renal insufficiency & 
dialysis

Raised serum creatinine > 177 umol/L (2.0 mg/dl) and renal 
insufficiency in the medical history (before the current hospital 
admission).
Or if the patient has been receiving long-term haemodialysis or 
peritoneal dialysis prior to the current hospital admission.

Diagnoses at admission A diagnosis present before the ICU admission

Diagnoses at admission: cardiovascular If one of the next diagnoses is present in combination with 
hemodynamic instability in 24 hours before ICU admission: 
arrhythmia, paroxysmal tachycardia, atrial fibrillation with high 
ventricular response (≥120/minute), second-/third degree AV-block. 
Hemodynamic instability is defined as systolic blood pressure 
<90mmHg, heart frequency >140 beats per minute, or need for 
medical intervention such as inotropes/vasopressors, defibrillation, 
anti-arrhythmic medication or a pacemaker.
Or a myocardial infarction in the six months prior to IC admission.

Diagnoses at admission: CPR CPR (heart massage) during the 24 hours before ICU admission. 
Defibrillation and / or cardioversion without a heart massage do not 
count as CPR.

Diagnoses at admission: Diabetes Medication-dependent form of diabetes. This must have been 
diagnosed before the current IC admission.

Diagnoses at admission: Gastro-
intestinal bleeding

Hematemesis, melena or a gastro-intestinal bleeding found by 
gastro-intestinal endoscopy in 24 hours before ICU admission
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Supplementary Material Table 1 List of variables and definitions of the baseline and ICU characteristics (continued)

Admission reason Condition or critical illness leading to ICU admission

Diagnoses at admission: Neurological Cerebral embolism, occlusion, bleeding, or infarction prior ICU 
admission or within 1 hour after ICU admission.
Or If an abscess, tumour, bleeding, or subdural contusion identified 
by CT/MRI and causes midline shift, obliteration/distortion of the 
cerebral ventricles, bleeding in cerebral ventricle/subarachnoid 
space, mass of >4cm or a contrast enhanced mass. If mass effect is 
present at least within 1 hour after ICU admission, a CT scan is not 
mandatory.

Solid malignancy Patients from the oncology ward
Or solid malignancy (such as colorectal cancer or lung cancer) 
determined with Acute Physiology and Chronic Health Evaluation 
(APACHE) IV admission reasons
Or with a co-morbid condition ‘metastasized neoplasm’ defined as 
‘Metastases which have been diagnosed by clinical examination or 
confirmed by a pathology report or if there is Stage IV cancer (not 
solely regional lymph nodes).’

Unplanned ICU admission An ICU admission which was not known (not planned) before the 
actual ICU admission and could not have been delayed 12 hours 
without risk.

Within 24h ICU admission Diagnoses or therapies used during the first 24 hours of ICU 
admission

Within 24h ICU admission: Acute renal 
failure

Renal replacement therapy (during first 24 hours of ICU stay), or 
Serum creatinine level greater than 1.5 mg/100 ml (or 133µmol/l) 
during the previous 24 hours, associated with oliguria.
Oliguria is defined as urine production ≤150 ml over a period of 8 
consecutive hours. This oliguria cannot be caused by a missing or 
tight-fitting urine catheter or due to incontinence.

Within 24h ICU admission: Confirmed 
infection

Confirmed infection upon admission or if infection is confirmed 
during the first 24 hours of IC treatment. Accepted confirmation of 
infection is culture results and Gram staining. Perioperative findings 
may qualify as evidence: for example faeces in the open peritoneal 
cavity with laparotomy scores ‘yes’. It is therefore also possible 
to score “yes” on basis of a very strong suspicion of infection in 
radiology (e.g. new infiltrate) in conjunction with the clinic (e.g. 
purulent sputum and fever).
Laboratory confirmation (including verbal or fax confirmation) must 
be obtained during the first 24 hours of admission. If the results are 
received after this, a ‘no’ must be scored.
If perioperative findings are used, the procedure must have taken 
place either immediately prior to ICU admission or during the first 24 
hours of ICU treatment.
If radiological or other imaging material is used, the evidence must 
be undisputed.

Within 24h ICU admission: Mechanical 
ventilation

Use of a ventilator at the moment of IC admission or immediately 
(within 15 minutes) thereafter.

Within 24h ICU admission: Vasoactive 
drugs

Continuous intravenous vasoactive medication for a minimum period 
of one hour during the first 24 hours of ICU admission.
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Supplementary Material table 2. Summary of percentage of missing values

Hematological
malignancy

Solid
malignancy

Without
malignancy

(n=10,401) (n=35,920) (n=423,984)

ICU 4 (0.04%) 4 (0.01%) 146 (0.03%)

Hospital 584 (5.6%) 1,415 (3.9%) 28,007 (6.6%)

1-year 564 (5.4%) 2,116 (5.9%) 29,922 (7.1%)

Supplementary Material table 3. Count (percentage) of patients with a malignancy as compared to total number of 
patients in each year over the inclusion period.

Year Hematological
malignancy

Solid
malignancy

Without
malignancy

2008 583 (2%) 2,460 (8%) 28,921 (90%)

2009 810 (2%) 3,331 (8%) 36,779 (90%)

2010 908 (2%) 3,706 (8%) 39,082 (90%)

2011 990 (2%) 3,794 (8%) 40,757 (90%)

2012 985 (2%) 3,816 (8%) 43,389 (90%)

2013 1,130 (2%) 3,705 (7%) 44,827 (90%)

2014 1,215 (2%) 4,041 (8%) 47,481 (90%)

2015 1,233 (2%) 3,961 (8%) 48,116 (90%)

2016 1,326 (3%) 3,661 (8%) 47,962 (91%)

2017 1,221 (2%) 3,445 (7%) 46,670 (91%)

Supplementary Material Figure 1. time trend APACHe IV score in cohort 1, 2 and 3

 

 

 

 

 

 

 

 

 

 





4
Assessment of Mortality and Performance 

status in Critically ill Cancer Patients: A 
Retrospective Cohort Study

Authors: Esther N. van der Zee1*, Lianne M. Noordhuis 1, Jelle L. Epker MD1, Nikki van 
Leeuwen 2, Bas P.L. Wijnhoven3, Dominique D. Benoit4, Jan Bakker1,5,6,7 and Erwin J.O. 
Kompanje1

1.  Department of Intensive Care, Erasmus University Medical Center, Rotterdam, the Netherlands.
2.  Center for Medical Decision Making, Department of Public Health, Erasmus University Medical 

Center, Rotterdam, The Netherlands
3.  Department of Surgery, Erasmus University Medical Center, Rotterdam, The Netherlands
4.  Department of Intensive Care, Ghent University Hospital, Ghent, Belgium
5.  Department of Pulmonology and Critical Care, New York University NYU Langone Medical Center, 

New York USA
6.  Department of Pulmonology and Critical Care Columbia University Irvine Medical Center New York 

USA
7.  Pontificia Universidad Católica de Chile, Department of Intensive Care, Santiago Chile

Acknowledgements: None.



58

AbStRACt

Introduction
Given clinicians’ frequent concerns about unfavourable outcomes, Intensive Care Unit 
(ICU) triage decisions in acutely ill cancer patients can be difficult, as clinicians may have 
doubts about the appropriateness of an ICU admission. To aid to this decision making, 
we studied the survival and performance status of cancer patients 2 years following an 
unplanned ICU admission.

Materials and methods
This was a retrospective cohort study in a large tertiary referral university hospital in the 
Netherlands. We categorized all adult patients with an unplanned ICU admission in 2017 
into two groups: patients with or without an active malignancy. Descriptive statistics, 
Pearson’s Chi-square tests and the Mann-Whitney U tests were used to evaluate the 
primary objective 2-year mortality and performance status. A good performance status 
was defined as ECOG performance status 0 (fully active) or 1 (restricted in physically 
strenuous activity but ambulatory and able to carry out light work). A multivariable 
binary logistic regression analysis was used to identify factors associated with 2-year 
mortality within cancer patients.

Results
Of the 1046 unplanned ICU admissions, 125 (12%) patients had cancer. The 2-year mor-
tality in patients with cancer was significantly higher than in patients without cancer 
(72% and 42.5%, P <0.001). The median performance status at 2 years in cancer patients 
was 1 (IQR 0-2). Only an ECOG performance status of 2 (OR 8.94; 95% CI 1.21-65.89) was 
independently associated with 2-year mortality.

Conclusions
In our study, the majority of the survivors have a good performance status 2 years after 
ICU admission. However, at that point, three-quarter of these cancer patients had died, 
and mortality in cancer patients was significantly higher than in patients without cancer. 
ICU admission decisions in acutely ill cancer patients should be based on performance 
status, severity of illness and long-term prognosis, and this should be communicated in 
the shared decision making. An ICU admission decision should not solely be based on 
the presence of a malignancy.

Keywords: Mortality, Neoplasm, Critical Care, ICU, ECOG performance status, SOFA
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IntRODUCtIOn

Over the past two decades, the number of cancer patients requiring intensive care treat-
ment has increased (1). In 2009, a large European multicentre study showed that 15% 
of the patients admitted to the Intensive Care Unit (ICU) have cancer (2). Historically, 
during the 1980’s and 1990’s, these patients were commonly considered ineligible for 
intensive care treatment given their presumed unfavourable outcome (3, 4). However, 
ICU and hospital mortality of these patients has decreased significantly (1, 4-6). Nowa-
days, ICU patients with a solid malignancy have similar mortality when compared to 
ICU patients without a malignancy (7). Although the reported mortality of ICU patients 
with a hematological malignancy varies (8-10), a decrease in mortality over the years 
has been described (5, 11).

Despite the encouraging trend in survival rates of cancer patients admitted to the ICU, 
the decision to admit these patients to the ICU remains challenging, especially in the 
acute setting (12). In an area with rapid evolution of diagnostics and new innovative 
cancer treatments, reliable literature about mortality and morbidity of cancer patients 
admitted to the ICU unplanned is essential, in order to manage outcome expectations of 
health care providers, patients and relatives.

Complications of cancer treatment, such as cardiomyopathy or kidney failure, can 
become clinically evident even decades after completion of therapy (13-17). These 
complications could influence the outcome of former cancer patients admitted to the 
ICU. Mortality and performance status of former cancer patients in complete remission 
(CR) requiring an unplanned ICU admission has not been extensively studied, except for 
stem cell transplant patients with hematologic malignancies.

The aim of this study was to assess the mortality and performance status of critically ill 
cancer patients 2 years after an unplanned ICU admission. Second, we aimed to compare 
mortality of these acutely admitted patients to mortality of patients without cancer. 
Further, we aimed to identify factors associated with 2-year mortality in cancer patients. 
Finally, we assessed mortality of former cancer patients in complete remission at time 
of ICU admission.
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MAteRIALS AnD MetHODS

Study design and setting
We conducted a retrospective cohort study in a large tertiary referral university hos-
pital ICU in the Netherlands. First, we identified all adult patients with an unplanned 
admission to the ICU in 2017, using the Electronic Health Record (EHR). Subsequently, 
we categorized the patients into two groups: 1) patients with an active malignancy 
(study population), 2) patients without active cancer. Only for the analyses evaluating 
outcomes of patients in CR, a third group was created, in which former cancer patients 
were included.

Participants
All patients with an unplanned ICU admission and active cancer were included in group 
1, the study population. All patients without cancer were included in group 2. Only for 
the analyses regarding patients in CR, the latter group was divided in patients without 
cancer and former cancer patients.

We excluded patients with a diagnosis of a non-melanoma skin malignancy (squamous-
cell skin cancer or basal-cell carcinoma) because of its relatively favourable prognosis, 
usually without life threatening complications. Similarly, patients with a premalignant 
condition (e.g. colon polyps) were also excluded.

ethical approval
The Medical Ethics Review Committee Erasmus Medical Center Rotterdam (decision 
number MEC-2018-1172) approved this study. No additional patient consent was re-
quired.

Data collection
Patient and ICU characteristics were collected using the EHR. CR was defined as no 
detectable malignancy based on data from the EHR. As the 5-year survival of cancer pa-
tients is commonly used to describe the prognosis of a malignancy (18, 19), we divided 
patients in CR into two groups: CR < 5 year and CR > 5 year. A metastatic solid malignancy 
was defined as a solid tumour with the presence of cancer cells in non-primary organ(s) 
or in distant lymph nodes, as extracted from the EHR.

The comorbidity of patients was measured using the Charlson Comorbidity Index (CCI) 
(20). The Eastern Cooperative Oncology Group (ECOG) Performance Status was used to 
assess performance status in the month to fourteen days before the ICU admission (21). 
To evaluate the severity of the acute illness, the Sequential Organ Failure Assessment 
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(SOFA) score was used (22-24). Unplanned ICU admission was defined as an admission 
due to an acute medical condition or an admission following emergency surgery or 
scheduled surgery with intra-operative complications requiring ICU admission. Read-
missions were defined as a new ICU admission within 30 days after ICU discharge during 
the same hospitalization period.

Comfort care was defined as the withdrawal of life-sustaining ICU treatment combined 
with the initiation of palliative medications when indicated. Short-term mortality was 
defined as ICU and hospital mortality. Long-term mortality was defined as mortality 2 
years after ICU admission.

Outcomes
The primary objective of the study was to assess long-term mortality and performance 
status of critically ill cancer patients. Furthermore, to compare the mortality of these 
patients to patients without active cancer admitted to the ICU unplanned. We used 
data from the EHR (e.g. medical records by specialists) to determine mortality and 
performance status of cancer patients 2 years after ICU admission and 2-year mortality 
in patients without active cancer.

Secondary objectives were ICU and hospital mortality, mortality at 6 months and 1 
year following the index ICU admission and the identification of factors associated with 
2-year mortality in cancer patients. Further, to assess short-term and long-term mortal-
ity of patients in CR. Similarly to the primary outcomes, the EHR was used to determine 
secondary objectives.

Statistical analyses
Descriptive statistics were used to describe patient characteristics, ICU characteristics 
and mortality in the study population. Categorical variables are reported as numbers 
with percentage. Continuous variables are reported as mean and standard deviation for 
normally distributed data or, in case of a skewed distribution, median with 25th–75th 
interquartile range (IQR).

Mortality is reported as numbers with percentage. Performance status is reported as 
mean and standard deviation for normally distributed data or, in case of a skewed distri-
bution, median with 25th–75th interquartile range. To compare the 2-year mortality and 
relevant patient and ICU characteristics (i.e. age, gender, SOFA score), we used Pearson’s 
Chi-square tests or the Fisher’s exact tests for categorical variables and Independent 
Samples T-Tests (normal distribution) or the Mann-Whitney U tests (skewed distribu-
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tions) for continuous variables. A statistical test with a two tailed p value ≤ 0.05 was 
considered as significant.

Univariable binary logistic regression was used to assess the association between long-
term mortality and the following variables: age, gender, ECOG PS before ICU admission, 
status of the malignancy (i.e. active, CR< 5 year, CR>5 year), malignancy type (i.e. solid or 
hematological), admission reason, metastatic solid disease, stem cell transplantation, 
SOFA score, sepsis and cancer treatment during ICU admission. Subsequently, variables 
with a p-value <0.2 in the univariable analysis were evaluated in a multivariable binary 
logistic regression analysis, except for variables with a small sample size or in case of 
collinearity. Data were analysed by using IBM®SPSS® Statistics 24.0 (IBM, Chicago, IL, 
USA).

ReSULtS

A total of 2486 patients were admitted to the ICU in 2017, of whom 1046 (42%) were un-
planned admissions. Of the latter, 125 patients (12%) were diagnosed as cancer patients. 
Patient characteristics are shown in Table 1. The majority of the cancer patients had a 
diagnoses of a solid malignancy (101, 80.2%). The types of malignancies are shown in 
supplementary material Table 1. The main reason for ICU admission was medical (80%), 
where 23% of them were admitted for respiratory insufficiency (Table 1).

The long-term mortality in cancer patients was 72% (Table 2). The median ECOG per-
formance status in survivors with a known performance status was 1 (IQR 0-1, Table 2), 
77% of the survivors with a known ECOG performance status had an ECOG performance 
status of 0 or 1. In 10.4%, the ECOG performance status was unknown.

Cancer patients were significantly older compared to non-cancer patients, while gender 
and SOFA score were similar (Table 3). Except for ICU mortality, mortality was signifi-
cantly higher in cancer patients compared to non-cancer patients at every time point 
analysed (Table 3). Having an active malignancy was independently associated with 
long-term mortality (supplementary material Table 2 and 3). During ICU stay, comfort 
care was more frequently initiated in cancer patients than in non-cancer patients (32.8% 
versus 22.1% respectively, p <0.001).

The binary univariable logistic regression analysis of the study population yielded a p 
<0.2 for the following variables: age, ECOG PS before ICU admission, readmission, SOFA 
score at admission and cancer treatment during ICU admission (Table 4).
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After adjustment for confounders, only an ECOG performance status before ICU admis-
sion of 2 (OR 8.94; 95% CI 1.21-65.89) was associated long-term mortality (Table 5). 

table 1 Patient and ICU characteristics study population

Study population
(n=125)

Patient Characteristics

Age 66 [59-73]

Male 84 (67.2%)

Comorbidity
Patients with comorbidity
CCIa

Age-adjusted CCI

ECOG performance statusb

116 (92.8%)
3 [2-6]
6 [4-8]

1 [1-3]

Type malignancy
Solid malignancy
Hematological malignancy
Both solid and hematological malignancy
Unknown type

101 (80.2%)
21 (16.8%)

1 (0.8%)
2 (1.6%)

Characteristics ICU admission

Admission reason
Emergency surgery
Medical
Both

Medical admission reasons
Respiratory insufficiency
Sepsis
Post cardiopulmonary resuscitation
Neurological (non-traumatic)
Other
Combination

22 (17.6%)
100 (80%)
3 (2.4%)

29 (23.2%)
15 (12%)

5 (4%)
10 (8%)

24 (19.2%)
20 (16%)

Readmissions 32 (25.6%)

SOFAc score 7 [5-10]

Mechanical ventilation 83 (66.4%)

Vasopressors 90 (72%)

Renal Replacement Therapy 27 (21.6%)

Sepsis during ICU admission 54 (43.2%)

Cancer treatment during ICU admission 8 (6.4%)

Length of ICU stay (days) 3 [1-11]

 * Categorical variables: mean (%). Continuous variables: mean (standard deviation) for normally distributed data, skewed 
distribution, median [25th–75th IQR].
a. CCI; Carlson Comorbidity Index (CCI)
b. ECOG PS: ECOG: Eastern Cooperative Oncology Group (ECOG) performance status
c. SOFA; Sequential Organ Failure Assessment score (SOFA score)
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Readmissions (OR 0.16 95% CI 0.04-0.60) and cancer treatment during ICU (OR 0.04 95% 
CI 0.004 -0.53) were associated with 2-year survival.

Factors independently associated hospital mortality were ECOG performance status 
before ICU admission (1: OR 8.60 95% CI 1.97 -37.60; 2: OR 5.63; 95% CI 1.09-29.11; 3: 
OR 14.22; 3.02-66.90 and 4: 20.11 95% CI 1.63-248.8) and SOFA score (OR 1.21; 1.04-1.40) 
(supplementary material Table 4 and 5).

No differences in mortality and ECOG performance status after ICU admission between 
patients with an active malignancy and patients in CR were seen (supplementary mate-
rial Table 6). While long-term mortality was significantly higher in patients in CR than in 
patients without a malignancy, no statistical difference in short-term mortality was seen 
(supplementary material Table 7).

table 2 Outcome study population

Study population
(n=125)

Mortality

ICU 40 (32%)

Hospital 55 (44%)

6 months 75 (60%)

1-year 84 (67.2%)

2-year 90 (72%)

Unknown 0 (0%)

eCOG performance statusa

Post IC 3 [3-4]

Post hospital 2 [2-3]

6 months post ICU 1 [1-2]

1-year post ICU 1 [0-2]

2-year post ICU 1 [0-1]

eCOG performance status 2-years post ICU

0 7 (5.6%%)

1 10 (8%)

2 2 (1.6%)

3 2 (1.6%)

4 1 (0.8%)

5 90 (72%)

Unknown 13 (10.4%)

 * Categorical variables: mean (%). Continuous variables: mean (standard deviation) for normally distributed data, skewed 
distribution, median [25th–75th IQR].
a. ECOG PS: ECOG: Eastern Cooperative Oncology Group (ECOG) performance status
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table 3 Characteristics and outcome of study population compared to population without malignancy

Study population 
(n=125)

Without malignancy 
(n=921)

P-value

Age 66 [59-73] 58 [46-68] <0.001*

Male 84 (67.2%) 577 (62.9%) 0.37

SOFA scorea at ICU admission 7 [5-10] 8 [5-10] 0.79

SOFA scorea at ICU death 12 [8-16] 10 [8-16] 0.70

ICU mortality 40 (32%) 223 (24.2%) 0.06

Hospital mortality 55 (44%) 286 (31.1%) 0.004*

6 months mortality 75 (60%) 341 (37%) <0.001*

1-year mortality 84 (67.2%) 363 (39.4%) <0.001*

2-year mortality
Unknown

90 (72%)
0 (0%)

391 (42.5%)
32 (3.5%)

<0.001*

Start comfort care ICU 41 (32.8%) 204 (22.1%) <0.001*

* Categorical variables: mean (%). Continuous variables: mean (standard deviation) for normally distributed data, skewed 
distribution, median [25th–75th IQR].
* P- value; probability value, a p-value of < 0.05 was considered statistically significant, marked by an Asterisk
a. SOFA; Sequential Organ Failure Assessment score (SOFA score)

table 4 Univariable binary logistic regression analysis study population 2-year mortality

Patient cases Mortality ORa 95% CIb P-valuec

Age - - 1.03 0.99-1.06 0.12

Gender (male) 84 (67.2%) 63 (75%) 1.56 0.69-3.51 0.29

Comorbidity (CCI)d - - 0.90 0.76-1.07 0.23

ECOG PSe before ICU
0 (ref)
1
2
3
4

29 (23.2%)
35 (28%)

23 (18.4%)
25 (20%)
6 (4.8%)

17 (58.6.8%)
25 (71.4%)
19 (82.6%)
19 (76%)
6 (100%)

-
1.77
3.35
2.24

-

-
1.17-6.04

1.55-10.80
1.24-6.71

-

-
0.29
0.07
0.18

-

Solid malignancy (ref)
Hematological malignancy

101 (80.8%)
21 (16.8%)

72 (71.3%)
15 (71.4%) 1.01 0.36-2.85 0.99

Emergency surgery (ref)
Medical reasons

22 (17.6%)
100 (80%)

16 (72.7%)
71 (71%) 0.92 0.33-2.58 0.87

Metastatic malignancy 54 (43.2%) 40 (74.1%) 1.30 0.55-3.08 0.55

Stem cell transplantation 4 (3.2%) 3 (75%) 1.17 0.12-11.67 0.89

Readmissions 32 (25.6%) 19 (59.4%) 0.45 0.19-1.06 0.07

SOFA score f - - 1.13 0.99-1.29 0.06

Sepsis 54 (43.2%) 41 (75.9%) 1.42 0.64-3.16 0.40

Cancer treatment during ICU 8 (6.4%) 4 (50%) 0.36 0.09-1.53 0.17

a OR; Odds ratio
b CI; confidence interval
c P- value; probability value, a p-value of < 0.05 was considered statistically significant, marked by an Asterisk *
d CCI; Carlson Comorbidity Index (CCI)
e ECOG PS: ECOG: Eastern Cooperative Oncology Group (ECOG) performance status
f SOFA; Sequential Organ Failure Assessment score (SOFA score)
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DISCUSSIOn

Clinicians may have doubts about the appropriateness of an ICU admissions in acutely 
ill cancer patients. Reliable literature about long-term mortality and morbidity of cancer 
patients admitted to the ICU unplanned is essential in order to manage outcome expec-
tations of health care providers, patients and relatives. In our study we found that in a 
population of cancer patients acutely admitted to the ICU, a poor functional status, as 
measured by the ECOG performance status, and the severity of illness on admission, as 
measured by the SOFA score, to be independently associated with hospital mortality. 
Only performance status was independently associated with long-term mortality in 
these patients. In addition, our study results suggest that having an active malignancy 
influences long-term mortality as well.

Approximately three-quarter of the cancer patients die within 2 years after ICU admis-
sion. The long-term mortality is significantly higher than the long-term mortality of pa-
tients without active cancer. One explanation for this difference could be the weakened 
condition with a poor ECOG performance status directly after ICU discharge in cancer 
patients. The performance status was still reduced at hospital discharge, probably in-
fluencing long-term mortality. Earlier literature with older data suggested the influence 
of having a malignancy on long-term mortality (25, 26). Despite innovative diagnostics 
and treatments, our study shows that having a malignancy still influences long-term 
mortality.

table 5 Multivariable binary logistic regression analysis study population 2-year mortality

ORa 95% CIb P-valuec

Age 1.03 0.98-1.09 0.27

Gender (male) 1.28 0.39-4.21 0.68

CCId 0.83 0.62-1.10 0.19

ECOG PSe 0 (ref)
1
2
3

2.23
8.94
3.19

0.53-9.36
1.21-65.89
0.81-19.01

0.28
0.03*
0.09

Readmissions 0.16 0.04-0.60 0.006*

SOFAf score 1.11 0.95-1.31 0.20

Sepsis 1.65 0.51-5.26 0.40

Cancer treatment during ICU 0.04 0.004-0.53 0.01*

a OR; Odds ratio
b CI; confidence interval
c P- value; probability value, a p-value of < 0.05 was considered statistically significant, marked by an Asterisk *
d CCI; Carlson Comorbidity Index (CCI)
e ECOG PS: ECOG: Eastern Cooperative Oncology Group (ECOG) performance status
f SOFA; Sequential Organ Failure Assessment score (SOFA score)
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The finding that performance status (measured by the ECOG performance status) was in-
dependently associated with short-term mortality and long-term mortality (27-31) is in 
line with other literature. Similar to our study, severity of illness (measured by the SOFA 
score) has been described in literature as predictor for short-term mortality in patients 
with a malignancy (26, 32, 33). However, literature suggested an association between 
long-term mortality and SOFA score as well (28, 29, 34). Most of these studies have a 
maximal follow up of 1 year after ICU admission. Our study shows that SOFA score is 
important for short-term mortality, but loses its predicting value for long-term mortality 
in ICU patients with cancer. To a lesser degree, age was associated with mortality in our 
study. After an ICU admission, aging is associated with an increased risk of mortality in 
the 3 years after hospital discharge in other literature as well (35).

The decision to deny a cancer patient ICU admission should be based on the perfor-
mance status before admission and the severity of illness at time of ICU admission . 
In addition, ICU admission should also depend on the prognostic expectations of the 
malignancy. Not only ICU physicians, but also hematologists and oncologists should dis-
cuss this with patients and relatives before an ICU admission. However, prognostication 
at individual patient level by clinicians remains difficult (1, 36). It is especially difficult 
in cancer patients, due to the many factors related to the underlying malignancy (e.g. 
stage, type, hormone receptor status), and the estimation whether the patient will be 
able to receive future anti-cancer treatment after ICU admission (1, 36). Moreover, poor 
communication regarding outcome and expectations towards other health care provid-
ers or the patient and relatives has been described, either due to insufficient knowledge 
concerning prognostication or communication, or due to difficulty with sharing a poor 
prognosis (36-38). To improve prognostication and communication, good collaboration 
with open communication in multidisciplinary meetings and joint education regarding 
expectations and outcomes is essential (36).

 The hospital mortality in our study population was similar to other European literature 
(2, 4, 5, 39-42). In contrast, the long-term mortality in our study was higher than in other 
studies (25-27, 31, 32, 36, 43). An explanation may be the difference in case-mix. We in-
cluded only unplanned ICU admissions, while most other studies included patients with 
planned ICU admissions as well. In addition, our study population had often a higher 
SOFA score and received more often organ support.

We found that during ICU admission, comfort care was more often started in cancer 
patients than in patients without cancer. In our study, comfort care was more frequently 
initiated than in the study population of a specialised Portuguese Cancer institute (13%) 
(42). Besides differences in case-mix, end-of-life (EoL) decisions could be influenced by 
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many factors, such as religious beliefs, cultural backgrounds, and the ethical climate on 
the ICU (44). Therefore, the presence of malignancy could also influence EoL decisions 
by clinicians. By starting comfort care, we might spare patients, who will die regardless 
of ICU treatment, from invasive treatments, such as the insertion of multiple intravenous 
catheters or prolonged mechanical ventilation. Another explanation exists. Literature 
shows that prognostication for an individual patient remains difficult (36), and suggests 
the existence of self-fulfilling prophecy (SFP) in medical decision making, especially in 
EoL decisions (45). As starting comfort care (the withdrawal of life-sustaining ICU treat-
ment combined with the initiation of palliative medications when indicated) inevitable 
leads to death, we might deprive cancer patients the possibility of prolonged survival if 
we misjudge the prognosis of an individual patient. To prevent such a misjudgement, 
EoL decisions should be made in a multidisciplinary meeting.

We did not find a statistically significant difference in either short- or long-term mortality 
between patients with an active malignancy and patients in CR. However, a clinically 
relevant difference in 1-year mortality (67.2% vs 58.2%) and 2-year mortality (72% vs 
59.5%) was seen between these groups. This finding suggests that for short-term mor-
tality, other factors such as comorbidity and severity of illness should be considered as 
important factor for outcome, while the status of the malignancy plays an increasingly 
important role in long-term mortality. Patients in CR showed higher long-term mortality 
rates when compared to the patients without cancer. This finding may suggest an influ-
ence of having a malignancy in CR, and therefore previous cancer treatment, on long-
term mortality. To our knowledge, the mortality of patients with an active malignancy 
compared to those in CR and the general population has not been directly described in 
the current literature.

Despite the high mortality, we think it is important to note that in our study population, 
the majority of the survivors had a good performance status 2 years after ICU admission. 
Seventy-seven percent of the patients with a known ECOG performance status scored 
0 or 1. Our findings are consistent with Zafra and co-workers; in their study 79% of the 
survivors at 1 year after ICU admission showed an ECOG performance status of 0-2 (46).

LIMItAtIOnS

First, the generalizability of our findings is limited due to the relatively small sample size 
of our study and the heterogeneity of the study population. Given the small sample size, 
dividing our study population into smaller groups would compromise the quality of the 
statistical analyses, and thus, the quality of research. Future studies with a large sample 
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size should examine outcome of patients per cancer type. Literature shows clearly late 
negative effects of cancer therapies, even decades after completion of the cancer treat-
ment (13-17). We therefore did not exclude patients with a malignancy in their distant 
past, which caused a wide variation of duration of the CR.

Third, selection bias might have influenced our outcome, as our ICU physicians already 
made an admission decision before ICU admission. Nevertheless, our study population 
accounted for 12% of the unplanned ICU admissions, which is comparable to other stud-
ies.

Fourth, although performance status is not equal to quality of life, the scarcity of studies 
with long outcome data make our data important.

Fifth, this is a single center study, that limits external validity of the data, even though 
our institute is the largest university hospital in the Netherlands, covering oncologic 
care for about 3 million people.

Last, given this was a retrospective study, all limitations of these kind of studies apply.

COnCLUSIOn

In our study, the majority of the survivors have a good performance status 2 years after 
ICU admission. However, at that point, three-quarter of these cancer patients had died, 
and mortality in cancer patients was significantly higher than in patients without cancer. 
ICU admission decisions in acutely ill cancer patients should be based on performance 
status, severity of illness and long-term prognosis, and should be communicated in the 
shared decision making. An ICU admission decision should not solely be based on the 
presence of a malignancy.

AbbReVIAtIOnS

Intensive Care Unit (ICU)

Complete remission (CR)

Interquartile range (IQR)
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Sequential Organ Failure Assessment Score (SOFA score)

Eastern Cooperative Oncology Group Performance Status (ECOG performance status or 
ECOG PS)

Charlson Comorbidity Index (CCI)
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SUPPLeMentARy MAteRIAL

S1. Supplementary material table 1: numbers and percentage Malignancy types

type malignancy Active malignancy
(n=125)

CRa < 5 year

(n=41)

CRa > 5 year

(n = 33)

Solid malignancy
Colorectal carcinoma
Esophageal carcinoma
Lung carcinoma
Bladder carcinoma
Prostate carcinoma
Breast carcinoma
Cholangiocarcinoma
Larynx carcinoma
Gastric carcinoma
Malignancy of central nervous system
Melanoma
Neuroendocrine tumor
Hepatocellular carcinoma
Pancreatic carcinoma
Mesothelioma
Sarcoma
Other
Unknown

17 (13.6%)
14 (11.2%)
12 (9.6%)
4 (3.2%)
5 (4.0%)
0 (0%)

10 (8.0%)
1 (0.8%)
3 (2.4%)
4 (3.2%)
3 (2.4%)
4 (3.2%)
3 (2.4%)
0 (0%)

3 (2.4%)
1 (0.8%)

20 (16.0%)
2 (1.6%)

3 (7.3%)
7 (17.1%)
3 (7.3%)
2 (4.9%)
3 (7.3%)
4 (9.8%)
0 (0%)

1 (2.4%)
2 (4.9%)
0 (0%)
0 (0%)
0 (0%)

1 (2.4%)
4 (9.8%)
0 (0%)
0 (0%)

6 (14.6%)
0 (0%)

2 (6.1%)
1 (3.0%)
1 (3.0%)

7 (21.2%)
4 (12.1%)
5 (15.2%)

0 (0%)
3 (9.1%)
0 (0%)
0 (0%)

1 (3.0%)
0 (0%)
0 (0%)
0 (0%)
0 (0%)

1 (3.0%)
9 (27.3%)

0 (0%)

Hematological malignancy
Acute myeloid leukemia
Non-Hodgkin Lymphoma
Hodgkin Lymphoma
Acute lymphocytic leukemia
Other

6 (4.8%)
2 (1.6%)
0 (0%)

3 (2.4%)
11 (8.8%)

1 (2.4%)
2 (4.9%)
3 (7.3%)
2 (4.9%)
3 (7.3%)

0 (0%)
0 (0%)

2 (6.1%)
2 (6.1%)
1 (3.0%)

a. CR: complete remission
b. Note; some patients have more than 1 malignancy

S2. Supplementary material table 2: Univariable binary logistic regression analysis total ICU population: 2-year 
mortality

Patient cases Mortality OR a 95% CI b P-value c

Age - - 1.04 1.03-1.05 < 0.001*

Gender (male) 630 (60.2%) 307 (48.7%) 1.15 0.90-1.48 0.29

SOFA score d - - 1.12 1.07-1.18 < 0.001*

No malignancy (ref)
Active malignancy
Complete remission < 5yr
Complete remission > 5yr

793 (75.8%)
125 (12%)
41 (3.9%)
33 (3.2%)

332 (41.9%)
90 (72%)

27 (65.9%)
19 (57.6%)

3.57
2.68
1.88

2.36-5.41
1.38-5.19
0.93-3.81

<0.001*
0.003*

0.08

a OR; Odds ratio
b CI; confidence interval
c P- value; probability value, a p-value of < 0.05 was considered statistically significant, marked by an Asterisk *
d SOFA; Sequential Organ Failure Assessment score (SOFA score)
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S3. Supplementary material table 3: Multivariable binary logistic regression analysis total ICU population: 2-year 
mortality

OR a 95% CI b P-value c

Age 1.04 1.02-1.05 <0.001*

SOFA score d 1.15 1.09-1.22 <0.001*

No malignancy (ref)
Active malignancy
Complete remission < 5yr
Complete remission > 5yr

3.75
3.75
2.11

2.21-6.34
1.62-8.65
0.92-4.84

<0.001*
0.002*

0.08

a OR; Odds ratio
b CI; confidence interval
c P- value; probability value, a p-value of < 0.05 was considered statistically significant, marked by an Asterisk *
d SOFA; Sequential Organ Failure Assessment score (SOFA score)

S4. Supplementary material table 4: Univariable binary logistic regression analysis study population: hospital mor-
tality

Patient cases Mortality OR a 95% CI b P-value c

Age - - 1.03 0.99-1.06 0.11

Gender (male) 84 (67.2%) 41 (48.8%) 2.05 0.94-4.50 0.07

Comorbidity (CCI) d - - 0.81 0.69-0.96 0.01*

ECOG e PS before ICU
0 (ref)
1
2
3
4

29 (23.2%)
35 (28%)

23 (18.4%)
25 (20%)
6 (4.8%)

7 (24.1%)
14 (40%)
8 (34.8%)
17 (68%)
5 (83.3%)

-
2.10
1.68
6.68
15.7

-
0.71-6.21
0.50-5.61

2.02-22.08
1.56-158.2

-
0.18
0.40

0.002*
0.02*

Solid malignancy (ref)
Hematological malignancy

101 (80.8%)
21 (16.8%)

40 (39.6%)
13 (61.9%) 2.48 0.94-6.52 0.07

Emergency surgery (ref)
Medical reasons

22 (17.6%)
100 (80%)

7 (31.8%)
46 (46%) 1.83 0.69-4.86 0.23

Metastatic malignancy 54 (43.2%) 23 (42.6%) 1.35 0.61-3.01 0.46

Stem cell transplantation 4 (3.2%) 2 (50%) 1.33 0.18-9.73 0.78

Readmissions 32 (25.6%) 13 (40.6%) 0.87 0.38-1.96 0.73

SOFA score f - - 1.13 1.01-1.26 0.03*

Sepsis 54 (43.2%) 28 (51.9%) 1.86 0.91-3.83 0.09

Cancer treatment during ICU 8 (6.4%) 2 (25%) 0.42 0.08-2.15 0.30

a OR; Odds ratio
b CI; confidence interval
c P- value; probability value, a p-value of < 0.05 was considered statistically significant, marked by an Asterisk *
d CCI; Carlson Comorbidity Index (CCI)
e ECOG PS: ECOG: Eastern Cooperative Oncology Group (ECOG) performance status
f SOFA; Sequential Organ Failure Assessment score (SOFA score)
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S5. Supplementary material table 5: Multivariable binary logistic regression analysis study population: hospital 
mortality

OR a 95% CI b P-value c

Age 1.05 0.99-1.10 0.06

Gender (male) 0.48 0.17-1.36 0.17

CCI d 0.67 0.52-0.87 0.003*

ECOG e PS 0 (ref)
1
2
3
4

8.60
5.63

14.22
20.11

1.97-37.60
1.09-29.11
3.02-66.90

1.63-248.82

0.004*
0.04*

0.001*
0.02*

Hematological malignancy 1.23 0.52-2.91 0.64

SOFA score f 1.21 1.04-1.40 0.01*

Sepsis 1.05 0.36-3.04 0.93

a OR; Odds ratio
b CI; confidence interval
c P- value; probability value, a p-value of < 0.05 was considered statistically significant, marked by an Asterisk *
d CCI; Carlson Comorbidity Index (CCI)
e ECOG PS: ECOG performance status: Eastern Cooperative Oncology Group (ECOG) performance status before ICU
f SOFA; Sequential Organ Failure Assessment score (SOFA score)

S6. Supplementary material table 6: Outcome patients with an active malignancy compared to outcome patients 
in complete remission

Active malignancy
(n=125)

Complete remission
(n=79)

p-value

Mortality

ICU 40 (32%) 21 (26.6%) 0.41

Hospital 55 (44%) 34 (43%) 0.89

6 months 75 (60%) 42 (53.2%) 0.34

1-year 84 (67.2%) 46 (58.2%) 0.19

2-year 90 (72%) 47 (59.5%) 0.06

eCOG performance status

Post IC 3 [3-4] 3 [3-4] 0.69

Post hospital 2 [2-3] 2 [2-3] 0.29

6 months 1 [1-2] 2 [1-2] 0.18

1-year 1 [0-2] 1 [1-2] 0.11

2-years 1 [0-1] 1 [1-2] 0.47

*5 patients had CR < 5 year and CR > 5 year
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S7. Supplementary material table 7: Outcome patients in complete remission compared to outcome patients with-
out a malignancy

Complete remission
(n=79)

Without malignancy
(n = 825)

p-valuea

Mortality

ICU 22 (27.8%) 196 (23.8%) 0.42

Hospital 35 (44.3%) 244 (29.6%) 0.07

6 months 43 (54.4%) 288 (34.9%) 0.001*

1-year 47 (59.5%) 305 (37%) < 0.001*

2-year 48 (60.8%) 332 (40.2%) 0.001*

a P- value; probability value, a p-value of < 0.05 was considered statistically significant, marked by an Asterisk *

S8. Supplementary material table 8: Univariable binary logistic regression analysis study population: 1-year mor-
tality

Patient cases Mortality OR a 95% CI b P-value c

Age - - 1.03 0.99-1.06 0.10

Gender (male) 84 (67.2%) 60 (71.4%) 1.77 0.81-3.87 0.15

Comorbidity (CCI) d - - 0.91 0.77-1.07 0.25

ECOG e PS before ICU
0 (ref)
1
2
3
4

29 (23.2%)
35 (28%)

23 (18.4%)
25 (20%)
6 (4.8%)

16 (55.2%)
24 (68.6%)
16 (69.6%)
19 (76%)
6  (100%)

-
1.77
1.86
2.57

-

-
0.64-4.93
0.59-5.87
0.80-8.32

-

-
0.27
0.29
0.12

-

Solid malignancy (ref)
Hematological malignancy

101 (80.8%)
21 (16.8%)

66 (65.3%)
15 (71.4%) 1.33 0.47-3.72 0.59

Emergency surgery (ref)
Medical reasons

22 (17.6%)
100 (80%)

14 (63.6%)
67 (67%) 1.16 0.44-3.04 0.76

Metastatic malignancy 54 (43.2%) 39 (72.2%) 1.86 0.81-4.25 0.14

Stem cell transplantation 4 (3.2%) 3 (75%) 1.48 0.15-14.70 0.73

Readmissions 32 (25.6%) 18 (56.3%) 0.53 0.23-1.21 0.13

SOFA score f - - 1.13 0.99-1.28 0.07

Sepsis 54 (43.2%) 40 (74.1%) 1.75 0.81-3.80 0.15

Cancer treatment during ICU 8 (6.4%) 4 (50%) 0.46 0.11-1.95 0.29

a OR; Odds ratio
b CI; confidence interval
c P- value; probability value, a p-value of < 0.05 was considered statistically significant, marked by an Asterisk *
d CCI; Carlson Comorbidity Index (CCI)
e ECOG PS: ECOG: Eastern Cooperative Oncology Group (ECOG) performance status
f SOFA; Sequential Organ Failure Assessment score (SOFA score)
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S9. Supplementary material table 9: Multivariable binary logistic regression analysis study population: 1-year mor-
tality

OR a 95% CI b P-value c

Age 1.04 0.99-1.10 0.11

Gender (male) 0.87 0.31-2.48 0.80

CCI d 0.83 0.64-1.07 0.15

ECOG e PS 0 (ref)
1
2
3

2.52
4.83
4.95

0.68-9.36
0.94-24.78
1.11-22.10

0.17
0.06
0.04*

Readmissions 0.24 0.07-0.81 0.02*

SOFA score f 1.14 0.98-1.32 0.10

Sepsis 1.30 0.44-3.81 0.63

a OR; Odds ratio
b CI; confidence interval
c P- value; probability value, a p-value of < 0.05 was considered statistically significant, marked by an Asterisk *
d CCI; Carlson Comorbidity Index (CCI)
e ECOG PS: ECOG performance status: Eastern Cooperative Oncology Group (ECOG) performance status before ICU
f SOFA; Sequential Organ Failure Assessment score (SOFA score)
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S10. Supplementary material table 10: Outcome of patients with an active solid malignancy versus patients with an 
active hematological malignancy

Active Solid
(n=101)

Active hematological
(n=21)

p-valuea

Patient and ICU characteristics

Age 67 [60-73] 61 [50-67] 0.05

Male 67 (66.3%) 15 (71.4%) 0.65

CCIb 3 [2-6] 3 [2-5] 0.14

ECOG PSc before ICU 2 [1-3] 1 [0-3] 0.32

SOFA score d 7 [5-10] 9 [7-13] 0.003*

Mortality

ICU 29 (28.7%) 10 (47.6%) 0.09

Hospital 41 (40.6%) 13 (61.9%) 0.07

6 months 58 (57.4%) 15 (71.4%) 0.23

1-year 66 (65.3%) 15 (71.4%) 0.59

2-year 72 (71.3%) 15 (71.4%) 0.99

eCOG performance statusc

Post IC 3 [3-4] 3[3-4] 0.98

Post hospital 2 [2-3] 3 [2-3] 0.72

6 months 1 [1-2] 1 [1-2] 0.60

1-year 1 [1-2] 1 [1-1] 0.48

2-years 1 [1-2] 1 [0-1] 0.57

3 patients had both solid as hematological cancer
a P- value; probability value, a p-value of < 0.05 was considered statistically significant, marked by an Asterisk *
b CCI; Carlson Comorbidity Index (CCI)
c ECOG PS: ECOG: Eastern Cooperative Oncology Group (ECOG) performance status
d SOFA; Sequential Organ Failure Assessment score (SOFA score)





5
Outcome of Cancer Patients Considered 
for Intensive Care Unit Admission in two 

university hospitals in the netherlands: the 
danger of delayed ICU admissions and off-

hour triage decisions.
Esther N. van der Zee1$*, Dominique D. Benoit2$, M. Hazenbroek1, Jan Bakker1,3,4,5,
Erwin J.O. Kompanje1, N. Kusadasi6,$$, & Jelle L. Epker1$$

$  Shared first authorship
$$  Shared last authorship

1.  Department of Intensive Care, Erasmus University Medical Center, Rotterdam, the Netherlands.
2.  Department of Intensive Care, Ghent University Hospital, Ghent, Belgium
3.  Department of Pulmonology and Critical Care, New York University, New York, USA
4.  Department of Pulmonology and Critical Care, Columbia University Medical Center, New York, USA
5.  Department of Intensive Care, Pontificia Universidad Católica de Chile, Santiago Chile
6.  Department of Intensive Care, University Medical Center Utrecht, Utrecht, the Netherlands

Acknowledgements: None.



82

AbStRACt

background
Very few studies assessed the association between Intensive Care Unit (ICU) triage decisions 
and mortality. The aim of this study was to assess whether an association could be found 
between 30-day mortality, and ICU admission consultation conditions and triage decisions.

Methods
We conducted a retrospective cohort study in two large referral university hospitals in 
the Netherlands. We identified all adult cancer patients for whom ICU admission was re-
quested from 2016 to 2019. Via a multivariable logistic regression analysis, we assessed 
the association between 30-day mortality, and ICU admission consultation conditions 
and triage decisions.

Results
Of the 780 cancer patients for whom ICU admission was requested, 332 patients (42.6%) 
were considered ‘too well to benefit’ from ICU admission, 382 (49%) patients were 
immediately admitted to the ICU and 66 patients (8.4%) were considered ‘too sick to 
benefit’ according to the consulting intensivist(s). The 30-day mortality in these sub-
groups was 30.1%, 36.9% and 81.8%, respectively. In the patient group considered ‘too 
well to benefit’, 258 patients were never admitted to the ICU and 74 patients (9.5% of 
the overall study population, 22.3% of the patients ‘too well to benefit’) were admitted 
to the ICU after a second ICU admission request (delayed ICU admission). Thirty-day 
mortality in these groups was 25.6% and 45.9%. After adjustment for confounders, ICU 
consultations during off-hours (OR 1.61, 95% CI 1.09-2.38, p-value 0.02) and delayed ICU 
admission (OR 1.83, 95% CI 1.00-3.33, p-value 0.048 compared to “ICU admission”) were 
independently associated with 30-day mortality.

Conclusion
The ICU denial rate in our study was high (51%). Sixty-percent of the ICU triage deci-
sions in cancer patients were made during off-hours, and 22.3% of the patients initially 
considered “too well to benefit” from ICU admission were subsequently admitted to the 
ICU. Both decisions during off-hours and a delayed ICU admission were associated with 
an increased risk of death at 30 days. Our study suggests that in cancer patients, ICU 
triage decisions should be discussed during on-hours, and ICU admission policy should 
be broadened, with a lower admission threshold for borderline ICU patients.

KeyWORDS: Intensive Care Unit, critical care, triage, admission decisions, malignancy, 
cancer, mortality.
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IntRODUCtIOn

Overall mortality of cancer patients has decreased over the past decades, due to im-
provement in early detection and innovative cancer treatments (1, 2). At the same time, 
the probability of life-threatening events requiring Intensive Care Unit (ICU) treatment 
related to these novel therapies has increased (3). Therefore, intensivists are increas-
ingly confronted with cancer patients for whom ICU admission is requested (4, 5).

Several studies assessed the influence of early versus late ICU admission on outcome 
in cancer patients (6-12). However, the majority of these studies focussed on specific 
subgroups of critically ill cancer patients (e.g. acute respiratory failure or leukemia) (6-
9). To the best of our knowledge, only Thiery et al. compared outcome between cancer 
patients immediately admitted to the ICU and cancer patients who initially remained 
in the ward, but were subsequently admitted to the ICU during the same hospitaliza-
tion (10). Thus, the effect of triage decisions on outcome in acutely ill cancer patients 
remains mostly unknown.

In addition, the association between ICU admission consultation conditions, such as 
ICU consultation during on-hours versus off-hours or the number of physicians involved, 
and the outcome of patients was not evaluated in these studies. Although it is a common 
belief that patients admitted to the ICU during off-hours have a higher risk of death (13), 
this remains a controversial issue (13, 14).

The aim of our study was to evaluate whether ICU admission consultation conditions 
and ICU triage decisions were associated with 30-day mortality after adjusting for base-
line confounders. Furthermore, to explore whether associations found in this analysis 
persisted over time (at 90 days, 180 days and 1 year).

MetHODS

Participating hospitals
We conducted a retrospective cohort study in two large referral university hospitals in 
the Netherlands (Erasmus Medical Center, Rotterdam and University Medical Center 
Utrecht, Utrecht). Both hospitals had a mixed, closed ICU with 56 and 36 beds, respec-
tively. In one of the hospitals, a medium care was present, which could be a suitable 
alternative for ICU care, for example for administering vasopressors. The Netherlands 
has a healthcare insurance program covering all residents without admission restric-
tions or restrictions in indicated treatments.
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In general, ICU admission was considered when ICU treatment was requested by the 
referring specialist, either by a junior or senior physician. No ICU triage protocol with 
predefined ICU admission criteria existed in both hospitals during the study period. The 
national guideline for ICU triage of critically ill patients in general is outdated (2005) and 
currently under revision (15). During our study period, ‘at risk’ patients on the ward were 
not routinely discussed by oncologists or hematologists and ICU physicians. Referring 
physicians used the Modified Early Warning Score (MEWS) and clinical assessment for 
ICU referral decisions. During on-hours, the patient was evaluated by an intensivist, 
whom subsequently decided whether to admit or reject admission. During off-hours, the 
patient was evaluated by a fellow (intensivist in training), who subsequently consulted 
the senior ICU attending. The final decision was made together (fellow and attending). 
In both hospitals, treatment recommendations for patients denied ICU admission were 
provided by the intensivist or fellow.

In general, decisions to admit were based on severity of illness and patient-related fac-
tors such as age, cancer status, comorbidities and performance status. ICU physicians 
used these factors to estimate whether an ICU admission would be inappropriate, either 
because the patient is very likely to recover without intensive care treatment (patients 
‘too well to benefit’) or because an ICU admission is very unlikely to prevent death 
(patients ‘too sick to benefit’).

ethics
The institutional review board of the Erasmus Medical Center approved the study. Local 
approval was obtained for the University Medical Center Utrecht. No additional patient 
consent was required due to the retrospective nature of the study.

Patient data
Using our Electronic Health Records (EHR), we identified all adult cancer patients for 
whom ICU treatment was requested from 2016 to 2019. Patients with a planned ICU ad-
mission, an emergency surgery or intervention, after cardiopulmonary resuscitation or 
transferred from another ICU were excluded, as these patients are generally admitted to 
the ICU without previous discussions between referring physicians and ICU physicians.

Reasons for ICU admission consultation noted in the EHR by the referring specialism 
were collected (i.e. shock, respiratory insufficiency, altered consciousness, sepsis, acute 
kidney injury (AKI), high MEWS, hemodynamic instability or other).

Patients who were transferred to another ICU due to bed unavailability were included 
in the ICU admission group. Patients who were initially denied admission, but admitted 
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after a second request during the same hospitalization were defined as ‘delayed ICU 
admission’. We collected reasons for ICU denial and acceptance, together with context 
parameters: 1) time (on-hours or off-hours), 2) place (emergency room, ward or other, 
such as post anaesthesia care unit), and 3) number of physicians involved in the deci-
sion.

baseline characteristics
Clinically relevant baseline characteristic such as age, comorbidities and underlying 
malignancy were collected. A metastatic solid tumor was defined as the presence of 
cancer cells present in distant organs, determined from the medical charts. We defined 
controlled cancer as ‘cancer in remission or stable’, while we considered recently diag-
nosed malignancies and progressive malignancies as “uncontrolled cancer”. We used 
the Eastern Cooperative Oncology Group Performance Status (ECOG PS) to evaluate 
performance status 1 month to 14 days before hospital admission and the Charlson 
Comorbidity Index (CCI) for comorbidities (16). To evaluate severity of critical illness 
before the ICU consultation, the MEWS was used, as this score is used in both hospitals 
by physicians and nurses (17, 18). Cancer patients were not automatically considered 
as ‘immunocompromised’. Patients were only considered immunocompromised when 
they met one of the five National Intensive Care Evaluation criteria: 1) long-term im-
munosuppressive therapy 2) corticosteroid use (either short-term high dose or long-
term low dose) 3) chemotherapy or radiotherapy in the past year 4) chemotherapy or 
radiotherapy for Hodgkin or non-Hodgkin lymphoma at any time before ICU admission 
5) documented humoral or cellular deficiencies.

Primary and secondary endpoints
The primary objective of this study was to evaluate the association between 30-day 
mortality, and ICU admission consultation conditions and triage decisions in critically 
ill cancer patients.

The secondary objectives were the association between 90-day, 180-day and 1 year 
mortality, and ICU admission consultation conditions and triage decisions.

Statistical analysis
We categorized the patient population into four groups according to the triage decision: 
1) patients considered too well to benefit from ICU treatment, never admitted to the ICU 
2) patients with a delayed ICU admission (initially considered too well to benefit, how-
ever, admitted to the ICU after a second ICU request) 3) patients immediately admitted 
to the ICU and 4) patients considered too sick to benefit from ICU treatment. Descriptive 
statistics were used to describe patient characteristics. We reported categorical vari-
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ables as numbers with percentage, and continuous variables as median with 25th–75th 
interquartile range (IQR). To assess differences between the groups, we used Pearson’s 
Chi-square tests for categorical variables and the Kruskal-Wallis test for continuous 
variables. A statistical test with a two tailed p value ≤ 0.05 was considered as significant.

We assessed the association between ICU admission consultation conditions and tri-
age decisions, and the 30-day mortality via logistic regression analysis. We performed 
a univariable logistic regression analysis, in which we included patient characteristics 
(e.g. age, gender, cancer type, performance status etc.), ICU triage decision (i.e. the four 
groups as described above) and ICU admission consultation characteristics. All variables 
with a p value of < 0.2 in this regression analysis were included in the multivariable 
model. We tested for an interaction between ICU triage decisions and on-hours consul-
tation, between ICU triage decisions and cancer type, and between metastatic disease 
and cancer type, all three interaction terms were statistically not significant (p-value 
0.21, 0.44 and 0.57, respectively).

Finally, we assessed the association between 90-day, 180-day and 1 year mortality, and 
ICU admission consultation conditions and ICU triage decisions in a similar way. In a 
post-hoc analysis, we assessed the severity of illness, time of ICU consultation (on-hours 
vs. off-hours) and consult reasons of the second ICU triage decision in patients with de-
layed ICU admission. Data were analysed using IBM®SPSS® Statistics 24.0 (IBM, Chicago, 
IL, USA).

ReSULtS

We included 780 cancer patients with an ICU admission request. Of these patients, 332 
(42.6%) were considered ‘too well to benefit from ICU’, 382 (49%) were admitted to the 
ICU and 66 (8.4%) were considered ‘too sick to benefit from ICU’ (figure 1). For 139 pa-
tients (41.9%) of the ‘too well to benefit’ group, ICU admission was requested a second 
time during the same hospitalization. Of the 332 patients initially considered ‘too well 
to benefit’, 258 patients (77.7%) were never admitted to the ICU, 74 patients (22.3%) 
were admitted to the ICU after the second request (delayed ICU admission, figure 1). The 
median time between first and second admission request was 1 day [0-2.5].
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Figure 1; Flowchart study: number patients, ICU triage decisions and outcomes
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Patient characteristics, severity of illness scores and admission consultation char-
acteristics of the total study population and the 4 groups are shown in table 1. The 
different types of cancer are reported in table ES1. The ‘too sick to benefit’ group had 
more patients with solid malignancy, metastatic disease and uncontrolled cancer when 
compared to the other groups. In addition, the CCI and ECOG performance status were 
higher in patients ‘too sick to benefit’ than in the other groups. The MEWS was the low-
est in patients ‘too well to benefit’, and comparable in the other 3 groups.

Patients ‘too sick to benefit’ were more often seen in the emergency room, and more 
physicians, both referring and ICU physicians, were involved in the decision making. 
Reasons for ICU admission consultation differed between groups (table 1).

In table ES2, data of patients (e.g. APACHE IV score and length of ICU stay) are shown.

table 1; baseline characteristics by ICU triage decision

total study 
population
n = 780

too well to 
benefit – 
no ICU
n = 258

too well 
to benefit- 
Delayed 
ICU
n = 74

ICU
n = 382

too sick 
to benefit
n = 66

p-value

Age 64 [56-70] 63 [54-69] 66 [59-70] 65 [58-72] 63 [56-70] 0.04*

Male 499 (64%) 166 (64.3%) 44 (59.5%) 248 (64.9%) 41 (62.1%) 0.82

Solid malignancy
Hematological malignancy
Both

503 (64.7%)
274 (35.3%)
3 (0.4%)

163 (63.2%)
94 (36.4%)
1 (0.4%)

41 (55.4%)
33 (44.6%)

244 (63.9%)
136 (35.6%)
2 ( 0.5%)

55 (83.3%)
11 (16.7%)

0.005*

Metastatic solid malignancy 245 (31.4%) 75 (29.1%) 20 (27%) 108 (28.3%) 42 (63.6%) < 0.001*

Cancer recurrence 71 (9.1%) 33 (12.8%) 5 (6.8%) 27 (7.1%) 6 (9.1%) 0.09

Uncontrolled cancer 408 (52.4%) 145 (56.2%) 33 (44.6%) 173 (45.4%) 57 (86.4%) < 0.001*

CCIa 4 [2-6] 4 [2-6] 3 [2-6] 4 [2-6] 6 [4-7] < 0.001*

ECOG PS before hospitalb

0
1
2
3
4
Unknown

1 [1-2]
181 (23.2%)
298 (38.2%)
191 (24.5%)
90 (11.5%)
15 (1.9%)
5 (0.6%)

1 [1-2]
54 (20.9%)
93 (36%)
74 (28.7%)
31 (12%)
5 (1.9%)
1 (0.4%)

1 [1-1]
17 (23%)
39 (52.7%)
15 (20.3%)
3 (4.1%)
0 (0%)
0 (0%)

1 [0-2]
108 (28.3%)
148 (38.7%)
81 (21.2%)
36 (9.4%)
6 (1.6%)
3 (0.8%)

2 [1-3]
2 (3%)
18 (27.3%)
21 (31.8%)
20 (30.3%)
4 (6.1%)
1 (1.5%)

< 0.001*

MEWSc

Unknown
5 [3-6]
80 (10.3%)

4 [2-6]
14.(5.4%)

5 [4-7]
4 (5.4%)

5 [4-7]
54 (14.1%)

5 [3-6]
8 (12.1%)

< 0.001*

Cancer treatment before ICU
Unknown

684 (88%)
3 (0.4%)

223 (86.8%) 65 (87.8%) 343 (90.3%) 53 (80.3%) 0.12

Immunocompromised 560 (71.8%) 199 (77.1%) 49 (66.2%) 265 (69.4%) 47 (71.2%) 0.13
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Mortality rates of the 4 groups are shown in figure 1. The crude 30-day mortality of 
patients ‘too well to benefit’ was 30.1%, in patients admitted to the ICU 36.9%, and in 
patients ‘too sick to benefit’ 81.8% (figure 1). The 30-day mortality was 25.6% in patients 
‘too well to benefit, never admitted to the ICU’, and 45.9% in patients with a delayed ICU 
admission.

table 1; baseline characteristics by ICU triage decision (continued)

total study 
population
n = 780

too well to 
benefit – 
no ICU
n = 258

too well 
to benefit- 
Delayed 
ICU
n = 74

ICU
n = 382

too sick 
to benefit
n = 66

p-value

Year ICU consult
2016
2017
2018
2019

214 (27.4%)
204 (26.2%)
222 (28.5%)
140 (17.9%)

67 (26%)
62 (24%)
78 (30.2%)
51 (19.8%)

22 (29.7%)
18 (24.3%)
18 (24.3%)
16 (21.6%)

114 (29.8%)
108 (28.3%)
99 (25.9%)
61 (16%)

11 (16.7%)
16 (24.2%)
27 (40.9%)
12 (18.2%)

0.20

Earlier ICU admission before consult 77 (9.9%) 24 (9.3%) 8 (10.8%) 45 (11.8%) 0 (0%) 0.03*

One ICU physician
Two ICU physicians
More than two ICU physicians

318 (40.8%)
385 (49.4%)
77 (9.9%)

109 (42.2%)
130 (50.4%)
19 (7.4%)

35 (47.3%)
37 (50%)
2 (2.7%)

158 (41.4%)
176 (46.1%)
48 (12.6%)

16 (24.2%)
42 (63.6%)
8 (12.1%)

0.007*

One referring physicians
Two referring physicians
More than two referring physicians

164 (21.2%)
496 (64.2%)
113 (14.6%)

59 (23%)
175 (68.1%)
23 (8.9%)

19 (26%)
41 (56.2%)
13 (17.8%)

80 (21.2%)
240 (63.7%)
57 (15.1%)

6 (9.1%)
40 (60.6%)
20 (30.3%)

<0.001*

Location consult
Emergency room
Ward
Other

137 (17.6%)
483 (61.9%)
160 (20.5%)

30 (11.6%)
197 (76.4%)
31 (12%)

4 (5.4%)
55 (74.3%)
15 (20.3%)

81 (21.2%)
190 (49.7%)
111 (29.1%)

22 (33.3%)
41 (62.1%)
3 (4.5%)

<0.001*

On-hoursd

Off-hours

Weekend

315 (40.4%)
465(59.6%)

244 (31.3%)

95 (36.8%)
163 (63.2%)

77 (29.8%)

27 (36.5%)
47 (63.5%)

25 (33.8%)

163 (42.7%)
219 (57.3%)

118 (30.9%)

30 (45.5%)
36 (54.5%)

24 (36.4%)

0.34

0.73

Consult reason
Shock
Respiratory insufficiency
Altered consciousness
Sepsis
Acute kidney injury
High MEWSc

Hemodynamic instability
Other

150 (19.2%)
483 (61.9%)
139 (17.8%)
214 (27.4%)
94 (12.1%)
23 (2.9%)
280 (35.9%)
99 (12.7%)

30 (11.6%)
147 (57%)
36 (14.0%)
47 (18.2%)
18 (7%)
16 (6.2%)
86 (33.3%)
42 (16.3%)

5 (6.8%)
50 (67.6%)
7 (9.5%)
22 (29.7%)
10 (13.5%)
3 (4.1%)
21 (28.4%)
9 (12.2%)

103 (27%)
242 (63.4%)
80 (20.9%)
135 (35.3%)
60 (15.7%)
2 (0.5%)
152(39.8%)
36 (9.4%)

12 (18.2%)
44 (66.7%)
16 (24.2%)
10 (15.2%)
6 (9.1%)
2 (3%)
21 (31.8%)
12 (18.2%)

<0.001*
0.20
0.01*
<0.001*
0.008*
0.001*
0.14
0.05

• Table shows data of first ICU consultation of the hospital admission
• A p-value of < 0.05 is considered significant (marked by an *)
a. CCI: Charlson comorbidity index
b. ECOG PS: Eastern Cooperative Oncology Group Performance Status
c. MEWS: Modified Early Warning Score
d. On-hours: during dayshift
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table 2; univariable and multivariable analysis; factors associated with 30-day mortality.

Univariable analysis Multivariable analysis

30-day
Mortality

Odds
ratio

95% CI p-value Odds
ratio

95% CI p-value

Age - 1.02 1.01-1.03 0.001* 1.04 1.02-1.05 <0.001*

Male 192 (38.5%) 1.08 0.80-1.46 0.61

Solid malignancy (ref)
Hematological malignancy

176 (35%)
117 (42.7%) 1.39 1.02-1.87 0.03* 1.63 1.02-2.60 0.04*

Metastatic disease 101 (41.2%) 1.23 0.91-1.68 0.19 1.05 0.56-1.96 0.89

Cancer recurrence 32 (45.1%) 1.39 0.85-2.27 0.19 1.39 0.74-2.60 0.31

Controlled cancer (ref)
Uncontrolled cancer

98 (26.4%)
197 (48.3%) 2.60 1.92-3.52 <0.001* 2.30 1.54-3.41 <0.001*

CCIa - 1.08 1.01-1.15 0.02* 1.02 0.89-1.15 0.82

ECOG PSb before hospital admission
0 (ref)
1
2
3
4

47 (26%)
107 (35.9%)
82 (42.9%)
44 (48.9%)
13 (86.7%)

1.60
2.15
2.73
18.53

1.06-2.40
1.38-3.33
1.61-4.64
4.03-85.19

0.02*
0.001*
<0.001*
<0.001*

1.33
1.84
2.40
12.42

0.81-2.18
1.07-3.19
1.21-4.77
2.34-65.93

0.27
0.03*
0.01*
0.003*

MEWSc 1.13 1.05-1.20 <0.001* 1.13 1.04-1.23 0.006*

Cancer treatment 252 (36.8%) 0.77 0.50-1.20 0.25

Immunocompromised 214 (38.2%) 1.09 0.79-1.51 0.61

ICU triage decision
ICU admission (ref)
Too well to benefit-no ICU admission
Too well to benefit- delayed ICU
Too sick to benefit

141 (36.9%)
66 (25.6%)
34 (45.9%)
54 (81.8%)

0.59
1.45
7.69

0.42-0.83
0.88 - 2.40
3.98-14.87

0.003*
0.15
<0.001*

0.66
1.83
7.78

0.42-1.04
1.00 - 3.33
3.38-17.89

0.08
0.048*
<0.001*

Year ICU consult
2016 (ref)
2017
2018
2019

78 (36.4%)
77 (37.7%)
87 (39.2%)
53 (37.9%)

-
1.06
1.12
1.06

-
0.71-1.57
0.76-1.66
0.68-1.65

-
0.78
0.56
0.79

Earlier ICU admission before consult 18 (23.4%) 0.47 0.27-0.81 0.007* 0.82 0.41-1.64 0.57

One ICU physician (ref)
Two ICU physicians
More than two ICU physicians

109 (34.3%)
155 (40.3%)
31 (40.3%)

1.29
1.29

0.95-1.76
0.78-2.15

0.10
0.33

0.97
0.95

0.64-1.46
0.48-1.87

0.87
0.88

One referring physician (ref)
Two referring physicians
More than two referring physicians

53 (32.3%)
195 (39.3%)
45 (39.8%)

1.36
1.39

0.93-1.97
0.84-2.28

0.11
0.20

1.27
1.24

0.80-2.03
0.64-2.38

0.31
0.53

Location consult
Emergency room (ref)
Ward
Other

57 (41.6%)
188 (38.9%)
50 (31.3%)

-
0.89
0.64

-
0.61-1.32
0.40-1.03

-
0.57
0.07

1.42
1.70

0.86-2.35
0.90-3.20

0.18
0.10

On-hoursd (ref)
Off-hours

103 (32.7%)
192 (41.3%) 1.45 1.07-1.95 0.02* 1.61 1.09-2.38 0.02*

Weekend 95 (38.9%) 1.07 0.79-1.46 0.67
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Primary and secondary outcome
The results of the univariable and multivariable logistic regression analysis with 30-day 
mortality as endpoint are provided in table 2. The following factors of the multivariable 
analysis were associated with 30-day mortality: age, a hematological type of cancer, 
uncontrolled cancer, ECOG PS of 2, 3 and 4, MEWS, ICU triage decisions ‘delayed ICU ad-
mission’ and ‘too sick to benefit’, ICU consultations during off-hours, ‘altered conscious-
ness’ as reason for ICU admission request and ‘AKI’ as reason for ICU admission request.

We presented in table 3 and 4 a comparison between patients immediately admitted to 
the ICU and patients with a delayed ICU admission, and a comparison between patients 
with a consultation during on-hours and patients with a consultation during off-hours.

In table ES3 , multivariable analyses of 90-day mortality, 180-day mortality and 1 year 
mortality are shown. Delayed ICU admission remained associated with mortality, while 
the effect of on-hours compared to off-hours disappeared.

In table ES4, MEWS, number of consultations during on-hours and consult reasons of 
the second ICU admission consultation for patients with a delayed ICU admission are 
shown. The MEWS of patients during the second consultation was comparable to the 
MEWS of the first consultation, a second consultation was more often performed during 
on-hours.

table 2; univariable and multivariable analysis; factors associated with 30-day mortality. (continued)

Univariable analysis Multivariable analysis

30-day
Mortality

Odds
ratio

95% CI p-value Odds
ratio

95% CI p-value

Consult reason
Shock
Respiratory insufficiency
Altered consciousness
Sepsis
Acute kidney injury
High MEWSc

Hemodynamic instability
Other

68 (45.3%)
188 (38.9%)
68 (48.9%)
87 (40.7%)
50 (53.2%)
10 (43.5%)
102 (36.4%)
34 (35.4%)

2.49
1.48
2.12
1.28
2.70
1.93
0.69
1.14

1.48-4.19
1.02-2.17
1.35-3.34
0.84-1.97
1.65-4.41
0.80-4.64
0.42-1.14
0.70-1.87

0.001*
0.04*
0.001*
0.25
<0.001*
0.14
0.15
0.59

1.78
1.18
1.73

2.47
2.00
0.70

0.97-3.26
0.77-1.83
1.06-2.83

1.41-4.34
0.70-5.72
0.42-1.18

0.06
0.45
0.03*

0.002*
0.20
0.18

• Table shows data of first ICU triage decision of the hospital admission
• A p-value of < 0.05 is considered significant (marked by an *)
a. CCI: Charlson comorbidity index
b. ECOG PS: Eastern Cooperative Oncology Group Performance Status
c. MEWS: Modified Early Warning Score
d. On-hours: during dayshift
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Table 3; differences immediate ICU admission vs. delayed ICU admission

ICU admission
n = 382

Too well to benefit- 
Delayed ICU
n = 74

p-value

Age 65 [58-72] 66 [59-70] 0.98

Male 248 (64.9%) 44 (59.5%) 0.37

Solid Malignancy
Hematological malignancy

244 (63.9%)
136 (35.6%)

41 (55.4%)
33 (44.6%)

0.15

Metastatic solid malignancy 108 (28.3%) 20 (27%) 0.83

Cancer recurrence 27 (7.1%) 5 (6.8%) 0.92

Uncontrolled cancer 173 (45.4%) 33 (44.6%) 0.90

CCIa 4 [2-6] 3 [2-6] 0.64

ECOG PS before hospitalb

0
1
2
3
4
Unknown

1 [0-2]
108 (28.3%)
148 (38.7%)
81 (21.2%)
36 (9.4%)
6 (1.6%)
3 (0.8%)

1 [1-1]
17 (23%)
39 (52.7%)
15 (20.3%)
3 (4.1%)
0 (0%)
0 (0%)

0.54

MEWSc

Unknown
5 [4-7]
54 (14.1%)

5 [4-7]
4 (5.4%)

0.13

Cancer treatment before ICU
Unknown

343 (90.3%) 65 (87.8%) 0.53

Immunocompromised 265 (69.4%) 49 (66.2%) 0.55

Year ICU consult
2016
2017
2018
2019

114 (29.8%)
108 (28.3%)
99 (25.9%)
61 (16%)

22 (29.7%)
18 (24.3%)
18 (24.3%)
16 (21.6%)

0.66

Earlier ICU admission before consult 45 (11.8%) 8 (10.8%) 0.82

One ICU physician
Two ICU physicians
More than two ICU physicians

158 (41.4%)
176 (46.1%)
48 (12.6%)

35 (47.3%)
37 (50%)
2 (2.7%)

0.045*

One referring physicians
Two referring physicians
More than two referring physicians

80 (21.2%)
240 (63.7%)
57 (15.1%)

19 (26%)
41 (56.2%)
13 (17.8%)

0.48

Location consult
Emergency room
Ward
Other

81 (21.2%)
190 (49.7%)
111 (29.1%)

4 (5.4%)
55 (74.3%)
15 (20.3%)

<0.001*

On-hoursd

Off-hours

Weekend

163 (42.7%)
219 (57.3%)

118 (30.9%)

27 (36.5%)
47 (63.5%)

25 (33.8%)

0.32

0.62
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Table 4; differences on-hours versus off-hours

On-hours
n= 315

Off-hours
n = 465

p-value

Age 65 [57-71] 63 [56-70] 0.12

Male 208 (66%) 291 (62.6%) 0.33

Solid Malignancy
Hematological malignancy

207 (66.1%)
106 (33.9%)

296 (63.8%)
168 (36.2%)

0.50

Metastatic solid malignancy 99 (31.4%) 146 (31.4%) 0.99

Cancer recurrence 29 (9.2%) 42 (9.1%) 0.94

Uncontrolled cancer 158 (50.2%) 250 (53.9%) 0.31

CCIa 4 [2-6] 4 [2-6] 0.78

ECOG PS before hospitalb

0
1
2
3
4
Unknown

1 [0-2]
82 (26%)
122 (38.7%)
70 (22.2%)
37 (11.7%)
3 (1.0%)
1 (0.3%)

1 [1-2]
99 (21.3%)
176 (37.8%)
121 (26%)
53 (11.4%)
12 (2.6%)
4 (0.9%)

0.07

MEWSc

Unknown
5 [3-6]
37 (11.7%)

5 [4-7]
43 (9.2%)

0.99

Cancer treatment before ICU
Unknown

284 (90.4%) 400 (86.4%) 0.09

Table 3; differences immediate ICU admission vs. delayed ICU admission (continued)

ICU admission
n = 382

Too well to benefit- 
Delayed ICU
n = 74

p-value

Consult reason
Shock
Respiratory insufficiency
Altered consciousness
Sepsis
Acute kidney injury
High MEWSc

Hemodynamic instability
Other

103 (27%)
242 (63.4%)
80 (20.9%)
135 (35.3%)
60 (15.7%)
2 (0.5%)
152(39.8%)
36 (9.4%)

5 (6.8%)
50 (67.6%)
7 (9.5%)
22 (29.7%)
10 (13.5%)
3 (4.1%)
21 (28.4%)
9 (12.2%)

<0.001*
0.49
0.02*
0.35
0.63
0.008*
0.06
0.42

Hospital mortality 148 (38.7%) 36 (48.6%) 0.11

30-day mortality 141 (36.9%) 34 (45.9%) 0.14

90-day mortality 180 (47.2%) 43 (58.9%) 0.07

180-day mortality 206 (54.4%) 47 (65.3%) 0.09

1 year mortality 230 (62%) 54 (75%) 0.04*

• Table shows data of first ICU consultation of the hospital admission
• A p-value of < 0.05 is considered significant (marked by an *)
a. CCI: Charlson comorbidity index
b. ECOG PS: Eastern Cooperative Oncology Group Performance Status
c. MEWS: Modified Early Warning Score
d. On-hours: during dayshift
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The MEWS of patients during the second consultation was comparable to the MEWS of 
the first consultation, a second consultation was more often performed during on-hours

Last, in table ES5 and table ES6, crude mortality rates by ICU triage decision for patients 
with solid cancer and patients with a hematological malignancy separately are shown.

Table 4; differences on-hours versus off-hours (continued)

On-hours
n= 315

Off-hours
n = 465

p-value

Immunocompromised 231 (73.3%) 329 (71.1%) 0.49

Year ICU consult
2016
2017
2018
2019

96 (30.5%)
76 (24.1%)
93 (29.5%)
50 (15.9%)

118 (25.4%)
128 (27.5%)
129 (27.7%)
90 (19.4%)

0.25

Earlier ICU admission before consult 35 (11.1%) 42 (9%) 0.34

One ICU physician
Two ICU physicians
More than two ICU physicians

184 (58.4%)
102 (34.2%)
29 (9.2%)

134 (28.8%)
283 (60.9%)
48 (10.3%)

<0.001*

One referring physicians
Two referring physicians
More than two referring physicians

77 (24.5%)
187 (59.6%)
50 (15.9%)

87 (19%)
309 (67.3%)
163 (13.7%)

0.08

Location consult
Emergency room
Ward
Other

49 (15.6%)
195 (61.9%)
71 (22.5%)

88 (18.9%)
288 (61.9%)
89 (19.1%)

0.32

Weekend 73 (23.2%) 171 (36.8%) <0.001*

Consult reason
Shock
Respiratory insufficiency
Altered consciousness
Sepsis
Acute kidney injury
High MEWSc

Hemodynamic instability
Other

70 (22.2%)
189 (60%)
61 (19.4%)
86 (27.3%)
41 (13%)
9 (2.9%)
124 (39.4%)
32 (10.2%)

80 (17.2%)
294 (63.2%)
78 (16.8%)
128 (27.5%)
53 (11.4%)
14 (3%)
156 (33.5%)
64 (13.8%)

0.08
0.36
0.35
0.95
0.50
0.90
0.10
0.13

Hospital mortality 106 (33.7%) 179 (38.5%) 0.17

30-day mortality 103 (32.7%) 192 (41.3%) 0.02*

90-day mortality 143 (45.4%) 227 (49%) 0.32

180-day mortality 162 (51.6%) 264 (57.3%) 0.12

1 year mortality 188 (61.2%) 302 (66.4%) 0.15

• Table shows data of first ICU consultation of the hospital admission
• A p-value of < 0.05 is considered significant (marked by an *)
a. CCI: Charlson comorbidity index
b. ECOG PS: Eastern Cooperative Oncology Group Performance Status
c. MEWS: Modified Early Warning Score
d. On-hours: during dayshift
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DISCUSSIOn

Our study evaluated the association between 30-day mortality, and ICU admission 
consultation characteristics and triage decisions in cancer patients. After adjustment for 
confounders, we found a statistically significant relationship between 30-day mortality, 
and triage decisions and ICU consultation during off-hours. The association between 
triage decisions and mortality might even persist over time.

In our study, 60% of the ICU triage decisions in cancer patients were made during off-
hours, half of the patients for whom ICU admission was requested were immediately 
admitted to the ICU. Triage decisions were made by two or more ICU and referring phy-
sicians in nearly 50% of the patients ‘too well to benefit’ from ICU, and in 80% of the 
patients ‘too sick to benefit’. Only one patient initially considered ‘too sick to benefit’ 
was admitted to the ICU after a second ICU triage decision. These results suggest that in 
our hospitals, patients were often discussed by multiple physicians, before considering 
them ‘too sick to benefit’ from ICU. However, 22% of the patients initially considered 
“too well to benefit” from ICU admission (9.5% of the overall population) were subse-
quently admitted to the ICU after a median of 1 day. Severity of illness, measured by the 
MEWS, was comparable between the first and second consultation by intensivists in this 
group, suggesting no overt rapid deterioration in the clinical status of these patients. 
Worrisome is that both off-hours consultation, and admission to the ICU after initially 
being considered “too well to benefit” from ICU admission (i.e. delayed ICU admission), 
were associated with an increased 30-day mortality, even after adjusting for confound-
ers present at the moment of consultation and patient related confounders. Moreover, 
the detrimental effect of delayed ICU admission might persist till 1 year after the initial 
triage decision.

Studies that describe the association between mortality and ICU admission during off-
hours in critically ill patients show contradictory results (13, 19, 20). Where Brunot et al. 
(13) found that time of admission, especially off-hour admissions, did not influence the 
prognosis of ICU patients, two other studies (19, 20) found an association between off-
hours ICU admissions and hospital mortality. Our results suggest that in cancer patients, 
the oncologists or hematologists should draw attention of the on-hour intensivist for 
any situation that could deteriorate rapidly. In addition, although off-hours assessment 
of patients’ condition seemed not detrimental in the long-term, ICU physicians should 
be aware of the vulnerability of cancer patients for whom ICU admission during off-hours 
is requested, and need to consider ICU admission carefully. Daily rounds by a multidis-
ciplinary team is associated with lower mortality among ICU patients (21). Although not 
described in studies before, we assume that the outcome of critically ill cancer patients 
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will improve when an ICU physician and a hematologist or oncologist discusses the need 
of an ICU admission for patients ‘at risk’ during rounds.

In line with previous literature (3, 22-27), age, cancer type (solid or hematological), 
cancer status, performance status, and severity of critical illness were associated with 
30-day mortality in our study and should therefore be taken into consideration during 
triage decisions. In earlier studies, the association between ICU admission reasons and 
short-term mortality has been reported (28-30). Our study adds to these results that al-
tered conscious, AKI and shock as reason for consultation need special consideration, as 
these are associated with either short-term (Table 2) or long-term mortality (table ES3) .

ICU denial rate in our study was higher than in studies including general patients (31-35), 
patients with advanced disease (36) or hematological patients (37). In our study, short-
term mortality of patients with immediate ICU admission (i.e. ICU mortality, hospital 
mortality or 30-day mortality) was variable when compared to other studies reporting 
similar (29, 38-40) or lower mortality (26, 30, 41). It would be expected that with a high 
denial rate, the mortality would be lower. However, when compared to the median pre-
dicted hospital mortality (using the APACHE IV score), the actual hospital mortality was 
similar (predicted 40.8%, actual hospital mortality 38.7%). The higher mortality when 
compared to other studies could be explained by differences in case mix (e.g. planned 
surgical patients were included in those studies as well) and severity of illness.

The 30-day mortality of patients ‘too well to benefit, never admitted to the ICU’ was 
high (25.6%), especially when compared to the study of Thiery et al.(10) (6% 30-day 
mortality). However, the study of Thiery et al.(10) had a small sample size and did not 
show data regarding severity of illness, complicating a direct comparison. In our study, 
patients were more frequent considered ‘too well to benefit’ (42.6% versus 22.8%), 
which might explain the difference in mortality. However, mortality of patients with a 
delayed ICU admission was lower in our study (45.9% versus 61.5%).

In addition, approximately 20% of the patients considered ‘too sick to benefit’ was still 
alive on day 30. Therefore, we assume that decisions to refuse ICU treatment were partly 
based on ‘long-term’ prognostic factors, where cancer control might be limited, but the 
patient is not necessarily going to die immediately.

Both the high mortality of patients ‘too well to benefit’ from ICU as the lower mortality 
than expected of patients ‘too sick’ suggest that, despite clinical experience of physi-
cians and current scoring systems, whether or not ICU treatment should be given re-
mains difficult. Errors in judgement of ICU physicians whether ICU admission would be 
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inappropriate care may lead to higher mortality of acutely ill cancer patients. If possible, 
a MEWS specified to cancer patients should be developed to more adequately address a 
timely admission and benefit from an ICU admission. In addition, more frequent intra- 
and interdisciplinary discussions might improve clinical assessment.

The current findings suggest room for a broader admission policy with a lower threshold 
for borderline ICU patients in the hospitals that participated to this study. However, bed 
shortage is associated with ICU refusal (31, 42) and unfortunately, we were not able to 
collect data on bed availability. We are aware that, unless ICU capacity increases, ad-
mitting more cancer patients to the ICU may limit the possibility of ICU admissions for 
other critically ill patients. A way to deal with these problems is the use of a time-limited 
ICU trial (43-46). Previous literature describes that for patients with a solid tumor, an 
ICU admission of 5 days is sufficient to determine whether a patient will survive the ICU 
admission (43, 45), and for patients with a hematological malignancy, a maximum of 
14 days is sufficient (44). In order to successfully conduct an ICU trial, clear agreements 
must be made with oncologists, hematologists, patients and relatives before ICU admis-
sion.

Limitations
First, ICU admission triage varies across hospitals, and in particular high-volume hospi-
tals may have different admission policies. However, we think that our study still shows 
an important message to many hospitals. Physicians should critically evaluate their own 
ICU triage policy, and a close collaboration between referring physicians and ICU physi-
cians should be pursued.

Second, where we tried to reduce the heterogeneity by adjusting for patient characteris-
tics such as type of cancer (solid or hematological) and cancer status, this still limits the 
interpretation of the results.

Third, given the observational design of the study, we cannot rule out residual confound-
ing. We tried to reduce this issue by adjusting for the maximum number of factors which 
were available at the moment of the consultation. Moreover, limitations with regard to 
retrospective studies should be acknowledged.

Fourth, we found a significant relationship between ICU triage decisions and 1 year 
mortality via logistic regression analysis. However, this result might be biased by short-
term mortality and residual confounding. Thus, we should interpreted this result with 
caution.
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 Last, it must be emphasized that by categorizing our cohort according to the triage deci-
sions, we assumed that readmission to the ICU can be predicted with a 100% accuracy 
by consulting physicians. Although this practice is common in medical research, it does 
not reflect the real life situation. Future studies should assess the impact of delayed ICU 
admission via causal inference techniques, where the longitudinal probability of transi-
tions in care can be taken into account (47).

COnCLUSIOn

The ICU denial rate in our study was high (51%). Sixty-percent of the ICU triage deci-
sions in cancer patients were made during off-hours, and 22.3% of the patients initially 
considered “too well to benefit” from ICU admission were subsequently admitted to the 
ICU. Both decisions during off-hours and a delayed ICU admission were associated with 
an increased risk of death at 30 days. Our study suggests that in cancer patients, ICU 
triage decisions should be discussed during on-hours, and ICU admission policy should 
be broadened, with a lower admission threshold for borderline ICU patients.
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SUPPLeMentARy MAteRIAL

Supplementary material – Extended Results
The results of the univariable and multivariable logistic regression analysis with 30-day 
mortality as endpoint in patients with a solid malignancy are provided in extended 
results table 1. The following factors of the multivariable analysis were associated with 
30-day mortality: age, uncontrolled cancer, ECOG PS of 2 or 3, triage decision ‘too sick to 
benefit’, consultation during off-hours, acute kidney injury (AKI) as consultation reason. 
Hemodynamic instability as consultation reason was associated with 30-day survival.

The results of the univariable and multivariable logistic regression analysis with 30-day 
mortality as endpoint in patients with a hematological malignancy are provided in 
extended results table 2. The following factors of the multivariable analysis were associ-
ated with 30-day mortality: age, MEWS and triage decision ‘too sick to benefit’.
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Supplementary material table 1; Malignancy types

total study 
population
n = 780

too well 
to benefit 
– No ICU
n = 258

too 
well to 
benefit- 
Delayed 
ICU
n = 74

ICU
n = 382

too sick 
to benefit
n = 66

p-value

Bladder carcinoma 16 (2.1%) 7 (2.7%) 0 (0%) 6 (1.6%) 3 (4.5%) 0.34

Breast carcinoma 13 (1.7%) 5 (1.9%) 0 (0%) 6 (1.6%) 2 (3%) 0.68

Cholangiocarcinoma 29 (3.7%) 4 (1.6%) 7 (9.5%) 16 (4.2%) 2 (3%) 0.003*

Colorectal carcinoma 78 (10%) 22 (8.5%) 8 (10.8%) 42 (11%) 6 (9.1%) 0.49

Esophageal carcinoma 54 (6.9%) 17 (6.6%) 4 (5.4%) 27 (7.1%) 6 (9.1%) 0.99

Gastric carcinoma 22 (2.8%) 7 (2.7%) 1 (1.4%) 12 (3.1%) 2 (3%) 0.90

Hepatocellular carcinoma 20 (2.6%) 7 (2.7%) 1 (1.4%) 11 (2.9%) 1 (1.5%) 0.77

Larynx carcinoma 12 (1.5%) 4 (1.6%) 0 (0%) 7 (1.8%) 1 (1.5%) 0.73

Lung carcinoma 62 (7.9%) 26 (10%) 2 (2.7%) 24 (6.3%) 10 (15.2%) 0.06

Malignancy of central nervous system 16 (2.1%) 5 (1.9%) 0 (0%) 7 (1.8%) 4 (6.1%) 0.22

Melanoma 12 (1.5%) 0 (0%) 2 (2.7%) 7 (1.8%) 3 (4.5%) 0.06

Mesothelioma 3 (0.4%) 1 (0.4%) 1 (1.4%) 1 (0.3%) 0 (0%) 0.42

Neuroendocrine tumor 20 (2.6%) 10 (3.9%) 1 (1.4%) 8 (2.1%) 1 (1.5%) 0.36

Ovarian cancer 17 (2.2%) 8 (3.1%) 2 (2.7%) 6 (1.6%) 1 (1.5%) 0.48

Pancreatic carcinoma 30 (3.8%) 7  (2.7%) 6 (8.1%) 16 (4.2%) 1 (1.5%) 0.04*

Prostate carcinoma 17 (2.2%) 5 (1.9%) 1 (1.4%) 11 (2.9%) 0 (0%) 0.39

Renal carcinoma 10 (1.3%) 3 (1.2%) 2 (2.7%) 4 (1%) 1 (1.5%) 0.58

Sarcoma 16 (2.1%) 3 (1.2%) 0 (0%) 11 (2.9%) 2 (3%) 0.30

Testicular cancer 9 (1.2%) 6 (2.3%) 2 (2.7%) 1 (0.3%) 0 (0%) 0.03*

Other solid tumour 52 (6.7%) 17 (6.6%) 3 (4.1%) 28 (7.3%) 4 (6.1%) 0.74

Unknown solid tumour 13 (1.7%) 4 (1.6%) 0 (0%) 4 (1%) 5 (7.6%) 0.01*

Acute lymphocytic leukemia 14 (1.8%) 4 (1.6%) 1 (1.4%) 9 (2.4%) 0 (0%) 0.66

Acute myeloid leukemia 82 (10.5%) 33 (12.8%) 11 (14.9%) 35 (9.2%) 3 (4.5%) 0.46

Chronic lymphocytic leukemia 11 (1.4%) 5 (1.9%) 0 (0%) 6 (1.6%) 0 (0%) 0.52

Chronic myeloid leukemia 11(1.4%) 2 (0.8%) 2 (2.7%) 7 (1.8%) 0 (0%) 0.54

Hodgkin Lymphoma 3 (0.4%) 1 (0.4%) 0 (0%) 2 (0.4%) 0 (0%) 0.88

Multiple Myeloma 38 (4.9%) 6 (2.3%) 2 (2.7%) 27 (4.9%) 3 (4.5%) 0.008*

Myelodysplastic syndrome 21 (2.7%) 10 (3.9%) 2 (2.7%) 6 (2.6%) 3 (4.5%) 0.02*

Non-Hodgkin lymphoma 75 (9.6%) 30 (11.6%) 10 (13.5%) 34 (9.4%) 1 (1.5%) 0.35

Other hematological malignancy 26 (3.3%) 6 (2.3%) 5 (6.8%) 15 (3%) 0 (0%) 0.27

Unknown hematological malignancy 2 (0.3%) 0 (0%) 0 (0%) 1 (0.4%) 1 (1.5%) 0.008*

• Table shows data of first ICU triage decision of the hospital admission
• A p-value of < 0.05 is considered significant (marked by an *)
• Some patients have more than one malignancy at the same time
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Supplementary material table 2; ICU data of patients immediately admitted to the ICU

ICU patients
n = 382

SOFA scorea

Unknown
8 [5-11]
118 (30.9%)

APACHE IV scoreb

Unknown
84 [63-103]
116 (30.4%)

APACHE IVb  predicted mortality
Unknown

40.8% [20.3%-69.7%]
116 (30.4%)

Mechanical ventilation 213 (60.7%)

Renal replacement therapy 55 (15.7%)

Vasopressors 238 (67.8%)

CPRc during ICU 13 (3.7%)

Length of ICU stay (days) 3 [1-7]

Written TLDd 81 (23.1%)

Initiation comfort caree 100 (28.5%)

• Table shows data of first ICU consultation of the hospital admission
• Data from 31 patients are missing, they were transferred to another ICU.
a. SOFA Score: Sequential Organ Failure Assessment Score
b. APACHE IV score: Acute Physiology and Chronic Health Evaluation IV score
c. CPR: cardiopulmonary resuscitation
d. TLD: treatment limitation decisions
e. Comfort care: the withdrawal of life-sustaining ICU treatment combined with the initiation of palliative medications 
when indicated.
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Supplementary material table 4; characteristics delayed ICU triage decision

Too well to benefit- Delayed ICU
n = 74

First triage decision Second triage decision

MEWSa

Unknown
5 [4-7]
4 (5.4%)

5 [4-7]
7 (9.5%)

On-hoursb

Off-hours first
27 (36.5%)
47 (63.5%)

41 (55.4%)
33 (44.6%)

Consult reason
Shock
Respiratory insufficiency
Altered consciousness
Sepsis
Acute kidney injury
High MEWSa

Hemodynamic instability
Other

5 (6.8%)
50 (67.6%)
7 (9.5%)
22 (29.7%)
10 (13.5%)
3 (4.1%)
21 (28.4%)
9 (12.2%)

15 (20.3%)
50 (67.6%)
11 (14.9%)
29 (39.2%)
11 (14.9%)
0 (0%)
26 (35.1%)
9 (12.2%)

a. MEWS: Modified Early Warning Score
b. On-hours: during dayshift

Supplementary material table 5; crude mortality rates of solid cancer patients by ICU triage decision

total 
population of 
solid cancer 
patients
n = 503

too well to 
benefit – No 
ICU
n = 163

too well 
to benefit- 
Delayed 
ICU
n = 41

ICU
n = 244

too sick to 
benefit
n = 55

p-value

Hospital mortality
Missing

167 (33.2%)
0 (0%)

23 (14.1%)
0 (0%)

19 (46.3%)
0 (0%)

86 (35.2%)
0 (0%)

39 (70.9%)
0 (0%)

<0.001*

30-day mortality
Missing

176 (35%)
0 (0%)

30 (18.4%)
0 (0%)

17 (41.5%)
0 (0%)

84 (34.4%)
0 (0%)

45 (81.8%)
0 (0%)

<0.001*

90-day mortality
Missing

224 (44.5%)
2 (0.4%)

47 (28.8%)
0 (0%)

21 (52.5%)
1 (2.4%)

108 (44.4%)
1 (0.4%)

48 (87.3%)
0 (0%)

<0.001*

180-day mortality
Missing

266 (52.9%)
5 (1%)

67 (41.1%)
0 (0%)

23 (59%)
2 (4.9%)

127 (52.7%)
3 (1.2%)

49 (89.1%)
0 (0%)

<0.001*

1 year mortality
Missing

309 (61.4%)
12 (2.4%)

85 (52.8%)
2 (1.2%)

29 (74.4%)
2 (4.9%)

144 (61%)
8 (3.3%)

51 (92.7%)
0 (0%)

<0.001*

• Table shows data of first ICU consultation of the hospital admission
• A p-value of < 0.05 is considered significant (marked by an *)
• ICU mortality of ICU patients: 57 (25.1%). Missing: 17 (7%)
• 3 patients with both solid and hematological cancer were excluded from analysis
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Supplementary material table 6; crude mortality rates of hematological cancer patients by ICU triage decision

total population 
of hematological 
cancer patients
n = 274

too well to 
benefit – 
no ICU
n = 94

too well 
to benefit- 
Delayed 
ICU
n = 33

ICU
n = 136

too sick to 
benefit
n = 11

p-value

Hospital mortality
Missing

117 (42.7%)
0 (0%)

31 (33%)
0 (0%)

17 (51.5%)
0 (0%)

61 (44.9%)
0 (0%)

8 (72.7%)
0 (0%)

0.03*

30-day mortality
Missing

117 (42.7%)
0 (0%)

35 (37.2%)
0 (0%)

17 (51.5%)
0 (0%)

56 (41.2%)
0 (0%)

9 (81.8%)
0 (0%)

0.03*

90-day mortality
Missing

143 (52.2%)
0 (0%)

42 (44.7%)
0 (0%)

22 (66.7%)
0 (0%)

70 (51.5%)
0 (0%)

9 (81.8%)
0 (0%)

0.03*

180-day mortality
Missing

157 (57.3%)
0 (0%)

47 (50%)
0 (0%)

24 (72.7%)
0 (0%)

77 (56.6%)
0 (0%)

9 (81.8%)
0 (0%)

0.046*

1 year mortality
Missing

178 (65%)
6 (2.2%)

58 (63.7%)
3 (1.1%)

25 (75.8%)
2 (4.9%)

84 (63.2%)
3 (2.2%)

11 (100%)
0 (0%)

0.05

• Table shows data of first ICU consultation of the hospital admission
• A p-value of < 0.05 is considered significant (marked by an *)
• ICU mortality of ICU patients: 37 (30.3%). Missing: 14 (10.3%)
• 3 patients with both solid and hematological cancer were excluded from analysis
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AbStRACt

background
Whether Intensive Care Unit (ICU) clinicians display unconscious bias towards cancer 
patients is unknown. The aim of this study was to compare the outcomes of critically 
ill patients with and without perceptions of excessive care (PECs) by ICU clinicians in 
patients with and without cancer.

Methods
This study is a sub-analysis of the large multicentre DISPROPRICUS study. Clinicians 
of 56 ICUs in Europe and the United States completed a daily questionnaire about the 
appropriateness of care during a 28-day period. We compared the cumulative incidence 
of patients with concordant PECs, treatment limitation decisions (TLDs) and death 
between patients with uncontrolled and controlled cancer, and patients without cancer.

Results
Of the 1641 patients, 117 (7.1%) had uncontrolled cancer and 270 (16.4%) had controlled 
cancer. The cumulative incidence of concordant PECs in patients with uncontrolled and 
controlled cancer versus patients without cancer was 20.5%, 8.1%, and 9.1% (p<0.001 
and p=0.62, respectively). In patients with concordant PECs, we found no evidence for 
a difference in time from admission until death (HR 1.02, 95%CI 0.60-1.72 and HR 0.87, 
95%CI 0.49-1.54) and TLDs (HR 0.81, 95%CI 0.33-1.99 and HR 0.70, 95%CI 0.27-1.81) 
across subgroups. In patients without concordant PECs, we found differences between 
the time from admission until death (HR 2.23, 95%CI 1.58-3.15 and 1.66, 95%CI 1.28-
2.15), without a corresponding increase in time until TLDs (NA, p=0.3 and 0.7) across 
subgroups.

Conclusions
The absence of a difference in time from admission until TLDs and death in patients 
with concordant PECs makes bias by ICU clinicians towards cancer patients unlikely. 
However, the differences between the time from admission until death, without a corre-
sponding increase in time until TLDs, suggests prognostic unawareness, uncertainty or 
optimism in ICU clinicians who did not provide PECs, more specifically in patients with 
uncontrolled cancer. This study highlights the need to improve intra-and interdisciplin-
ary ethical reflection and subsequent decision-making at the ICU.

Keywords: cancer, critical care, ICU, bias, perception of care, prognostication, treat-
ment limitation
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Outcomes of ICU patients with and without perceptions of excessive care

bACKGROUnD

Over the last four decades, long-term survival in cancer patients has increased consider-
ably thanks to improvement in diagnostics and new therapeutic advances (1-3). The 
incidence of cancer patients requiring intensive care unit (ICU) treatment, due to seri-
ous infectious or chemotherapy-related events has been increasing as well (1). Recent 
data shows that 5-6.5% of patients with solid cancer and up to 10% of patients with a 
hematological malignancy are admitted to ICU during the course of their disease (1-4).

This results in an ICU bed occupancy by cancer patients of 15%-20% (5-7). Although 
these numbers suggest that the initial reluctance to admit cancer patients to the ICU 
has probably been decreasing over the past decades, unconscious bias towards this 
patient population during ICU stay remains a matter of concern for hematologists and 
oncologists in daily practice (1, 8). According to hematologists and oncologists, ICU clini-
cians are often too pessimistic regarding short-term and long-term prognosis of cancer 
patients, while hematologists and oncologists are often too optimistic according to the 
ICU clinicians (8). This may result in overt conflicts or in more subtle chronic conflicts 
such as animosity, distrust or communication gaps, neither of which benefit the patients 
and their families.

The large multicentre DISPROPRICUS study provides a unique opportunity to explore 
the potential issue of unconscious bias towards critically ill patient subgroups (9). In 
this 28-day study, clinicians were asked to provide daily perceptions of disproportion-
ate care (either “excessive care” or “not enough care”) in patients for whom they were 
directly in charge. Subsequently, these patients were followed until one year after ICU 
admission. The probability of being alive at home with a good

quality of life one year after ICU admission in patients who were perceived as receiv-
ing excessive care by at least 2 different ICU clinicians was 7.3%. This probability was 
significantly higher (45.4%) in patients who were not perceived as receiving excessive 
care (9). A different relationship between written treatment-limitation decisions (TLDs) 
and outcome across different subgroups of patients, such as cancer patients, may be 
indicative of unconscious bias by ICU clinicians towards these subgroups.

The aim of this sub-analysis was to compare the following three objectives; 1) time until 
written TLDs, 2) time until death and 3) the combined endpoint (death, poor quality of 
life or not being at home) between patients with and without concordant perceptions 
of excessive care (PECs), across the subgroups of patients with uncontrolled cancer, 
controlled cancer and no cancer. We hypothesized that, relative to patients without can-
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cer, ICU clinicians do not discriminate against patients with uncontrolled or controlled 
cancer.

MetHODS

Study design and data collection
This study is part of the large multicentre DISPROPRICUS study (9). The aim of the DIS-
PROPRICUS study was to assess whether the quality of the ethical climate in an ICU is 
associated with the predictive value of PECs, regarding patients’ one-year outcomes, 
as well as the time from PECs until TLDs and time until death. We refer to previous 
publications for the detailed protocol and study design (9, 10). In brief, doctors and 
nurses working in 68 ICUs in 12 European countries and the United States were invited 
to complete the ethical decision-making climate questionnaire (EDMCQ), in order to 
assess the ethical climate prevailing in their ICU. The EDMCQ has been subjectively 
validated in 2992 ICU clinicians in 68 ICUs in Europe and the US by Van den buckle et al. 
(10) and objectively validated at the patients’ level by Benoit et al. (9). During the 28 day 
study period (between May 4 and July 4, 2014), the clinicians anonymously completed a 
questionnaire about their perceptions of disproportionate care for each of their patients 
every day.

Disproportionate care was defined as care that is no longer consistent with the expected 
survival or quality of life (either “too much” or “not enough” care), or that is provided 
against the patient’s or family’s wishes. Patient characteristics and outcomes were pro-
spectively collected in patients admitted for reasons other than monitoring only. This 
included demographic data (age, gender), substance abuse (alcohol, active smoking), 
the Eastern Cooperative Oncology Group (ECOG) performance status 14 days prior to 
the ICU admission, underlying comorbidities, main admission reasons, vital organ sup-
port and written TLDs on ICU admission and during ICU stay. Patients with uncontrolled 
cancer were defined as ‘patients with disease progression under therapy or relapse’ and 
patients with controlled cancer as ‘patients with complete remission or stable partial 
remission’. We refer to supplementary material table 1 for the definition of all other col-
lected data. Patients who were discharged alive from the ICU or hospital were contacted 
one year after ICU admission. The interviewer collected vital status, place of residence 
and health-related quality of life, using the EuroQol-5D questionnaire. Similar to the 
DISPROPRICUS study, the combined patient outcome at one year was defined as dead, 
not at home or a utility score < 0.5 (9).
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Using factor (10) and cluster analysis (9), four different mutually exclusive ethical 
climates were identified in the DISPROPRICUS study : good, average with(+) and with-
out(−) nurses’ involvement at end-of-life, and poor. A significant difference in patient 
population between the ICUs in the average (-) ethical climate and the other climates 
was seen in the DISPROPRICUS study, based on ICU mortality and length of stay (9). In 
the main DISPROPRICUS study, this was not an issue, because of an a priori decision 
that only the ‘good’ and the ‘poor’ climate were compared. However, including the units 
of the average (-) ethical climate in the current analysis would have potentially biased 
our results. Therefore, data from 12 of the 68 participating ICUs were excluded from this 
sub-analysis.

Congruent with the main analysis, only perceptions of excessive (“too much”) care were 
included in this sub-analysis because 1) “not enough care” represented only 8% of the 
perceptions and 2) including “too much“ and “not enough” perceptions by different 
clinicians for a same patient would have considerably increased the complexity of the 
analysis. For practical reasons, “PECs by at least two different clinicians” is referred to as 
“concordant PECs” throughout the entire manuscript.

The study was approved by the ethics committees of all participating centres and the 
Danish National Health Authority. Informed consent was required in all countries to 
collect the one-year outcomes.

Data analysis
We compared outcomes between cancer subgroups in patients with PECs and without 
PECs by at least two different clinicians, since previous publications have highlighted 
the importance of concordance between two clinicians (9, 11-14).

Pearson’s chi-square tests were used for comparing categorical variables between 
subgroups and Kruskal-Wallis tests (or Anova tests) for comparing continued variables. 
Fisher’s exact tests were used to compare differences between two groups. Results were 
expressed as number and percentage or median and 25-75th percentiles.

Time from admission until concordant PECs, and from concordant PECs until written 
TLD or death were compared using (cause-specific) hazard ratios, obtained via Cox 
regression (accounting for competing risk) (9). The cause specific hazard of an event 
expresses the instantaneous risk of that event at a given time for patients who are still 
alive at the ICU at that time and have not previously experienced that event (9).
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To adjust for differential case-mix, ICU ethical-decision making climate, hospital and 
country characteristics between the subgroup of patients with uncontrolled cancer, 
controlled cancer and no cancer, we used inverse probability weighting based on pro-
pensity scores (15). Here, the propensity score is the probability of being categorized 
according to one of the subgroups, as obtained using a multinomial model based on 
patient, ICU ethical decision-making climate, hospital and country characteristics. 
Included patient characteristics were age, admission reason, surgery before admission, 
comorbidities, alcohol problems, the patient competence, TLD before admission, can-
cer status and ECOG performance status. ICU and hospital characteristics were number 
of ICU beds, patient-nurse ratio, patient-junior physician ratio and number of hospital 
beds. Adjustment based on propensity scores has the advantage, relative to other 
adjustment methods, of preventing model extrapolation, when subgroups are very dif-
ferent in terms of these characteristics (9). These are expressed as proportions and 
(cause-specific) hazard ratios (HR) along with 95% confidence intervals (95% CI). The 
reference value in all analyses was the subgroup ‘patients without cancer’. Two-sided P 
values were considered significant at the 0.05 level. We refer to the master dissertation 
of E. Uyttersprot (16), and the supplementary material for a more detailed methodology.

We may assume that the relationship between time until death and time until written 
TLD reflects prognostic estimation, and thus treatment decisions of ICU clinicians. Rela-
tive increases of hazard of death versus TLD across subgroups may thus reflect prog-
nostic (over-)optimism across these subgroups, relative decreases may reflect (over-)
pessimism. Similarly, a divergence between PECs and the risk of reaching the combined 
endpoint of death, poor quality-of-life or not being at home at one year may reflect over-
optimistic or –pessimistic prognostication by ICU clinicians.

Such divergences could be considered as a surrogate marker of unconscious bias, 
provided that important confounders (like disease severity) are adjusted for. Therefore, 
we considered the weighted analyses as our principal results. Unweighted results are 
provided in the supplementary material.

ReSULtS

During the study period, 1641 patients were admitted for more than monitoring to the 
56 ICUs included in this sub-analysis, of which 117 patients (7.1%) had uncontrolled and 
270 (16.4%) controlled cancer (table 1).
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table 1 Country, hospital, ICU and patient characteristics across subgroups

Uncontrolled
cancer
(n= 117)

Controlled
cancer
(n=270)

Without
cancer
(n=1254)

P-value

Country Characteristics

Number of ICU beds / 100.000 inhabitants 13.8 (11.6-15.9) 11.6 (6.4-15.9) 11.6 (6.4-15.9) 0.001

Geographical region
Central Europe
Northern Europe
Southern Europe
Western Europe / USA

15 (12.8%)
7 (6.0%)
7 (6.0%)
88 (75.2%)

40 (14.8%)
27 (10.0%)
32 (11.9%)
171 (63.3%)

147 (11.7%)
257 (20.5%)
98 (7.8%)
752 (60.0%)

<0.001

Hospital characteristics

Hospital type
Public
Private
University-affiliated
University

20 (17.1%)
10 (8.5%)
28 (23.9%)
59 (50.4%)

47 (17.4%)
7 (2.6%)
43 (15.9%)
173 (64.1%)

318 (25.4%)
77 (6.1%)
178 (14.2%)
681 (54.3%)

0.002

Total beds in hospital
< 250
250-499
500-749
> 750

20 (17.1%)
33 (28.2%)
15 (12.8%)
49 (41.9%)

17 (6.3%)
58 (21.5%)
70 (25.9%)
125 (46.3%)

85 (6.8%)
271 (21.6%)
336 (26.8%)
562 (44.8%)

<0.001

ICU characteristics

Ethical climate
Good
Average +
Poor

26 (22.2%)
48 (41.0%)
43 (36.8%)

54 (20.0%)
97 (35.9%)
119 (44.1%)

241 (19.2%)
552 (44.0%)
461 (36.8%)

0.13

Number of beds per ICU 12 (8-22) 12.5 (10-25) 14 (10-24) 0.02

Patient to nurse ratio 2 (2 - 2) 2 (1.4 - 3) 2 (1.3 - 3) 0.04

Patient to junior physician ratio 5 (3 - 7) 4 (3 - 6) 4 (3 - 6) 0.09

Patient to senior physician ratio 7 (6 - 8) 7 (5 - 8) 7 (4 - 8) 0.08

Percentage of population > 65 year in ICU a 18 (18-18) 18 (18-18) 18 (18-18) <0.001

Patient characteristics

Age 66 (58 - 73) 67 (57 - 75) 63 (50 - 74) 0.002

Gender 63 (53.8)% 171 (63.3)% 736 (58.7)% 0.18

ECOG performance status
Grade 0
Grade 1
Grade 2
Grade 3
Grade 4
Unknown

20 (17.1%)
30 (25.6%)
26 (22.2%)
21 (17.9%)
9 (7.7%)
11 (9.4%)

78 (28.9%)
89 (33.0%)
45 (16.7%)
27 (10.0%)
16 (5.9%)
15 (5.6%)

475 (37.9%)
285 (22.7%)
169 (13.5%)
156 (12.4%)
57 (4.5%)
112 (8.9%)

<0.001

Nursing home resident 3 (2.6%) 6 (2.2%) 69 (5.5%) 0.03

Moderate to severe comorbidities
0
1
≥ 2

0 (0.0%)
90 (76.9%)
27 (23.1%)

0 (0.0%)
197 (73.0%)
73 (23.0%)

790 (63.0%)
379 (30.2%)
85 (6.8%)

<0.001
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table 1 Country, hospital, ICU and patient characteristics across subgroups (continued)

Uncontrolled
cancer
(n= 117)

Controlled
cancer
(n=270)

Without
cancer
(n=1254)

P-value

Type comorbidity
Heart failure (NYHA III or IV)
COPD (Gold III or IV or equivalent)
Neurological (excluding dementia)
Liver cirrhosis (Child Pugh B or C)
Chronic renal failure requiring dialysis
Dementia (moderate or severe)
AIDS

5 (4.3%)
12 (10.3%)
7 (6.0%)
0 (0.0%)
4 (3.4%)
1 (0.9%)
0 (0.0%)

21 (7.8%)
35 (13.0%)
7 (2.6%)
10 (3.7%)
4 (1.5%)
6 (2.2%)
1 (0.4%)

166 (13.2%)
143 (11.4%)
89 (7.1%)
72 (5.7%)
46 (3.7%)
32 (2.6%)
13 (1.0%)

<0.001
0.69
0.02
<0.001
0.16
0.67
<0.001

Abuse
Alcohol
Smoking

1 (0.9%)
10 (8.5%)

14 (5.2%)
39 (14.4%)

166 (13.2%)
241 (19.2%)

<0.001
0.005

Main admission reason
Respiratory failure
Sepsis/severe sepsis/ septic shock
Heart failure / cardiogenic shock
Neurologic pathology / stroke/ ICB
Gastro-intestinal pathology / liver failure
Metabolic / renal
Multiple trauma
Head trauma

36 (30.8%)
34 (29.1%)
11 (9.4%)
8 (6.8%)
10 (8.5%)
14 (12.0%)
0 (0.0%)
1 (0.9%)

65 (24.1%)
67 (24.8%)
24 (8.9%)
17 (6.3%)
26 (9.6%)
22 (8.1%)
4 (1.5%)
2 (0.7%)

289 (23.0%)
222 (17.7%)
244 (19.5%)
157 (12.5%)
133 (10.6%)
108 (8.6%)
92 (7.3%)
55 (4.4%)

0.17
<0.001
<0.001
0.002
0.72
0.44
<0.001
0.003

Surgery within 48h 38 (32.5%) 122 (45.2%) 100 (31.9%) <0.001

Surgery
No surgery
Scheduled surgery
Unscheduled surgery

79 (67.5%)
19 (16.2%)
19 (16.2%)

141 (52.2%)
77 (28.5%)
52 (19.3%)

850 (67.8%)
111 (8.9%)
293 (23.4%)

<0.001

Do-not-resuscitate order before ICU admission
Full code
Unknown
No CPR
Withholding therapy

87 (74.4%)
8 (6.8%)
14 (12.0%)
8 (6.8%)

224 (90.4%)
10 (3.7%)
13 (4.8%)
3 (1.1%)

1132 (90.3%)
57 (4.5%)
34 (2.7%)
31 (2.5%)

<0.001

Severity of illness < 24h after admission
Invasive mechanical ventilation
Vasopressor need
Dialysis

42 (35.9%)
34 (29.1%)
3 (2.6%)

126 (46.7%)
106 (39.3%)
5 (1.9%)

616 (49.1%)
443 (35.3%)
47 (3.7%)

0.02
0.15
0.31

Written withholding / withdrawing order < 24h 11 (9.4%) 6 (2.2%) 50 (4.0%) 0.008

Characteristics during ICU stay
Non-missing patients
Invasive mechanical ventilation
Duration of invasive ventilation
Vasopressor need
Duration of vasopressors
Dialysis
Duration of dialysis
Length of ICU stay

n = 93
46 (49.5%)
3 (1 - 7)
42 (45.2%)
3 (1 - 5)
5 (5.4%)
3 (3 - 10)
3.6 (1.6-7.7)

n = 253
143 (56.5%)
2 (1 - 6)
130 (51.4%)
2 (1 - 4)
21 (8.3%)
5 (3 - 8)
3.8 (1.9-8.0)

n =1165
684 (58.7%)
2 (1 - 6)
544 (46.7%)
2 (1 - 4)
97 (8.3%)
3 (1 - 7)
3.2 (1.6-7.9)

0.20

0.36

0.67

0.26

A p-value of < 0.05 was considered statistically significant
a. Variable considered as categorical because of the limited number of unique values.
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The different types of cancer are reported in table 2. Of the 2690 participating clinicians, 
2293 (85.2%) completed the questionnaire about perception of disproportionate care. 
In total, 25025 perceptions were collected, of which 2279 (9.1%) PECs. PECs were given 
by 728 clinicians (27%) in 334 patients (20.3%). Of these 334 patients, 160 (9.8%) had 
concordant PECs (Fig 1); 53 (33.1%) concordant PECs by at least two doctors, 52 (32.5%) 
by at least one nurse and one doctor, and 55 (34.3%) by at least two nurses. We found no 
evidence for a difference in the combination of clinicians who provided concordant PECs 
across subgroups (p=0.51).

The difference in country, hospital, ICU and patient characteristics across subgroups are 
reported in table 1. Patients with cancer (uncontrolled and controlled) were older than 
the patients without cancer (p = 0.002) and a significant difference in performance status 
was seen between cancer patients and patients without cancer (p < 0.001). Whereas 
cancer patients were more often admitted with sepsis or septic shock (p < 0.001), pa-
tients without cancer were more often admitted with heart failure (p < 0.001), neurologic 
pathology (p = 0.002) and trauma (multiple trauma p < 0.001, head trauma p = 0.003). 
A treatment limitation decision (i.e. no cardiopulmonary resuscitation or withholding 
other life-saving treatments) before ICU admission was more often observed in uncon-
trolled cancer patients than in controlled cancer patients and patients without cancer 
(18.8%, 5.9% and 5.2%, respectively; p < 0.001).

We found statistical evidence for a difference in cumulative incidence of concordant 
PECs between patients with uncontrolled cancer and patients without cancer (20.5% 
vs. 9.1%; p <0.001). We found no evidence for such a difference between patients with 
controlled cancer and patients without cancer (8.1% vs. 9.1%; p = 0.62; Fig 2a).

table 2 Cancer types

Uncontrolled cancer (n=117) Controlled cancer (n=270)

Solid malignancy
Breast
Colon
Head and neck
Lung
Oesophagus and stomach
Pancreas
Other

9 (7.7%)
11 (9.4%)
8 (6.8%)
11 (9.4%)
13 (11.1%)
1 (0.9%)
32 (27.4%)

13 (4.8%)
41 (15.2%)
27 (10%)
18 (6.7%)
28 (10.4%)
16 (5.9%)
76 (28.1%)

Hematological malignancy
Acute leukemia
Lymphoma (Hodgkin, non-Hodgkin)
Other

11 (9.4%)
10 (8.6%)
15 (12.8%)

21 (7.8%)
18 (6.7%)
17 (6.3%)

-  Note; 6 patients had both acute leukemia and a solid malignancy (breast cancer, colon cancer and ‘other cancer’), 3 pa-
tients had both lymphoma and a solid malignancy (breast cancer, head and neck cancer and ‘other cancer’)
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Figure 1 Flowchart study: number of ICU’s, clinicians, perceptions and patients
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In patients with concordant PECs, we found no statistical evidence for a difference in 
time from admission until death between cancer patients and patients without cancer 
(uncontrolled cancer: HR 1.02, 95% CI 0.60-1.72 and controlled cancer HR 0.87, 95%CI 
0.49-1.54; reference value: without cancer; Fig 2b). Likewise, we found no evidence for 
a difference in TLDs. The HRs were 0.81 (95%CI 0.33-1.99) and 0.70 (95%CI 0.27-1.81; Fig 
2c).

In patients without concordant PECs, we found statistical evidence for a difference in 
time from admission until death between cancer patients and patients without cancer 
(uncontrolled cancer: HR 2.23, 95% CI 1.58-3.15 and controlled cancer HR 1.66, 95%CI 
1.28-2.15; reference value: without cancer; Fig 2b). We found no statistical evidence 
for a difference in TLDs (p = 0.71 and p = 0.3; Fig 2c). This finding suggests prognostic 
optimism.

Figure 2a time until at least 2 PeCs (weighted) 
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The risk of reaching the combined endpoint at one year in patients with concordant 
PECs was 93.7% in patients uncontrolled cancer, 82.5% in patients with controlled can-
cer, compared to 93.4% in patients without cancer (p = 0.99 and p= < 0.001, respectively), 
suggesting pessimistic prognostication in patients with controlled cancer by clinicians 
who provided PECs. The risk of reaching the combined endpoint at one year in patients 
without concordant PECs was 70.8% and 63.0% compared to 54.5% (p = 0.003 and p = 
0.02, respectively; Table 3).

Figure 2b time from admission until death (weighted)

 

 

 

 

 

 

 

 

 

Figure 2c time from admission till tLD (weighted)
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DISCUSSIOn

By combining subjective impressions of excessive care and objective patient data from 
the large multicentre DISPROPRICUS database, this is the first study, to our knowledge, 
which explores in more detail the issue of unconscious bias towards critically ill cancer 
patients by ICU clinicians. We found evidence of a difference in time from admission un-
til death without a difference in time until written TLDs in patients without concordant 
PECs across subgroups. In patients with concordant PECs, only a difference in combined 
outcomes at one year was found.

As expected, patients with uncontrolled cancer had a higher risk of being identified 
by ICU clinicians as receiving excessive care than patients with controlled cancer and 
patients without cancer, even after adjusting for confounders. Although short-term 
outcomes after ICU admission in patients with uncontrolled cancer has been improving 
(1, 2, 17, 18), the presence of an underlying malignancy is independently associated with 

table 3 Mortality and tLDs across subgroups (weighed results)

Uncontrolled
cancer (n=117)

Controlled cancer
(n = 270)

Without cancer
(n=1254)

p-value

28 day mortality

< 2 PECS 24.8% 22.6% 17% 0.02

≥ 2 PECs 63% 57,4% 59,6% 0.60

treatment limitation decisions

< 2 PECS 10,5% 5,2% 6,0% 0.12

≥ 2 PECs 28,7% 27,7% 34,7% 0.09

1 year mortality

< 2 PECS 58,4% 45,8% 30,4% <0.001

≥ 2 PECs 87,0% 80,2% 83,2% 0.29

Combined endpoint

< 2 PECS 70,8% 63,0% 54,5% 0.001

≥ 2 PECs 93,7% 82,5% 93,4% <0.001

A p-value of < 0.05 was considered statistically significant
PEC: Perceptions of Excessive Care
TLD: treatment limitation decisions
Combined endpoint: death, poor quality of life or not being at home
Patients who were lost to follow up are not included in this table
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lower long-term survival (5, 19), justifying the higher incidence of PECs by ICU clinicians 
in this subgroup.

We found no evidence of a difference in time until death and written TLDs in patients 
with concordant PECs across subgroups in our study, suggesting that ICU clinicians 
who provided PECs do not discriminate between patient subgroups, once they have 
been identified as receiving excessive care. This observation, together with the higher 
incidence of concordant PECs in uncontrolled cancer patients, underpins the profes-
sionalism and moral engagement of these clinicians towards patients, relatives and 
society. However, patients with controlled cancer had a statistically significant lower 
risk of attaining the combined endpoint (death, poor quality of life or not being

at home) at one year compared to the two other subgroups. This suggests some degree 
of prognostic pessimism, and as such the possibility of unconscious discrimination 
towards patients with controlled cancer, by ICU clinicians who provided PECs. Never-
theless, the overall poor outcomes at one year indicate that concordant PECs by ICU 
clinicians should be taken seriously by hematologists and oncologists and should be 
used to trigger multidisciplinary ethical reflection.

In contrast to patients with concordant PECs, we found evidence of differences between 
the time from admission until death at short-term and mid-term across subgroups in 
patients without concordant PECs, even after adjustment for baseline characteristics. 
This was also confirmed at long-term with the combined endpoint; patients with cancer 
were significantly more at risk to achieve the combined endpoint of death, not being at 
home or having a poor quality of life one year after ICU admission (Table 3). However, 
we found no evidence of a difference in written TLDs across these subgroups. Although 
we cannot completely rule out that this finding reflects the patients or family’s wishes, 
which were not take into account in this study, we would still have expected that cli-
nicians would have provided PECs in such circumstances, since PECs were collected 
anonymously. Therefore, this finding suggests unduly prognostic optimism, uncertainty 
or unawareness about prognosis by ICU clinicians who did not provide PECs, more spe-
cifically in patients with uncontrolled cancer. Similarly to ICU clinicians, hematologists 
and oncologists may feel uncertain about the reliability of their prognostic estimation 
(20-24), perceive “death as a treatment failure” (20) or may feel guilty by having the im-
pression that they are “giving a death sentence” by not starting or continuing advanced 
life-supporting therapy at the ICU (25). Moreover, ICU clinicians are regularly confronted 
with patients and relatives who have unduly optimistic expectations (20), who are not 
always well informed by their hematologist or oncologist or who do not want to be fully 
informed (20), making shared decision-making about treatment options difficult. Fear 
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of litigation and the huge availability of medical resources 24/7 in Western countries 
further increase the pressure to comply with the patient’s or family’s wishes in these 
circumstances (25). This might explain why only 22% of ICU clinicians would refuse a 
patient’s request for non-beneficial treatment and that only 13% would not offer futile 
treatments (25).

Altogether, our results highlight the need to foster intradisciplinary and interdisciplin-
ary ethical reflection to improve prognostication and subsequent decision-making for 
the benefit of the critically ill cancer patient. Besides reducing prognostic uncertainty 
(10), sharing knowledge, experience and values within a safe ethical climate may reduce 
the risk of discrimination of patients with controlled cancer and improve end-of-life 
decision-making in patients with uncontrolled cancer. Education about recent advances 
in cancer for ICU clinicians and about the limits and consequences of advanced ICU 
care for hematologists and oncologists could help in increasing mutual trust and qual-
ity of care. Formal training in ethics and palliative care has also been found to reduce 
uncertainty (26). Furthermore, our results highlight the need for closed-loops systems 
in which both ICU clinicians and hematologists or oncologists learn from the results of 
ICU referrals. This can be obtained by organizing debriefing of complex patient cases, or 
by benchmarking patient outcomes and ethical decision-making climates across units 
between hospital (9, 10).

Our study has several limitations. First, the participating ICUs were not selected at 
random. This may have affected the external validity of our results. Second, inclusion of 
patients was left at the discretion of the attending doctors. However, we tried to reduce 
the risk of selection bias across ICUs by excluding the ethical climate with

indication of selection bias in our main analysis (9) and by adjusting for country, hos-
pital, ICUs and patients characteristics via propensity score weighing. Third, we cannot 
completely exclude a bias due to self-fulfilling prophecy. Self-fulfilling prophecy is a 
phenomenon in which predictions regarding prognosis by health care providers (uncon-
sciously) change ICU treatment and therefore outcome of patients. By adjusting for the 
quality of the ethical decision-making climate at the ICU, we have tried to address the is-
sue of self-fulling prophecy as much as possible by averaging patient outcomes between 
ICUs with a “good” climate (in which self-fulling prophecy could neither be excluded 
nor confirmed in the main analysis) and ICUs with a “poor climate” (in which decision-
paralysis was observed in the main analysis (9)). Moreover, we found no evidence for a 
difference in concordant PECs by different combinations of clinicians with (doctor-doc-
tor, doctor-nurse) and without decision-making power (nurse-nurse) across subgroups 
in this sub-analysis. Fourth, we used time until death and TLDs as surrogate markers of 
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withholding or withdrawal of ICU treatment. We did not measure actual withholding or 
withdrawal of these treatments. Fifth, we did not use classical severity-of-illness scores 
in our analyses, as these scoring systems have not been validated for predicting long-
term outcomes. We preferred to include short-term and long-term prognostic factors 
that are commonly used by clinicians during decision-making in daily practice (9). Sixth, 
one has to keep in mind that the incidence of patients with concordant PECs is probably 
underestimated, as patients admitted prior to the study period were excluded from the 
analysis (9). Finally, in the current study, no distinction was made between patients with 
a solid malignancy and patients with a hematological malignancy. However, this would 
not have altered our conclusion (see master dissertation of E. Uyttersprot (16)).

COnCLUSIOnS

The absence of a difference in time from admission until TLDs and death in patients 
with concordant PECs makes bias by ICU clinicians towards cancer patients unlikely. 
However, the differences between the time from admission until death, without a corre-
sponding increase in time until TLDs, suggests prognostic unawareness, uncertainty or 
optimism in ICU clinicians who did not provide PECs, more specifically in patients with 
uncontrolled cancer. This study highlights the need to improve intra-and interdisciplin-
ary ethical reflection and subsequent decision-making at the ICU.
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SUPPLeMentARy MAteRIAL

Detailed methodology

Inverse propensity score weighting
The variable combined endpoint (CEP) was defined as death, poor quality of life or not 
being at home. CEP was converted to a binary variable with the value 1 if the patient 
was dead, not at home or had a poor QOL, and the value 0 if the patient was still alive, at 
home and had a good QOL after one year. Patients for whom the situation after one year 
was unknown were not included in the analysis.

The first step for obtaining the weight for each patient was to find variables that are re-
lated with the binary variable CEP. A forward, backward and both-way stepwise logistic 
regression (significance level 0.10) was performed, with CEP as outcome variable and 
patient characteristics, ICU characteristics and hospital characteristics as predictors. 
Only variables known at the moment of ICU admission were included. Of these variables, 
5 had 125 missing values and were therefore excluded from analysis.

The second step was to explore which of these variables were also related with cancer. 
Patients were divided into 3 subgroups: patients with uncontrolled cancer (group A), 
patients with controlled cancer (group B) and patients without cancer (group C).

A both-ways stepwise multinomial logistic regression (significance level 0.20) was used 
to identify variables, and all possible two-way interactions between those variables, 
which were related to CEP and cancer.

Gender of the patient, geographical region of the hospital and ethical climate of the ICU 
were not significantly related to CEP. Because of their clinical relevance, their effects 
should be balanced out as well. Therefore, these variables were included in the analysis.

Subsequently, we used the multinomial logistic regression model to predict the prob-
ability that a patient had uncontrolled, controlled cancer or no cancer, given his set of 
covariates.

The weight for a patient is the inverse of the probability to belong to their own group 
(inverse of the propensity score):



160

188 
 

Supplementary material  

Detailed methodology 

Inverse propensity score weighting 
 
The variable combined endpoint (CEP) was defined as death, poor quality of life or not being 
at home. CEP was converted to a binary variable with the value 1 if the patient was dead, not 
at home or had a poor QOL, and the value 0 if the patient was still alive, at home and had a 
good QOL after one year. Patients for whom the situation after one year was unknown were 
not included in the analysis.  
 
The first step for obtaining the weight for each patient was to find variables that are related 
with the binary variable CEP. A forward, backward and both-way stepwise logistic regression 
(significance level 0.10) was performed, with CEP as outcome variable and patient 
characteristics, ICU characteristics and hospital characteristics as predictors. Only variables 
known at the moment of ICU admission were included. Of these variables, 5 had 125 missing 
values and were therefore excluded from analysis.  
 
The second step was to explore which of these variables were also related with cancer. 
Patients were divided into 3 subgroups: patients with uncontrolled cancer (group A), patients 
with controlled cancer (group B) and patients without cancer (group C).  
A both-ways stepwise multinomial logistic regression (significance level 0.20) was used to 
identify variables, and all possible two-way interactions between those variables, which were 
related to CEP and cancer.  
Gender of the patient, geographical region of the hospital and ethical climate of the ICU were 
not significantly related to CEP. Because of their clinical relevance, their effects should be 
balanced out as well. Therefore, these variables were included in the analysis.  
 
Subsequently, we used the multinomial logistic regression model to predict the probability 
that a patient had uncontrolled, controlled cancer or no cancer, given his set of covariates. 
The weight for a patient is the inverse of the probability to belong to their own group (inverse 
of the propensity score): 

With inverse propensity score weighting, observations with extremely high weights could 
influence the results disproportionately. A solution is replacing all weights larger than the 95th 
percentile by the weight of the 95the percentile [1].This solution is called trimming of the 
weights.  
 

References 

1. Lee BK, et al. Weight trimming and propensity score weighting. PLoS One. 2011;6(3):e18174. 

With inverse propensity score weighting, observations with extremely high weights 
could influence the results disproportionately. A solution is replacing all weights larger 
than the 95th percentile by the weight of the 95the percentile [1].This solution is called 
trimming of the weights.



Chapter 8 161

Outcomes of ICU patients with and without perceptions of excessive care

ReFeRenCeS
 1. Lee BK, et al. Weight trimming and propensity score weighting. PLoS One. 2011;6(3):e18174.



162

Supplementary Table 1 Definition collected data

Country Characteristics Definition

Number of ICU beds / 100.000 inhabitants The number of ICU beds per 100.000 inhabitants

Geographical region
Central Europe
Northern Europe
Southern Europe
Western Europe / USA

The number of patients admitted to an ICU in a country in 
Central Europe, Northern Europe, Southern Europe and 
Western Europe / USA

Hospital characteristics

Hospital type
Public
Private
University-affiliated
University

The number of patients admitted to an ICU in a public 
hospital, in a private hospital, in a university-affiliated 
hospital or a university hospital.

Total beds in hospital
< 250
250-499
500-749
> 750

The number of patients admitted to an ICU in a relatively 
small hospital, in a medium small hospital, in a medium 
large hospital and a large hospital

ICU characteristics

Ethical climate
Good
Average +
Poor

The number of patients admitted to an ICU with a good 
ethical climate, an average ethical climate or a poor 
ethical climate

Number of beds per ICU Number of ICU beds per ICU

Percentage of population > 65 year in ICU Number of patients older than 65 year admitted to the 
ICU

Patient to nurse ratio The number of patients per nurse

Patient to junior physician ratio The number of patients per junior physician

Patient to senior physician ratio The number of patients per senior physician

Patient characteristics

Age Age in years (continuous) and patients 75 year or older 
(categorical)

Gender Male

ECOG performance status

Grade 0

Grade 1

Grade 2

Grade 3

Grade 4

Unknown

Eastern Cooperative Oncology Group Performance Status 
14 days before ICU admission
Fully active, able to carry on all pre-disease performance 
without restriction
Restricted in physically strenuous activity but ambulatory 
and able to carry out work of a light or sedentary nature, 
e.g., light house work, office work
Ambulatory and capable of all self-care but unable to 
carry out any work activities; up and about more than 
50% of waking hours
Capable of only limited self-care; confined to bed or chair 
more than 50% of waking hours
Completely disabled; cannot carry on any self-care; 
totally confined to bed or chair
Unknown ECOG performance status
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Supplementary Table 1 Definition collected data (continued)

Nursing home resident Number of patients living in a nursing home

Moderate to severe comorbidities
0
1
≥ 2

Number of patients without comorbidity (as defined 
below), with one comorbidity (as defined below) or with 
two or more comorbidities (as defined below)

Type comorbidity
Heart failure (NYHA III or IV)
COPDa (Gold III or IV or equivalent)
Neurological (excluding dementia)
Liver cirrhosis (Child Pugh B or C)
Chronic renal failure requiring dialysis
Dementia (moderate or severe) b

AIDS

Number of patients with heart failure, COPD, neurological 
comorbidity, liver cirrhosis, renal failure requiring 
dialysis, dementia and AIDS.

Abuse
Alcoholc

Smoking

Number of patients who drink or smoke

Main admission reason
Respiratory failure
Sepsis/severe sepsis/ septic shock
Heart failure / cardiogenic shock
Neurologic pathology / stroke/ ICB
Gastro-intestinal pathology / liver failure
Metabolic / renal
Multiple trauma
Head trauma

Number of patients with respiratory failure, sepsis, heart 
failure, neurologic pathology, gastro-intestinal pathology, 
metabolic or renal disease, multiple trauma or head 
trauma as admission reason

Surgery within 48 hrs Number of patients with surgery within 48 hrs of ICU 
admission

Surgery
No surgery
Scheduled surgery
Unscheduled surgery

Number of patients with no surgery, scheduled surgery 
and unscheduled surgery

Do-not-resuscitate order before ICU admission
Full code
Unknown
No CPR
Withholding therapy

Number of patients with a do-not-resuscitate order before 
ICU admission

Severity of illness < 24 hrs after admission
Invasive mechanical ventilation
Vasopressor need
Dialysis

Number of patients in need of invasive mechanical 
ventilation, vasopressors or dialysis

Written withholding / withdrawing order < 24 h Number of patients with a written treatment limitation 
decision within 24 hrs of ICU admission

Characteristics during ICU stay
Invasive mechanical ventilation
Duration of invasive ventilation
Vasopressor need
Duration of vasopressors
Dialysis
Duration of dialysis

Number of patients in need of invasive mechanical 
ventilation, vasopressors or dialysis and duration in days 
of these treatments
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NYHA : New York Heart Association.
COPD : Chronic Obstructive Pulmonary Diseases.
AIDS : Acute Immune Deficiency Syndrome.
ICB : Intra-Cranial Bleeding.
CPR : Cardio-Pulmonary Resuscitation.
a Similar stage according to other definitions in absence of pulmonary function test or chronic oxygen therapy.
b Global Deterioration Scale 6 (largely unaware of recent experiences and events in their lives. require assistance with basic 
ADL’s. behavioral and psychological symptoms of dementia are common) or 7 (verbal abilities will be lost over the course 
of this stage, incontinent, needs assistance with feeding, lose ability to walk).
c More than 4 drinks a day for male, more than 3 drinks a day for female

Supplementary table 2 Mortality and tLDs across subgroups (unweighted results)

Uncontrolled
cancer (n=117)

Controlled cancer
(n = 270)

Without cancer
(n=1254)

p-value

28 day mortality

< 2 PECS 23.7% 19.8% 15.4% 0.03

≥ 2 PECs 62.5% 54.5% 60.5% 0.86

treatment limitation decisions

< 2 PECS 9.7% 4.8% 6,2% 0.27

≥ 2 PECs 25% 27,3% 34,2% 0.69

1 year mortality

< 2 PECS 46.2% 38% 23.9% <0.001

≥ 2 PECs 91.7% 77.3% 78.1% 0.53

Combined endpoint

< 2 PECS 58.1% 50.8% 39.7% 0.001

≥ 2 PECs 95.8% 81.8% 86.8% 0.49

A p-value of < 0.05 was considered statistically significant.
Patients who were lost to follow up are not included in this table
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Supplementary material Figure 1 Flowchart study unweighted results: number of ICU’s, clinicians, perceptions and 
patients
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Supplementary Figure 2a time until at least 2 PeCs (unweighted) 

 

 

 

 

 

 

 

Supplementary Figure 2b time from admission until death (unweighted)
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Supplementary Figure 2c time from admission till tLD (unweighted)
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AbStRACt

background
Treatment limitation decisions (TLDs) on the ICU can be challenging, especially in pa-
tients with a malignancy. Up-to-date literature regarding TLDs in critically ill patients 
with a malignancy admitted to the ICU is scarce. The aim was to compare the incidence 
of written TLDs between patients with an active malignancy, patients with a malignancy 
in their medical history (complete remission, CR) and patients without a malignancy 
admitted unplanned to the ICU.

Methods
We conducted a retrospective cohort study in a large university hospital in the Nether-
lands. We identified all unplanned admissions to the ICU in 2017 and categorized the 
patients in three groups: patients with an active malignancy (study population), with CR 
and without a malignancy. A TLD was defined as a written instruction not to perform life-
saving treatments, such as CPR in case of cardiac arrest. A multivariate binary logistic 
regression analysis was used to identify whether having a malignancy was associated 
with TLDs.

Results
Of the 1046 unplanned admissions, 125 patients (12%) had an active malignancy and 
76 (7.3%) patients had CR. The incidence of written TLDs in these subgroups were 37 
(29.6%) and 20 (26.3%).  Age (OR 1.03; 95% CI 1.01-1.04), SOFA score at ICU admission 
(OR 1.11; 95% CI 1.05-1.18) and having an active malignancy (OR 1.75; 95% CI 1.04-2.96) 
compared to no malignancy were independently associated with written TLDs. SOFA 
scores on the day of the TLD were not significantly different in patients with and without 
a malignancy.

Conclusions
This study shows that the presence of an underlying malignancy is independently as-
sociated with written TLDs during ICU stay. Patients with CR were not at risk of more 
written TLDs. Whether this higher incidence of TLDs in patients with a malignancy is 
justified, is at least questionable and should be evaluated in future research.

Keywords: malignancy, neoplasm, do-not-resuscitate, treatment limitation, critical 
care, ICU
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IntRODUCtIOn

Invasive life-saving treatments, provided at an intensive care unit (ICU), have been 
increasingly offered to patients with potentially lifespan limiting conditions, such as a 
malignancy 1-4. Even an increase in such treatments in the final stages of life of these 
patients has been reported 3. These therapies should not automatically be considered 
disproportional; however, the treatment intensity should remain proportional to the 
expected outcome 1. In two large multicentre studies, perceptions of inappropriate ICU 
care were frequently reported by clinicians 1, 5.

Approximately 30% of patients requiring cardiopulmonary resuscitation (CPR) after 
an in-hospital cardiac arrest (IHCA) survived the hospital admission 6, the survival of 
patients with return of spontaneous circulation admitted to the ICU is up to 50% 7. In 
contrast, hospital survival of patients with a malignancy requiring CPR after IHCA was 
significantly lower (5-10%) 8, 9. Therefore, CPR can in certain circumstances be seen 
as a traumatic, undignified and inappropriate medical intervention 10, 11, often with 
prolonged hospitalization and invasive treatment as result 12, 13. A decision to withhold 
invasive life-saving treatments in case of a medical emergency, such as CPR during a 
circulatory arrest, is called a treatment limitation decision (TLD) and is part of routine 
hospital practice 9. When properly executed, a written TLD is a useful method to ensure 
that patient’s preferences regarding CPR or other invasive life-saving treatments are 
honoured 14-16.

However, ICU patients often lack decision-making capacity 17, 18 and advanced directives 
are often lacking or unclear 19-21. Cheveaux et al. showed that ‘having a malignancy’ is 
associated with more do-not-resuscitate decisions at the ward, of which more than half 
were made by the medical team 22. TLDs on the ICU can be challenging, especially in 
patients with a malignancy. Up-to-date literature regarding treatment limitation deci-
sions in critically ill patients with a malignancy admitted unplanned to the ICU is scarce, 
despite rapid evolution of diagnostics and cancer treatments. The number of patients 
with a malignancy admitted unplanned to the ICU has been increasing, and mortality 
rates in these patients are higher than in unplanned ICU patients without a malignancy 
4, 23. A higher incidence of written TLDs in critically ill patients with a malignancy than in 
patients without a malignancy may be justified, especially in patients with a poor short-
term prognosis. In addition, TLDs may be justified when used for minimizing inappro-
priate invasive life-saving treatments in case of deterioration in this vulnerable patient 
population. On the other hand, in case of similar severity of illness between patients 
with and without a malignancy, the presence of an underlying malignancy should not 
automatically result in TLDs.
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The primary objective of this study was to compare the incidence of written TLDs be-
tween patients with an active malignancy, patients with a malignancy in their medical 
history and patients without a malignancy admitted unplanned to the ICU. The second-
ary objective was to identify factors independently associated with written TLDs in 
patients with a malignancy.

MetHODS

We conducted a retrospective cohort study in a large university hospital ICU in the 
Netherlands (Rotterdam). By using our hospital electronic database, we identified all 
unplanned admissions to the ICU in the year 2017. Our ICU is a mixed ICU in a tertiary 
referral university hospital. We categorized the patients in three groups: patients with 
an active malignancy (study population), patients with a malignancy in their medical 
history (complete remission, CR) and patients without a malignancy. The study was ap-
proved by the ethical committee of our institute (MEC-2018-1172).

A metastatic solid tumour was defined as the presence of cancer cells present in distant 
organs or distant lymph nodes, determined by using the medical reports of hematolo-
gists and oncologists. Patients with treatment for a malignancy in their medical history 
and no signs of recurrence were defined as complete remission (CR). We defined CR as 
no detectable malignancy based on the information available in the electronic data-
base, medical reports and letters. We divided complete remission in CR < 1 year and CR 
> 1 year, in order to examine the influence of very recent CR compared to longer existent 
CR in written TLDs. Late deleterious effects of cancer therapies can occur even decades 
after completion of the cancer treatment 24-28, we therefore did not exclude patients with 
a malignancy, even patients with a malignancy in their distant past.

Patients with a diagnosis of a non-melanoma skin malignancy (squamous-cell skin 
cancer or basal-cell carcinoma) were excluded because of the relatively favourable 
prognosis of these tumours, usually without life threatening complications. Similarly, 
we also excluded patients with a premalignant condition, such as colon polyps.

A treatment limitation decision was defined as a written instruction not to perform 
cardiopulmonary resuscitation in case of a cardiac arrest, or a written instruction not 
to perform other life-saving treatments, such as tracheal intubation and mechanical 
ventilation in case of respiratory insufficiency or renal replacement therapy in case of 
kidney insufficiency. An actual withholding or withdrawal of ICU treatment during the 
ICU admission was not mandatory to meet the definition, only the written instruction. 
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New written TLDs or an extension of an existent of a written TLD during ICU admission 
were collected. Furthermore, the reasons for the TLDs were collected.

ICU and patient characteristics were collected. The comorbidity of the patients was 
measured by using the Charlson Comorbidity Index (CCI) 29. The Eastern Cooperative 
Oncology Group (ECOG) Performance Status was used to assess performance status in 
the month to 14 days prior to the ICU admission 30. To evaluate the extent of the acute 
critical illness of the patients at ICU admission, the Sequential Organ Failure Assessment 
(SOFA) score was used 31. Unplanned ICU admissions were defined as medical admis-
sions and postoperative admission after emergency surgery. Readmissions were defined 
as a new ICU admission within 30 day after discharge from the ICU.

The primary objective of this study was to compare the incidence of written TLDs 
between patients with an active malignancy, patients with CR and patients without a 
malignancy admitted unplanned to the ICU. The secondary objective was to identify fac-
tors independently associated with written TLDs in patients with an active malignancy.

Statistical analysis
Descriptive statistics were used to describe baseline and ICU characteristics. Categorical 
variables are reported as numbers with percentage. Continuous variables are reported 
as mean and standard deviation for normally distributed data, or, in case of a skewed 
distribution, median with 25th–75th interquartile range (IQR).

Primary outcome
In order to analyse differences in baseline characteristics between patients with and 
without a malignancy with a new written TLD, we used Pearson’s Chi-square tests or the 
Fisher’s exact tests for categorical variables and Independent Samples T-Tests (normal 
distribution) or the Mann-Whitney U tests (skewed distributions) for continuous vari-
ables. A statistical test with a two tailed p value ≤ 0.05 was considered as significant.

To explore whether having a malignancy was independently associated with a written 
TLD, a univariate logistic regression analysis was used including the following variables: 
malignancy status (i.e. no malignancy, active malignancy, CR and both active and CR), 
age, gender and SOFA score at admission. Subsequently, variables with a p-value < 0.2 
in the univariate analysis were analysed in a multivariate binary logistic regression 
analysis. Odds ratios (OR) and p-values of these variables are presented.
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Secondary outcome
To identify factors associated with written TLDs in the study population, a univariate 
binary logistic regression analysis was performed including the following variables: age, 
gender, marital status, body mass index, CCI, ECOG Performance Status, malignancy 
type, metastatic disease, admission reason, readmission, SOFA score and sepsis. Sub-
sequently, variables with a p-value <0.2 in the univariate analysis were evaluated in a 
multivariate binary logistic regression analysis. Given the clinical relevance of CCI, type 
of malignancy and admission reason, these factors were forced into the multivariate 
model. Odds ratios (OR) and p-values of these variables are presented.

table 1. Characteristics and outcome study population

baseline characteristics Study population
(n=125)

Agea 66 [59-73]

Male 84 (67.2%)

BMI in kg/m2 b,c 24.0 {21.8-27.1}

Marital status
Married
Without partner
Other
Unknown

87 (69.6%)
30 (24.0%)
7 (5.6%)
1 (0.8%)

Comorbidity
CCI a,d

Age-adjusted CCI a,d
4 [3-6]
6 [4-8]

Patients with a solid malignancy
Patients with a hematological malignancy
Patients with solid and hematological malignancy
Patients with unknown type

101 (80.8%)
21 (16.8%)
1 (0.8%)
2 (1.6%)

Patients with metastatic solid malignancy 33 (26.4%)

TLDf before ICUe admission 30 (24.0%)

Reasons TLDf

Medical reasons
Wish of patient
Combination 1 and 2

25 (83.3%)
3 (10%)
2 (6.7%)

Characteristics ICUe admission

Admission reason
Respiratory failure
Post-operative: emergency operation
Sepsis
Post cardiopulmonary resuscitation
Neurological
Other
Combination of reasons

29 (23.2%)
20 (16%)
15 (12%)
5 (4%)
10 (8%)
25 (20%)
21 (16.8%)

Readmissions
Readmission < 2 days

32 (25.6%)
6 (4.8%)
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ReSULtS

During the study period, 2486 patients were admitted to our ICU, of which 1046 (42%) 
unplanned admissions. Of these unplanned admissions, 125 (12%) patients were diag-
nosed with an active malignancy (study population) and 76 (7.3%) patients with CR. The 
baseline characteristics of the study population are shown in table 1. The majority of 
the study population was diagnosed with a solid tumour (80.8%). The different types 
of the malignancies are shown in Appendix A. Written TLDs were made in 30 (24%) of 
the patients before ICU admission, the majority were made by the medical team for 

table 1. Characteristics and outcome study population (continued)

baseline characteristics Study population
(n=125)

SOFA value a, g 7 [5 -10]

Mechanically ventilated 83 (66.4%)

Vasopressors 90 (72%)

Renal Replacement Therapy 27 (6.8%)

Sepsis 54 (43.2%)

Outcome

TLDf

DNRf

DNR and other limitations
Only other limitations

37 (29.6%)
23 (18.4%)
10 (8.0%)
4 (3.2%)

Reasons TLDf

Medical reasons
Wish of patient
Combination of 1 and 2

35 (94.6%)
0 (0%)
2 (5.4%)

Medical reasons
Multiple organ failure
Poor neurological prognosis
(Incurable) Malignancy
Progression critical illness despite maximal medical support
Other

14 (37,8%)
3 (8.1%)
16 (43.2%)
17 (45.9%)
7 (18.9%)

Withdrawal / withholding treatment ICUe 41 (32.8%)

ICUe survival 85 (68%)

Hospital survival 70 (56%)

Length of staya,h 3 [1-10]

a Data are displayed as median with 25th and 75th percentile
b BMI; Body Mass Index
c A logarithmic transformation was performed, original data was not normally distributed
d CCI; Carlson Comorbidity Index
e ICU; Intensive Care Unit
f DNR; Do-Not-Resuscitate
g SOFA; Sequential Organ Failure Assessment score (SOFA score)
h In days
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medical reasons (83.3%, table 1). ICU admission characteristics are shown in table 1 as 
well. During ICU stay, a written TLD was made in another 37 patients (29.6%). All of the 
written TLDs were made by the medical team, 2 decisions included explicit patient’s 
wishes (5.4%).

Patients with a malignancy who received a written TLD during ICU stay were significantly 
older than patients without a malignancy who received a written TLD, but SOFA scores 
on the day of the TLD were not significantly different in patients with and without a 
malignancy (table 2).

table 2. Characteristics patients with treatment limitations received during ICU stay: ICU population without ma-
lignancy vs. study population

General ICUa population 
(n=146)

Study population (n=37) P-valueb

Agec 64 [54-72] 68 [61-77] 0.02*

Male 103 (62%) 24 (64.9%) 0.75

SOFAd at ICU admission 9 [7-11] 8 [6-11] 0.34

SOFAd at TLD 9 [8-14] 9 [7-12] 0.33

Day TLDe 2 [1-6] 4 [1-8] 0.27

a ICU; Intensive Care Unit
b P- value; probability value, a p-value of < 0.05 was considered statistically significant, marked by an Asterisk *
c Data are displayed as median with 25th and 75th percentile
d SOFA; Sequential Organ Failure Assessment score (SOFA score)

table 3 Univariate analysis for factors associated with tLD during ICU stay in patients with and without a malig-
nancy

Variable Patient cases treatment 
limitation

ORa 95% CIb P-valuec

No malignancy (ref)
Malignancy (active or CRd)
Active malignancy
CRd < 1yr
CRd>1yr
Active malignancy + CRd

825 (78.9%)
221 (21.1%)
125 (12.0%)
18 (1.7%)
58 (5.5%)
16 (1.5%)

145 (17.6%)
63 (28.5%)
37 (29.6%)
4 (22.2%)
16 (27.6%)
5 (31.3%)

-
1.87
1.97
1.34
1.79
2.13

-
1.33-2.63
1.29-3.01
0.44-4.13
0.98-3.27
0.73-6.23

-
<0.001*
0.002*
0.61
0.06
0.17

Age - - 1.02 1.01-1.03 <0.001*

Gender 661 (63.2%) 131 (19.8%) 1.01 0.74-1.39 0.94

SOFA  at ICU admission - - 1.10 1.04-1.16 0.001*

a OR; Odds ratio
b CI; confidence interval
c P- value; probability value, a p-value of < 0.05 was considered statistically significant, marked by an Asterisk *
d CR; Complete remission
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table 4 Multivariate analysis for factors independently associated with tLD during ICU stay in patients with and 
without a malignancy

Covariate ORa 95% CIb P-valuec

Age 1.03 1.01-1.04 0.001*

Active malignancy 1.75 1.04-2.96 0.04*

CRd>1yr 1.48 0.72-3.05 0.29

Active malignancy + CRd 1.40 0.41-4.77 0.59

SOFAe  at ICU admission 1.11 1.05-1.18 0.001*

a OR; Odds ratio
b CI; confidence interval
c P- value; probability value, a p-value of < 0.05 was considered statistically significant, marked by an Asterisk *
d
e SOFA score; Sequential Organ Failure Assessment score (SOFA score)

table 5. Univariate analysis: factors associated with tLD during ICU stay in the study population

Variable Patient cases treatment 
limitation

ORa 95% CIb P-valuec

Age - - 1.05 1.01-1.09 0.02*

Gender (male) 84 (67.2%) 24 (28.5%) 0.86 0.38-1.94 0.72

Marital status-married (ref)
Without partner
Other

87 (69.6%)
30 (24%)
7 (5.6%)

25 (28.2%)
10 (33.3%)
2 (28.6%)

-
1.24
0.99

-
0.51-3.02
0.18-5.45

-
0.64
0.99

BMId - - 1.00 0.92-1.08 0.93

Comorbidity (CCIe) - - 0.98 0.80-1.19 0.82

ECOG 0 (ref)
ECOG 1
ECOG 2
ECOG 3
ECOG 4

29 (23.2%)
35 (28%)
23 (18.4%)
25 (20%)
6 (4.8%)

7 (24.1%)
8 (22.9%)
10 (43.5%)
9 (36%)
2 (33.3%)

-
0.93
2.42
1.77
1.57

-
0.29-2.97
0.74-7.9
0.54-5.75
0.24-10.49

-
0.90
0.14
0.34
0.64

Solid (ref)
Hematological

101 (80.8%)
21 (16.8%)

29 (28.7%)
7 (33.3%)

-
1.24

-
0.46-3.39

-
0.67

Metastatic disease 33 (26.4%) 8 (24.2%) 0.91 0.34-2.49 0.86

Admission reason-medical (ref)
Elective surgery
Emergency surgery

92 (73.6%)
10 (8%)
20 (16%)

27 (29.3%)
1 (10%)
7 (35%)

-
0.27
1.30

-
0.03-2.22
0.47-3.60

-
0.22
0.62

Readmission 32 (25.6%) 9 (28.1%) 0.91 0.37-2.21 0.83

SOFA at ICU admission - - 1.13 1.03-1.25 0.01*

Sepsis 54 (43.2%) 22 (40.7%) 2.57 1.17-5.64 0.02*

a OR; Odds ratio
b CI; confidence interval
c P- value; probability value, a p-value of < 0.05 was considered statistically significant, marked by an Asterisk *
d BMI; Body Mass Index
e CCI; Carlson Comorbidity Index
f ECOG; The Eastern Cooperative Oncology Group (ECOG) Performance Status.
g SOFA; Sequential Organ Failure Assessment score (SOFA score)
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The univariate binary logistic regression analysis showed a higher incidence of written 
TLDs during ICU stay in patients with an active malignancy than in patients without a 
malignancy (OR 1.97; 95% CI 1.29-3.01; table 3). Having CR was not associated with a 
written TLD. Age and severity of illness at ICU admission (SOFA score) were associated 
with written TLDs as well.

Age (OR 1.03; 95% CI 1.01-1.04), SOFA score at ICU admission (OR 1.11; 95% CI 1.05-1.18) 
and an active malignancy (OR 1.75; 95% CI 1.04-2.96) were independently associated 
with written TLDs (multivariate analysis, table 4).

Secondary outcomes
Of the variables analysed in the univariate binary logistic regression analysis of the 
study population, age (OR 1.05; 95% CI 1.01-1.09), SOFA score at admission (OR 1.13; 
95% CI 1.03-1.25) and sepsis (OR 2.57, 95% CI 1.17-5.64) were associated with a written 
TLD during ICU stay (table 5). After adjustment for the confounders, only age (OR 1.06; 
95% CI 1.01-1.11) remained associated with written TLDs (table 6).

Appendices B and C show that 30 patients (24%) of the study population were admit-
ted to the ICU with a written TLD, and that having an active malignancy is associated 
independently with a written TLD before ICU admission (OR 3.60; 95% CI 2.17-5.97).

table 6 Multivariate analysis: factors independently associated with tLD during ICU stay in the study population

Covariate ORa 95% CIb P-valuec

Age 1.06 1.01-1.11 0.03*

Hematological malignancy 1.25 0.31-5.05 0.75

Admission reason-medical (ref)
Elective surgery
Emergency surgery

0.61
1.78

0.06-6.37
0.46-6.88

0.68
0.40

SOFA at ICU admissione 1.14 0.98-1.32 0.09

Sepsis 1.55 0.53-4.50 0.43

CCI 0.84 0.65-1.09 0.20

ECOG 1
ECOG 2
ECOG 3
ECOG 4

1.19
4.19
1.75
1.48

0.26-5.41
0.89-19.75
0.41-7.51
0.17-12.92

0.83
0.07
0.45
0.72

a OR; Odds ratio
b CI; confidence interval
c P- value; probability value, a p-value of < 0.05 was considered statistically significant, marked by an Asterisk *
d ICU; Intensive Care Unit
e SOFA; Sequential Organ Failure Assessment score (SOFA score)
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DISCUSSIOn

Treatment limitation decisions on the ICU can be challenging, especially in patients with 
a malignancy. Up-to-date literature regarding TLDs, and factors associated with TLDs, 
in critically ill patients with a malignancy admitted unplanned to the ICU is scarce. The 
aim of this study was to compare the incidence of written TLDs between patients with an 
active malignancy, patients with CR and patients without a malignancy during ICU stay. 
This study shows that having an active malignancy is independently associated with a 
higher risk of  a written TLD during ICU stay, while patients with CR were not at risk for a 
higher incidence of TLDs.

The outcomes of patients with a malignancy after invasive life-saving treatments such 
as CPR and mechanical ventilation are potentially poor 8, 9, 32, 33. The benefit of these 
treatments should be weighed against the possible burden of prolonged hospitaliza-
tion and invasive treatment. It may be argued that our clinicians made TLDs in order to 
minimize inappropriate care in case of deterioration, especially when families indicate 
that quality of life was important for the patient.

On the other hand, some literature suggested that health care providers could display 
implicit ‘cognitive biases’ towards patients 34, 35, leading to a biased evaluation of 
patients based on certain characteristics. Biases towards patients with a malignancy 
among health care providers have been reported in literature 36. It could be argued that 
these biases might influence the perception of inappropriate care, leading to unintended 
discrimination of clinicians towards patients with a malignancy and subsequently more 
written TLDs in these patients. Literature suggests the existence of self-fulfilling proph-
ecy (SFP) in medical decision making, especially in TLD and end-of-life decisions 37. 
Although this phenomenon is hypothetical and cannot be proven with objective studies 
regarding critically ill patients with a malignancy, from a psychological point of view, all 
clinicians should be aware of SFP. To avoid this pitfall, we organize a multidisciplinary 
meeting in our hospital once per day, including ICU physicians, physicians of the refer-
ring specialism, ICU nurses and if necessary, a clinical ethicist. Decisions concerning 
treatment limitations are made in this multidisciplinary meeting, and if possible, based 
on evidence in literature in our hospital.

Remarkably, the percentage of written TLD was almost a threefold higher in our study 
population than in the population of a recent study of a specialised Portuguese Cancer 
institute 38. In our study, the percentage of TLDs in patients without a malignancy was 
also higher than the percentage of written TLDs in ICU patients of large previous studies 
39, 40. Besides of differences in case-mix, it is well known that TLDs vary across coun-
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tries, regions, hospitals, ICUs, and even among physicians 38. Religious beliefs, cultural 
backgrounds and the ethical climate of the ICU team can all influence such decisions 1. 
Therefore, the possibility exists that TLDs were actually made more often by our clini-
cians in similar patient’s circumstances. However, the association between having a 
malignancy and TLDs was found in previous studies as well 41, 42.

Our secondary objective was to identify factors independently associated with written 
TLDs in patients with a malignancy. Surprisingly, we found that only age was indepen-
dently associated with a TLD, while comorbidity, gender and the ECOG performance 
status and severity of illness (SOFA score) were not associated. The influence of age on 
treatment-limitations decisions is consistent with other literature 41 while an association 
with comorbidity, performance status, gender and severity of illness was found in other 
literature 41, 42. The exact reasons for this difference remain unclear. However, similar to 
TLDs, ICU admission decisions vary across countries and regions, with religious beliefs 
and cultural backgrounds influencing ICU admissions. A difference in ICU admission 
considerations and subsequently a difference in case-mix may explain this difference 
with other studies.

In our study population, 75% did not have a treatment limitation before ICU admission, 
while the national guideline regarding critically ill patients with a malignancy states that 
the decision whether treatment limitations are appropriate should be made prior to an 
ICU admission. The absence of treatment limitations is acceptable in case of a good 
prognosis. Failure to discuss a treatment limitation due to difficulty with prognostica-
tion or due to inadequate or poor communication is reprehensible. This might lead to an 
inappropriate ICU admission and subsequently to a higher incidence of TLDs in patients 
with a malignancy after ICU admission. Early and proper education about impact and 
outcome is important to improve prognostication and communication of clinicians 43-46.

All the TLD in our study population were made by the medical team in a multidisciplinary 
meeting, which is comparable to other literature 47. In Europe, TLDs are often made 
by the medical team. North American clinicians commonly apply standards or formal 
procedures and TLDs are more often made with family involvement due to the insurance 
system and the increase in litigation 47. However, caution regarding family involvement 
is recommended due to the following reasons: first, the knowledge of CPR in the general 
population is poor, mostly due to television medical dramas with poor representation of 
CPR and its outcome 48; second, family is often not able to adequately predict patient’s 
wishes 49; last, a TLD made by family could cause a significant burden on the family and 
may result in anxiety or depression 50. Therefore a more paternalistic approach could be 
justified if the relevant factors for adequate decision making can be identified.
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Limitations and strengths

First, the most important limitation of this study is the heterogeneous study population 
of this study, with different types of malignancies, differences in extensiveness of the 
malignancy and differences in cancer treatment before ICU admission. However, in our 
univariate analysis, no evidence of difference in TLD incidence was found between pa-
tients with a solid tumour and patients with a hematological malignancy and between 
non-metastatic disease and metastatic disease. Moreover, unintended discrimination by 
clinicians will be associated with the word cancer in general, not with a specific type of 
malignancy.

Second, physicians made a well-considered decision whether to admit the patient to the 
ICU, this could have influenced the incidence of TLDs before and during ICU.

Thirdly, data were collected from a single institution, which can restrict generalizability.

Last, this was a retrospective study, and all the limitations of a retrospective review 
could be inherent in our study.

Conclusions

This study shows that the presence of an underlying malignancy is independently asso-
ciated with written TLDs during ICU stay. Patients with CR are not at risk of more written 
TLDs. TLDs are mostly made by the medical team. This is justifiable when made in order 
to minimize inappropriate care in case of deterioration. However, all clinicians should 
be aware of unintended discrimination towards patients with a malignancy. Therefore, 
TLDs should be made in a multidisciplinary meeting.
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Appendix A. Numbers and percentage malignancy types

total study population
(n=125)

type Solid malignancy
Bladder carcinoma
Cholangiocarcinoma
Colorectal carcinoma
Gastric carcinoma
Hepatocellular carcinoma
Larynx carcinoma
Lung carcinoma
Malignancy of central nerve system
Melanoma
Mesothelioma
Neuroendocrine tumour
Oesophagus carcinoma
Other
Prostate carcinoma
Sarcoma

4 (3.2%)
10 (8%)
17 (13.6%)
3 (2.4%)
3 (2.4%)
1 (0.8%)
12 (9.6%)
4 (3.2%)
3 (2.4%)
3 (2.4%)
4 (3.2%)
14 (11.2%)
20 (16%)
5 (4%)
1 (0.8%)

type hematological malignancy
Acute lymphoid leukaemia
Acute myeloid leukaemia
Non-Hodgkin Lymphoma
Other

2 (1.6%)
6 (4.8%)
3 (2.4%)
11 (8.8%)

The different types of the malignancies, note: some patients have more than 1 malignancy

Appendix B. Univariate analysis for factors associated with TLD before ICU admission in patients with and without 
a malignancy

Variable Patient cases treatment 
limitation

ORa 95% CIb P-valuec

No malignancy (ref)
Malignancy (active or CRd)
Active malignancy
CRd < 1yr
CRd>1yr

825 (78.9%)
221 (21.1%)
125 (12.0%)
18 (1.7%)
58 (5.5%)

55 (6.7%)
49 (22.1%)
30 (24.0%)
1 (5.6%)
11 (19%)

-
3.99
4.42
0.82
3.28

-
2.62-6.06
2.70-7.24
0.11-6.30
1.61-6.67

-
<0.001*
<0.001*
0.85
0.001*

No malignancy (ref)
Solid malignancy
Hematological malignancy

825 (78.9%)
172 (16.4%)
37 (3.5%)

55 (6.7%)
39 (22.7%)
7 (18.9%)

-
4.11
3.27

-
2.62-6.44
1.37-7.78

-
<0.001*
0.007*

Age - - 1.04 1.03-1.06 <0.001*

Gender 661 (63.2%) 61 (9.2%) 0.81 0.54-1.22 0.31

a OR; Odds ratio
b CI; confidence interval
c P- value; probability value, a p-value of < 0.05 was considered statistically significant, marked by an Asterisk *
d CR; Complete remission
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Appendix C. Multivariate analysis for factors independently associated with TLD during ICU stay in patients with 
and without a malignancy

Covariate ORa 95% CIb P-valuec

Age 1.03 1.02-1.05 <0.001*

Active malignancy 3.60 2.17-5.97 <0.001*

a OR; Odds ratio
b CI; confidence interval
c P- value; probability value, a p-value of < 0.05 was considered statistically significant, marked by an Asterisk *

Appendix D. Characteristics and outcome of the study population without treatment limitations vs those with treat-
ment limitations

no tLD (n=88 ) tLD (n= 37) p valueb

Agec 65 [56-72] 68 [61-77]  0.02*

Male 60 (68.2%) 24 (64.9%) 0.72

bMI in kg/m2 d,e 24.0 {21.7-27.2} 23.8 {22.2-26.7} 0.93

Marital status
Married
Without partner

62 (70.5%)
20 (22.7%)

25 (67.6%)
10 (27.0%)

0.75
0.61

CCI c,f 4 [3-6] 4 [2-6] 0.77

SOFA at ICU admission c,g 6 [4-9] 8 [6-11] 0.01*

ICUh survival 69 (78.4%) 17 (45.9%) <0.001*

Hospital survival 60 (68.2%) 11 (29.7%) <0.001*

30 days survival 59 (67.8%) 9 (24.3%) <0.001*

Length of stay c,i 2 [1-9] 7 [3-17] 0.003*

Withdrawal/withholding ICUh treatment 19 (21.6%) 22 (59.5%) <0.001*

 a DNR; Do-not-resuscitate
b P- value; probability value, a p-value of < 0.05 was considered statistically significant, marked by an Asterisk *
c Data are displayed as median with 25th and 75th percentile
d BMI; Body Mass Index
e A logarithmic transformation was performed, original data was not normally distributed
f CCI; Carlson Comorbidity Index
g SOFA; Sequential Organ Failure Assessment score (SOFA score)
h ICU; Intensive Care Unit
i In days
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DISCUSSIOn

‘If it is not right, do not do it; if it is not true, do not say it.’ True words, spoken by Marcus 
Aurelius, Roman emperor from 161 to 180 AD. However, in the medical world, this is not 
always easy, especially not when dealing with critically ill cancer patients. Important 
ethical values often collide, and thus, we are left with the question: ‘how do we know 
what is right and what is true’? In the introduction, we described that several important 
issues remained understudied, despite that ICU physicians are increasingly confronted 
with cancer patients and that cancer patients are part of daily care. What is the short-
term and long-term outcome of critically ill cancer patients who require ICU treatment? 
What is de effect of our (triage) decisions on outcome? Do we unconsciously show bias 
towards cancer patients? We asked ourselves how can we take good care of these pa-
tients, i.e. ‘to do right’ and ‘to tell the truth’, if we do not know how and when to care 
for them. In this thesis, we addressed these issues. In the following discussion, we will 
elaborate our results in order to help clinicians to make more well-balanced admittance 
and treatment decisions.

Short-term mortality of cancer patients admitted to the ICU
An important first question we have to ask ourselves is: ‘do critically ill cancer patients 
survive an ICU admission and subsequently, the hospital admission?’ As described in the 
introduction, from the eighties till the zeros, mortality of critically ill cancer patients ad-
mitted to the ICU (e.g. complications of the malignancy or cancer treatment) was so high 
that ICU admission was not recommended. Since then, short-term mortality was studied 
extensively, and a decrease of ICU and hospital mortality was seen (1-7). Nowadays, ICU 
and hospital mortality of cancer patients varies in literature between 10% to 30% and 
20% to 50%, respectively. Some studies even defined ICU admission as an independent 
predictor for better outcome of cancer patients (8, 9). In our studies regarding outcome 
of critically ill cancer patients with an unplanned ICU admission, short-term mortality 
of cancer patients was higher than that of patients without cancer. When compared 
to other studies, short-term mortality rates (i.e. hospital mortality) were similar (1, 2, 
4-7, 10-14). The mortality of stem cell transplantation (SCT) patients was comparable 
to other studies that included SCT patients as well (15-18). This finding was somewhat 
surprising, for we would have expected that, given the improvement in survival in the 
past decades, the mortality rate in our data would have been at least slightly lower than 
in studies with older data. In two studies (chapter 5 and 6), we evaluated the APACHE IV 
score mortality prediction for our study populations, these were comparable with the 
actual mortality rates. Therefore, the mortality rates in our studies were not dispropor-
tionately high. The unexpected absence of difference in mortality rates between our 
studies and other literature may be explained by a difference in case-mix. In our studies, 
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only patients admitted to the ICU unplanned were included (i.e. medical or emergency 
surgery). In most other studies, patients with a planned admission were also included. 
More specifically, short-term mortality of cancer patients admitted to the ICU after elec-
tive surgery is indeed low (1, 5, 19-21), and this patient population is often included in 
other studies. In addition, patients in our study populations often had a higher SOFA 
score and received more often organ support.

In our review concerning patients with a hematological malignancy (chapter 2), we de-
scribe that mortality differs majorly between studies and thus, hospitals. This difference 
in mortality could be explained by several factors. First, studies reporting low mortality 
rates usually originate from high-volume centers and so, the external validity of these 
data may be limited (22). Second, the study population may differ between hospitals 
(e.g. age, performance status before admission, comorbidities, severity of illness) (23) 
and last, the timing of the admission to the ICU and bed availability may differ as well. 
These differences make direct comparison between studies difficult.

Given the decrease of hospital mortality in earlier studies, we wondered whether this 
decrease is still continuing. In chapter 3, we described the results of a nationwide study, 
including the trend of hospital mortality from 2008 to 2017. We indeed found a decrease 
in hospital mortality in the Netherlands. It is possible that this improvement is based on 
a more adequate treatment of oncological emergencies, timing of ICU admission, or se-
lection of patients we admit to the ICU. Another possible and not unlikely explanation for 
the decrease in hospital mortality may be the physician’s decision to discharge patients 
to a nursing home or hospice for the terminal phase, leading to a spurious reduction of 
mortality risk when using hospital death as outcome (24, 25). Unfortunately, we did not 
have data available to support this hypothesis.

Complications of cancer treatment, such as cardiomyopathy or kidney failure, can 
become clinically evident even decades after completion of therapy (26-30). These com-
plications might influence the outcome of former cancer patients admitted to the ICU. 
Mortality of former cancer patients in complete remission (CR) requiring an unplanned 
ICU admission has not been extensively studied before, except for hemato-oncologic 
patients with a stem cell transplantation. Given the late deleterious effects of cancer 
therapies decades after the treatment, we included all patients in CR, even patients 
with a malignancy in their distant past. No difference in short-term mortality between 
patients in CR and patients without cancer was seen. Apparently, the effect of cancer 
treatments on short-term mortality is limited.
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Thus, when caring for a critically ill cancer patient or a patient in CR at the ICU, clinicians 
should keep in mind that short-term mortality is not as dramatic as it used to be, and 
might even continue to improve. We should therefore be cautious to make decisions 
solely based on an outdated prejudice about short-term mortality.

Long-term mortality of cancer patients admitted to the ICU
Long-term survival is just as important, if not more important, than short-term sur-
vival. However, where the short-term mortality has been studied extensively before, the 
knowledge about long-term mortality in critically ill cancer patients requiring Intensive 
Care treatment is limited, especially studies describing a trend over time. In our stud-
ies, cancer patients admitted to the ICU unplanned had a significantly higher long-term 
mortality (at 1 and 2 year after ICU admission) when compared to the long-term mortal-
ity of critically ill patients without cancer. Moreover, in our nationwide study (chapter 3), 
we found that when cancer patients (either hematological or solid) survived the hospital 
admission, approximately one third died within the year following the ICU admission. 
In patients without cancer, this number was considerably lower (12%). Two years after 
the ICU admission, half of the cancer patients who survived hospital admission had 
died (chapter 4), for patients without cancer, this was only 16.5%. Having an active 
malignancy was independently associated with 2 year mortality. Apparently, for many 
cancer patients, ICU admission is a way to recover from their critical illness. However, 
ICU treatment does not necessarily lead to success in long-term survival, the underlying 
cancer or the complications of its treatment are still an important negative factor for 
long-term outcome in cancer patients recovering from critical illness.

Just like short-term mortality, differences in case-mix between our studies and previous 
literature makes direct comparison difficult. Depending on which studies we compared, 
the long-term mortality was higher than, equal to or lower than long-term mortality of 
other studies (5, 6, 19, 31-38), and thus, our results show a mortality which is variable 
when comparted to mortality of other studies.

The question remains whether long-term mortality of critically ill cancer patients admit-
ted to the ICU has decreased. In cancer patients in general (i.e. not specifically ICU pa-
tients), mortality has been decreasing over the past decades (39-41). In our nationwide 
study with data from 2008 to 2017 (chapter 3), we found a decrease in 1 year mortality 
from 2008 to 2011 for critically ill patients with a hematological malignancy. After 2011, 
the mortality rate stabilized. In patients with solid cancer, no decrease was seen during 
the study period. Only one large other study evaluated the trend of long-term mortality 
over time before (6). The authors reported a decrease in 1 year mortality of most cancer 
patients. Interestingly, the final year of their database (2011) was similar to the year in 
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which in our database the decrease in 1 year mortality of hematological patients ended. 
This might indicate that we for now have reached the end of the decrease of long-term 
mortality in critically ill cancer patients. Of course, our results are based on all cancer 
patients with an unplanned ICU admission. There is a large variety in malignancy types 
and treatment options for those different malignancies. Therefore, our general results 
might not apply to the individual patient, all ICU physicians should discuss (long-term) 
prognosis and treatment options if possible with the patient, the hematologist or on-
cologist before making any major decisions.

We did not find a statistically significant difference in long-term mortality between active 
cancer patients and patients in CR. Moreover, patients in CR did show a higher long-term 
mortality when compared to the mortality of patients without cancer. While we found 
no difference in short-term mortality, this finding may suggest that having a malignancy 
in CR or previous cancer treatment might influence long-term mortality. Although ICU 
physicians should not make any decisions solely based on a malignancy in the medical 
history, they should keep in mind that for the long run former cancer patients may be 
more vulnerable patients than non-cancer patients.

Performance status and Quality of life of cancer patients after ICU 
admission
Dutch ICU clinicians often feel that survival alone is not everything, a patient must also 
maintain a certain level of quality of life afterwards for the ICU treatment to become 
meaningful. Patients and relatives regularly agree. ‘Doctor, I certainly do not want to end 
up as a “vegetable” ’ is an often-heard remark in the Netherlands. Performance status 
and quality of life are closely related to each other (42, 43). Since both are understudied 
issues in cancer patients, physicians often do not know how the life of a cancer patient 
after ICU discharge will be. We demonstrated that in cancer patients, performance status 
was often already compromised even before hospital admission, and certainly before 
ICU admission (chapter 4 and 5). This is in line with other literature describing a reduced 
performance status in cancer patients (44, 45). Directly after ICU admission, Eastern 
Cooperative Oncology Group Performance Status (ECOG PS) was poor (chapter 4). As 
described above, long-term mortality is high. In survivors, however, performance status 
improved over time, and the majority of the survivors had a rather good performance 
status 2 years after ICU admission. Seventy-seven percent of the patients with a known 
ECOG performance status scored 0 or 1 (i.e. fully active (0), or restricted in physically 
strenuous activity but ambulatory and able to carry out work of a light or sedentary na-
ture (1)). Our findings are consistent with Zafra et al., in their study 79% of the survivors 
at 1 year after ICU admission showed an ECOG performance status of 0-2 (46).
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Similar to performance status, studies show impairment of quality of life (QoL) in cancer 
patients in general, when compared to their previous state or the general population (47, 
48). Literature describing QoL of cancer patients after an ICU admission is scarce. In our 
study (chapter 8), we used a combined endpoint (death, poor quality of life or not being 
able to live at home) at 1 year after ICU admission. In patients with cancer, the risk of 
reaching this combined endpoint was high (almost 80%), and significantly higher than 
in patients without cancer. This finding is in line with three other studies describing an 
impaired QoL in cancer patients after ICU admission (19, 34, 35). However, although QoL 
remained reduced, an improvement over time was described by two studies (19, 34). 
Moreover, two studies compared patients with a hematological malignancy admitted 
and not admitted to the ICU and found on day 90 and 1.5 years after ICU no significant 
difference in QoL (32, 49). Thus, given our own research regarding performance status 
and the literature about QoL, the concerns of physicians about the performance status 
and QoL after ICU admission seem justified, at least in the short term. However, we think 
it is important to note that both performance status and QoL may improve over time. 
Moreover, QoL at longer-term may be comparable to the QoL patients not admitted to 
the ICU. Therefore, denial of an ICU admission solely on the prejudice about QOL is no 
longer justified. However, a poor performance status and QoL before ICU admission are 
independently associated with the risk of reduced QoL after ICU admission (34). Physi-
cians should be aware of a patient’s performance status and QoL before hospitalization 
and consider this during decision making, as both performance status and quality are 
likely to deteriorate (even more) after IC admission, at least in the short term.

Some physicians may be worried about continuing cancer treatment after ICU admis-
sion. Studies describing restart of cancer therapies in ICU survivors show contradictory 
results (32, 50-55), from very low resumption rates (10%) in patients with advanced lung 
cancer (50) to high resumption rates (80%) in patients with hematological cancer (32). 
As described above, there is a large variety in malignancy types and treatments, with dif-
ferent intensities. ICU physicians and hematologists or oncologists should communicate 
clearly about the expectation whether a patient will still be able to start or continue 
cancer therapy after ICU admission, and the influence of that judgement on the final 
prognosis.

ICU triage decisions in critically ill cancer patients
So far, we discussed the survival, performance status and quality of life of cancer patients 
admitted to the ICU. However, there is another important group: the critically ill cancer 
patients for whom ICU admission was requested but denied. Surprisingly few studies 
evaluated the effect of our triage decisions on outcome in critically ill cancer patients. 
Of course, several studies assessed the influence of early versus late ICU admission on 
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outcome in cancer patients, describing an increased risk of death in late ICU admissions 
(56-62). But what is the course and prognosis of patients not admitted to the ICU? The 
ones we deemed ‘too well’ to benefit from ICU treatment, because the patient was very 
likely to recover without intensive care treatment, or the patients ‘too sick’ to benefit 
from ICU treatment, where we judged ICU treatment was very unlikely to prevent death? 
Only one study, published in 2005 (17 years ago!), evaluated the outcome of patients 
denied ICU admission (60). They concluded that errors in judgement by intensivists may 
translate into increased mortality for patients and they advocate for a broader admis-
sion policy. No previous studies were designed to evaluate the outcome of critically ill 
SCT patients for whom ICU admission was denied.

We evaluated the outcome of cancer patients (chapter 5) and SCT patients (chapter 6) 
for whom ICU admission consultation was requested. Mortality of ICU patients has al-
ready been described above, therefore, we will only discuss mortality of patients denied 
ICU admission. ICU denial rate in both our studies was higher than in studies including 
general patients (63-67), patients with advanced disease (68) or hematological patients 
(32). In both cancer patients and SCT patients, admission to the ICU after initially being 
considered “too well to benefit” (i.e. delayed ICU admission) was associated with an 
increased 30-day mortality, even after adjusting for confounders present at the moment 
of consultation and patient related confounders. Moreover, the detrimental effect of 
delayed ICU admission might persist till 1 year after the initial triage decision. The 30-
day mortality of patients ‘too well to benefit, never admitted to the ICU’ was worrisome 
high in both studies. In cancer patients, approximately 20% of the patients considered 
‘too sick to benefit’ was still alive on day 30. Both the high mortality rate of patients ‘too 
well to benefit’ from ICU, as the lower mortality than expected of cancer patients ‘too 
sick’ suggest that, despite clinical experience of physicians and tested scoring systems, 
the assessment whether or not ICU treatment should be given remains difficult in both 
cancer patients and SCT patients. Errors in judgement of ICU physicians whether ICU 
admission would be inappropriate may lead to higher mortality of acutely ill cancer and 
SCT patients. The current findings suggest room for a broader admission policy with a 
lower threshold for critically ill cancer and SCT patients. We are aware that, unless ICU 
capacity increases, admitting more cancer patients to the ICU may limit the possibility 
of ICU admissions for other critically ill patients. A way to deal with these problems is the 
use of a time-limited ICU trial (69-72). Previous literature describes that for patients with 
a solid tumor, an ICU admission of 5 days is sufficient to determine whether a patient will 
survive the ICU admission (69, 71), and for patients with a hematological malignancy, 
a maximum of 14 days is sufficient (70). In order to conduct an ICU trial successfully, 
clear agreements must be made with oncologists, hematologists, patients and relatives 
before ICU admission. The appropriateness of continuing the ICU treatment should be 
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frequently discussed by ICU physicians and referring specialists, based on the actual ef-
fect of (ICU) treatment, for example a decrease in SOFA score over time. It is well-known 
that non-beneficial intensive care treatment negatively affects patients, relatives, health 
care providers and the health care system overall (15, 73, 74). Preventing predicted un-
successful intensive care treatment may provide comfort for the patient and relatives, a 
peaceful death for the patient (75) with proper goodbyes (76), increase bed availability 
for patients who are more likely to benefit from intensive care treatment, and reduce the 
economic burden (15).

In line with the findings in previous studies (6, 22, 77-80), age, cancer type (solid or 
hematological), cancer status, performance status, and severity of critical illness were 
associated with 30-day mortality and should therefore be taken into consideration 
during triage decisions. In addition, altered conscious, AKI and shock as reason for 
consultation need special consideration, as these entities are directly associated with 
mortality either short-term or long-term. In SCT patients, physicians should be aware of 
the higher risk of death in patients with multiple stem cell transplantations in the past, 
graft-versus-host-disease or cancer recurrence.

After adjusting for confounders present at the moment of consultation and patient 
related confounders, off-hours consultation was associated with an increased 30-day 
mortality in critically ill cancer patients. Studies that describe the association between 
mortality and ICU admission during off-hours in critically ill patients in general (i.e. not 
specifically cancer patients) show contradictory results (81-83). Given the higher risk of 
death of consultation during off-hours in our study, oncologists or hematologists should 
preferably warn the intensivist during the day shift for cancer patients who are unstable 
and prone for rapid deterioration. In addition, although off-hours assessment of pa-
tients’ condition seemed not detrimental in the long-term, ICU physicians should be 
aware of the vulnerability of cancer patients for whom ICU admission during off-hours is 
requested, and need to consider ICU admission carefully.

the additional value of qSOFA in triage decisions in critically ill cancer 
patients
Clearly, given the high mortality of patients considered ‘too well to benefit’, there is 
still an unmet clinical need to determine which individual cancer patients will benefit 
from ICU treatment. The quick Sequential Organ Failure Assessment (qSOFA) is a clinical 
bedside score for patients outside the ICU, used for early recognition of sepsis and to 
predict in-hospital mortality (84). In our letter (chapter 7), we explored whether using 
qSOFA in addition to the well-accepted Modified Early Warning Score (MEWS) might 
help to discriminate between survival or death in cancer patients considered ‘too well 
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to benefit’ from ICU treatment. In studies with other case-mixes, the qSOFA seems to be 
an accurate predictor for ICU admission in cancer patients (85-87), but the association 
between qSOFA and mortality remains controversial (85, 87-90). Our results suggested 
that the value of qSOFA score in addition to the MEWS to discriminate between survivors 
and non-survivors in cancer patients considered ‘to well to benefit’ from ICU admission 
is limited. Therefore, a for cancer adjusted MEWS or another predicting score specific for 
cancer patients should be developed to more adequately address a timely admission, 
and the benefit from an ICU admission.

Written treatment limitation decisions during ICU stay in critically ill 
cancer patients
Of course, ICU triage decisions are not the only difficult decisions made by ICU clini-
cians. If we decide to provide treatment on the ICU, how far should we go? If a medical 
intervention has any chance (no matter how small) of helping the patient, should we 
offer it to a patient? Or are there situations where the disadvantages outweigh the 
advantages for the patient? Physicians may decide, preferably with the patient and rela-
tives, that some invasive life-saving treatments are not in the best interest of the patient, 
and consequently decide not to perform these treatments if a medical emergency would 
occur (written treatment limitation decision (TLD)). In our study, we found that having 
an active malignancy is associated with a higher chance of a written TLD during ICU 
stay (chapter 9). The association between having a malignancy and TLDs was found 
in previous studies as well (91-93). It is questionable whether this higher incidence 
of TLDs in cancer patients is justified. Despite improved survival over the past years, 
hospital survival of (cancer) patients after an in-hospital cardiac arrest (IHCA) remain 
disappointingly low (94-96). Therefore, physicians might perceive cardiopulmonary re-
suscitation (CPR) in certain circumstances as a traumatic, undignified and inappropriate 
medical intervention (97, 98). The need for life-sustaining measures, such as mechani-
cal ventilation or renal replacement therapy, is associated with increased mortality as 
well (2). Thus, TLDs may be justified when used for minimizing inappropriate invasive 
treatments, especially in cancer patients with a poor short-term prognosis. However, in 
case of similar severity of illness in patients with and without cancer, the presence of an 
underlying malignancy should not automatically result in TLDs. Health care providers 
sometimes display implicit (unconscious) biases towards cancer patients (60, 99-102). 
These biases might influence the perception of inappropriate care, leading to unin-
tended discrimination of clinicians towards cancer patients and subsequently, more 
written TLDs in these patients when compared to similar ICU patients without cancer. To 
avoid this pitfall, but also to avoid over-optimistic estimations of survival after cardiac 
arrest or the need for other life-sustaining measures by physicians, decisions concern-
ing treatment limitations should be made in a multidisciplinary meeting. In addition, 
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education about recent advances in cancer for ICU clinicians and about the limits and 
consequences of advanced ICU care for hematologists and oncologists could improve 
treatment limitation decisions.

TLDs are preferably made with the patient or relatives. However, severely ill ICU patients 
often lack decision-making capacity (103, 104), and advanced directives before admis-
sion are frequently missing or unclear (105-107). Thus, in our study, all TLDs during ICU 
stay were made by the medical team, mostly in the absence of the explicit patient’s wish. 
In Europe, this is a common practice, TLDs are often made by the medical team (108). 
In contrast, due to the insurance system and the increase in litigation, North American 
clinicians commonly apply standards or formal procedures, and TLDs are more often 
made with family involvement (108). However, we advise caution in family involvement 
due to the following reasons: 1) the knowledge of CPR in the general population is 
poor, mostly due to television medical dramas with poor representation of CPR and its 
outcome (109); 2) family is often not able to adequately predict patient’s wishes (110); 
3) a TLD made by family could cause a significant burden on the family and may result 
in anxiety or depression (111); and 4) relatives may be emotionally overwhelmed, due 
to the life-threatening situation of their loved ones, and not capable of making such 
important decisions at that moment (112). Thus, during an ICU stay, both the patient 
and the relatives are often not able to make possible far-reaching decisions such as 
TLDs. Because of the lack of decision-making capacity by patient and relatives, and the 
proven negative psychological effects for relatives, this more paternalistic approach 
regarding TLDs in Europe might be justified. As mentioned above, before TLDs are made 
by the medical team, relevant factors for adequate decision making (e.g. prognosis, 
performance status) should be identified, considered and discussed in multidisciplinary 
meetings.

the initiation of comfort care at the ICU in critically ill cancer patients
Written treatment limitation decisions are made in advance, an instruction for clinicians 
how to act if a life-threating situation arises. Initiating comfort care means ‘the with-
drawal of life-sustaining ICU treatment and ending all curative treatments, combined 
with the initiation of palliative medications when indicated’. Both TLDs as initiating 
comfort care decisions should of course not be made lightly. In our study, we found that 
comfort care was more frequently initiated in cancer patients than in patients without 
cancer (chapter 4). Similar to written TLD, when started to minimize inappropriate ICU 
treatment, initiating comfort care may be justified (73, 113). In February 2021, the Dutch 
Association for Intensive Care published a revised guideline for end-of-life (EoL) deci-
sions (114). This guideline states that if a curative treatment is no longer achievable, 
the burden of ICU treatment should be weighed against the expected result. This may 
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lead to a decision to initiate comfort care, if continuing invasive life-saving treatments 
is considered to be disproportionate care. In our study population, comfort care was 
more frequently initiated than in the study populations of two other studies describing 
comfort care in cancer patients admitted to the ICU (14, 93). Besides differences in case-
mix, end-of-life (EoL) decisions are influenced by many factors, such as religious beliefs, 
cultural backgrounds, and the ethical climate on the ICU (73), which could explain the 
difference in results between our study and the other studies. However, we must be cau-
tious to draw conclusions quickly, as another explanation exists. Literature shows that 
prognostication for an individual cancer patient remains difficult (19), and suggests the 
existence of self-fulfilling prophecy (SFP) in medical decision making, especially in EoL 
decisions (115). Self-fulfilling prophecy is a phenomenon in which predictions regarding 
prognosis by health care providers (unconsciously) change ICU treatment and therefore 
outcome of patients. As starting comfort care on the ICU inevitable leads to death (since 
most patients are fully dependent of life-sustaining measures  such as mechanical 
ventilation), we might deprive cancer patients the possibility of prolonged survival if we 
misjudge the prognosis of an individual patient. To prevent such a misjudgment, EoL 
decisions should be made in a multidisciplinary meeting.

Unconscious bias toward critically ill cancer patients admitted to the ICU
As described above, stigma and bias towards cancer patients by health care providers 
exists (60, 99-102) and this is of pivotal ethical concern during decisions making. Uncon-
scious bias towards this patient population during ICU stay is a matter of concern for 
hematologists and oncologists in daily practice (116, 117). According to them, ICU clini-
cians are often too pessimistic regarding short-term and long-term prognosis of cancer 
patients, while hematologists and oncologists are often too optimistic about outcome 
after ICU admission according to the ICU clinicians (117). Our study (chapter 8) is to our 
knowledge the first study which explored the issue of unconscious bias towards critically 
ill cancer patients by ICU clinicians, combining subjective impressions of excessive care 
by ICU clinicians and objective patient data. We found that patients with uncontrolled 
cancer had a higher risk of being identified by ICU clinicians as receiving excessive care 
(i.e. disproportional ICU care) than patients with controlled cancer or patients without 
cancer, even after adjusting for confounders. Having (uncontrolled) cancer is indeed 
associated with long-term mortality, at least partly justifying the higher incidence of 
perceptions of excessive care (PECs). Moreover, once patients have been identified as re-
ceiving excessive care, we found no evidence that ICU clinicians discriminated between 
the patient subgroups (uncontrolled cancer, controlled cancer or without cancer). This 
underpins the professionalism and moral engagement of clinicians towards patients, 
relatives and society. However, in patients with controlled cancer, (long-term) outcome 
was significantly better. Our findings suggest some degree of prognostic pessimism by 
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ICU clinicians, when these ICU clinicians –despite the better outcome- still provided 
PECs in patients with controlled cancer (and therefore considered ICU treatment dispro-
portional in patients with controlled cancer). Thus, our findings suggest a possibility of 
unconscious discrimination towards patients with controlled cancer.

In contrast, in patients not perceived as receiving excessive care, our results suggest 
unduly prognostic optimism, uncertainty or unawareness about prognosis by ICU clini-
cians who did not provide PECs, especially in patients with uncontrolled cancer. Physi-
cians may feel uncertain about the reliability of their prognostic estimation (118-122), 
perceive death as a treatment failure (118) or feel guilty by having the impression that 
they are “giving a death sentence” by not starting or continuing advanced life-supporting 
therapy at the ICU (123). Moreover, ICU clinicians are regularly confronted with patients 
and relatives with unduly optimistic expectations (118), who are not always well in-
formed about their prognosis or do not want to be fully informed (118), making shared, 
or, when that is medically not possible, the informed decision-making about treatment 
options difficult.

Our results highlight the need for intradisciplinary and interdisciplinary ethical reflec-
tion to improve prognostication and subsequent decision-making for the benefit of the 
critically ill cancer patient. The overall poor outcomes at one year indicate that PECs by 
ICU clinicians should be taken seriously by hematologists and oncologists, and treat-
ment options should be discussed.

ethical considerations
‘If it is not right, do not do it; if it is not true, do not say it.’ But how do we know what 
is right and what is true? A recent study showed that ICU admissions of patients with 
advanced disease were determined by short-term survival benefit, and not by long-term 
viability (68). As described above, we know that short-term survival is increasing. We 
also know that ICU treatment does not necessarily lead to success in the long-term. 
Especially given performance status is reduced after ICU admission, we have to ask 
ourselves, what is the intrinsic value of this short-term survival? Do we subject patients 
to disproportionate, costly and often invasive ICU care, if only short-term survival, and 
perhaps even ill quality survival, is achieved? To answer these questions we have to 
take various ethical values into account during the decision making. Maybe the patient 
is young, has children, and he or she wants to fight for a few months extra survival, to 
spend (little) more time with his or her family. An ICU treatment could then be classi-
fied as ‘doing good’ and ‘respect for autonomy’. But what if the patient suffers, and the 
chance of recovery ranges from minimal to nihil. In that case, clinicians should consider 
to convert to comfort care, ‘to do no (further) harm’, either on the ward or at the ICU, 
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as non-beneficial (and thus disproportional) intensive care treatment negatively affects 
patients, relatives, health care providers. In addition, we have to consider the ethical 
value ‘justice’. Preventing realistically predicted unsuccessful intensive care treatment 
may increase bed availability for patients who are more likely to benefit from intensive 
care treatment, and reduce the economic burden as well (15). Thus, we should always 
consider the will of the patient or relatives, but we should not let it dictate our deci-
sions. Unless, of course, the patient indicates that he or she no longer wishes to continue 
the treatment. Then, if the patient is deemed competent for decision making, we must 
comply, ‘respect for autonomy’ should in that case be the most important value.

Unfortunately, in daily ICU practice, there are seldom black and white situations, and a 
lot of grey areas. As described above, physicians may feel uncertain about the reliability 
of their prognostic estimation. Critically ill ICU patients often lack decision-making ca-
pacity, and advanced directives before admission are frequently missing or unclear. Rel-
atives may not be able to adequately predict patient’s wishes. Or patients and relatives 
may have unduly optimistic expectations about the prognosis. All these factors make 
ICU decision making, either ICU admission decisions or treatment limitation decisions, 
complicated. Physicians should identify risks factors for short-term mortality, long-term 
mortality, and poor performance status or quality of life (as described above), and weigh 
the benefits and burdens of the ICU treatment, together with the will of the patient. 
The outcome of that consideration should be communicated with and towards other 
health care providers, and towards patients and relatives, and should lead to shared 
or, when that is medically not possible, informed decision making. Decision making by 
physicians solely based on the prejudices about cancer is no longer justified.

Limitations, future research and recommendations
Several limitations should be taken into account when considering our results. First, 
where we tried to reduce the heterogeneity of our study populations by adjusting for 
patient characteristics such as type of cancer (solid or hematological), this still limits the 
interpretation of the results. As described above, there is a large variety in malignancy 
types and treatment options for those different malignancies. Therefore, our results 
might not apply to the level of an individual patient. However, for most of our stud-
ies, dividing the study population further, for example into groups of patients with one 
specific type of cancer, would lead to such small groups that statistical analysis would 
be become unreliable, hence compromising the quality of research. Another important 
point to keep in mind is that the focus in this research is not on a specific kind of cancer, 
but on the combination of cancer and an unplanned ICU admission, with special focus 
on the unplanned need for ICU treatment. Moreover, the overall prognosis of these 
cancer patients is rather poor. This surprisingly homogeneous outcome contradicts 
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that the group is too heterogeneous, and that our results are not indicative for daily 
practice. Second, ICU admission triage and treatment limitation decision policies vary 
across hospitals, and in particular high-volume hospitals may have different policies. 
The participating ICUs were not selected at random. This may have affected the external 
validity of our results. In addition, admission of patients was left at the discretion of 
the attending doctors. Therefore, selection bias might have influenced our outcome and 
generalizability of our findings. Nevertheless, the number of cancer patients admitted to 
the ICU was comparable to other studies. Moreover, in our two large studies, we added 
a random intercept for hospital (chapter 3) or we adjusted for country, hospital, ICU and 
patient characteristics via propensity score weighing (chapter 8). We think that our stud-
ies still show an important messages to many hospitals, and physicians should critically 
evaluate their own policies. Third, given the observational design or the retrospective 
design of most of our studies, limitations with regard to these types of studies should be 
acknowledged. We cannot rule out residual confounding. However, we tried to reduce 
this issue by adjusting for the maximum number of factors which were available in our 
studies. Last, in all our studies, we cannot completely exclude a bias due to self-fulfilling 
prophecy. However, to avoid this pitfall, in the hospitals of most studies, we organize 
a multidisciplinary meeting once per day, including ICU physicians and physicians of 
the referring specialism, in complex cases with consultation of a clinical ethicist. In our 
study about biases, we tried to address the issue of SFP by adjusting for the quality of 
the ethical decision-making climate at the ICU.

Given our results and limitations, we think several options exists for future research. 
First, a MEWS or other predicting score specified to cancer patients should be developed 
to more adequately address a timely admission, and the benefit from an ICU admission. 
By creating a link between the NICE registry and the national cancer registry in the Neth-
erlands, such a score could be created combining all clinically relevant factors. Second, 
due to the difference in case-mix in previous studies (e.g. planned vs. unplanned ICU 
admissions, surgical vs. non-surgical patients), direct comparison of mortality rates is 
difficult. For future research, it would be helpful to establish more uniform inclusion 
criteria to enable a viable comparison between hospitals and countries. That way, study 
populations may be large enough to enable a reliable analysis on subgroups of cancer 
patients, such as septic and non-septic patients or per cancer type. Third, performance 
status and quality of life after ICU admission are painfully understudied issues in cancer 
patients admitted to the ICU. Knowledge about these outcomes, preferable applicable 
to specific subgroups, and a way to predict performance status and quality of life after 
ICU admission is mandatory for decision making in the future. Last, there are a lot of ob-
servational studies or retrospective studies, with all the associated limitations. It does 
not reflect the real life situation. Ideally, studies in the future should have a prospective 
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design. The COHESIS study (Collaboration and Outreach in Hematological patients with/
without Sepsis study) is such a prospective study. The aim of this study is to determine 
the incidence of perceived excessive care by health care providers in patients with a 
hematological disease admitted to the ICU. Furthermore, to determine (time until) TLDs, 
mortality and QoL after 1 year in this patient group. Last, to investigate the impact of the 
quality of the ethical climate on the ICU and ward on the objectives mentioned above. 
Results of this study will follow in the coming years.

In conclusion: Is there a right and true at all in critically ill cancer patients? Besides 
many medical and technical challenges at the ICU, we have to face ethical challenges 
as well. The results of this thesis suggest that ICU physicians should be aware about 
the vulnerability of critically ill cancer patients. Ideally, every ICU team has at least one 
ICU physician specialized in cancer patients. Close collaboration between referring 
specialists (hematologists, oncologists, but for example surgeons or pulmonologists as 
well) and ICU physicians is absolutely mandatory. In addition, availability of a medical 
ethicist for difficult ethical considerations is highly recommended. To avoid inappropri-
ate invasive ICU treatment, referring specialists should inform ICU physicians about 
curative possibilities for the underlying malignancy as adequately as possible. As ICU 
clinicians are experienced in critical care settings, perceptions of excessive care by ICU 
clinicians should be taken seriously by hematologists and oncologists, and treatment 
options should be discussed. However, ICU clinicians should keep in mind that decision 
making solely based on the prejudices about cancer is no longer justified. Decisions 
should be based on (long-term) prognosis, performance status and quality of life before 
ICU admission and especially the severity of the critical illness. When communicating 
with patients or relatives, both parties should be present for the shared or, when that is 
medically not possible, the informed decision making.

Close collaboration between ICU physicians and referring specialists is necessary in 
order to guarantee expertise needed for all aspects of management of critically ill cancer 
patients and to provide optimal care to this population. ICU decisions may have great 
impact on an individual, but given the economic burden of (critically ill) cancer patients 
it may have direct impact on the society as well. Thus, important decisions need to be 
evaluated both medically and ethically. This is not only true for critically ill cancer pa-
tients, but for the more general care of cancer patients or research about cancer as well.
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SUMMARy AnD COnCLUSIOnS

Approximately 40% of the world population will be diagnosed with cancer during their 
lifetime. This number is expected to rise. Although many new successful cancer treat-
ments have been developed over the years, complications of cancer itself or its treat-
ment can be life-threatening. Consequently, intensivists are increasingly confronted 
with cancer patients. However, many questions and issues concerning cancer patients 
admitted to the Intensive Care Unit (ICU) (e.g. survival and quality of life after ICU admis-
sion, effects of ICU triage decisions on outcome) remain yet understudied. How do we 
take good care of our critically ill cancer patients if we do not know how to or when to 
care for them?

Chapter 2
The role of ICU treatment for critically ill patients with a hematological malignancy has 
been a subject of discussion for years due to concerns about unfavorable outcomes. The 
aim of our review was to evaluate the development of the prognosis of adult patients 
with a hematological malignancy, and to describe the role of the ICU over the past years 
and in the future. From the eighties till the zeros, the mortality of patients with a hema-
tological malignancy requiring ICU admission was high. Nowadays, the survival rates 
differ considerably. Nonetheless, the ICU mortality rate did drop impressively compared 
to the past. A 1 year survival up to 50% has been observed. The literature regarding 
quality of life (QoL) after ICU admission is scarce and heterogeneous. Patients with a 
hematological malignancy may experience a decline in QoL after ICU admission. How-
ever, some studies showed no difference between QoL of patients admitted to the ICU 
compared to the QoL of patients without ICU admission. We concluded that denial of 
ICU admission solely on the prejudice of having a hematological malignancy is no longer 
justified. On the contrary, ICU admission of critically ill patients with a hematological 
malignancy should be considered and tailored to patient specific characteristics.

Chapter 3
A decrease in short-term mortality of critically ill cancer patients with an unplanned 
ICU admission has been described in literature. However, only few studies describe a 
change over time of 1-year mortality. In this study, we examined the 1-year mortality 
of cancer patients (hematological or solid) with an unplanned ICU admission, and we 
examined whether the mortality changed over time. We used the National Intensive 
Care Evaluation registry and extracted all patients with an unplanned ICU admission in 
the Netherlands between 2008 and 2017. The 1-year mortality of cancer patients with 
an unplanned ICU admission (hematological and solid) was higher than that of patients 
without cancer. A considerable part of the cancer patients surviving their hospital ad-
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mission died within 1 year after ICU admission. We found a decrease in 1-year mortality 
until 2011 in patients with a hematological malignancy and no decrease in solid cancer 
patients. Our results suggest that for many cancer patients, an unplanned ICU admission 
is still a way to recover from critical illness, it does not necessarily lead to success in 
long-term survival. The underlying cancer unfortunately remains an important factor for 
long-term outcome in patients recovering from critical illness.

Chapter 4
Clinicians may have doubts about the appropriateness of an ICU admission for cancer 
patients. To aid ICU admission decisions, we studied the survival and performance sta-
tus of cancer patients 2 years following an unplanned ICU admission. In this retrospec-
tive cohort study, we included all adult patients with an unplanned admission to the 
ICU of the Erasmus Medical Center in 2017. Patients were categorized into two groups: 
patients with or without an active malignancy. In patients with a malignancy, most of 
the small group of survivors had a good performance status 2 years after ICU admission. 
However, at that point, three-quarter of these cancer patients had died, and mortality in 
cancer patients was significantly higher than in patients without cancer. ICU admission 
decisions in acutely ill cancer patients should be based on performance status, severity 
of illness (level of organ failure) and long-term prognosis. An ICU admission decision 
should not solely be based on the presence of a malignancy, but rather on a combina-
tion of the most important non-oncological prognostic factors

Chapter 5
ICU triage decisions can be challenging and the influence on outcome is mostly un-
known. We therefore assessed whether an association could be found between 30-day 
mortality, and ICU admission consultation conditions and triage decisions. In this ret-
rospective cohort study in two large referral university hospitals in the Netherlands, we 
included all adult cancer patients for whom ICU admission was requested from 2016 to 
2019. The ICU denial rate in our study was high (51%). Sixty percent of the ICU triage de-
cisions in cancer patients were made during off-hours, and 22.3% of the patients initially 
considered “too well to benefit” from ICU admission were subsequently admitted to the 
ICU. Both decisions during off-hours and a delayed ICU admission were associated with 
an increased risk of death at 30 days. Our study suggests that in cancer patients, ICU 
triage decisions should be discussed during on-hours, and ICU admission policy should 
be broadened, with a lower admission threshold for critically ill cancer patients.

Chapter 6
ICU physicians are increasingly confronted with acutely ill stem cell transplantation 
(SCT) patients. To the best of our knowledge, no studies evaluated the outcome of SCT 
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patients for whom ICU admission was requested but denied. We conducted a retrospec-
tive cohort study in two referral university hospitals and identified all adult SCT patients 
for whom ICU admission was requested between 2016 and 2019. We observed worri-
some high 30-day mortality rates in patients without ICU admission and in patients with 
a delayed ICU admission, delayed ICU admission was independently associated with a 
higher risk of death at 30 days. Our study suggests a broader ICU admission policy, with 
a lower admission threshold for critically ill SCT patients.

Chapter 7
Given the high mortality of cancer patients considered ‘too well to benefit’ from ICU 
treatment, there is still an unmet clinical need to determine which cancer patients will 
benefit most likely from ICU treatment. The quick Sequential Organ Failure Assessment 
(qSOFA) is a clinical bedside score for patients outside the ICU, used for early recogni-
tion of sepsis and to predict in-hospital mortality. We explored whether using qSOFA 
in addition to the well-accepted Modified Early Warning Score (MEWS) might help to 
discriminate between survival or death in cancer patients considered ‘too well to ben-
efit’ from ICU treatment. Our results suggest that the value of qSOFA score in addition 
to the MEWS to discriminate between survivors and non-survivors in cancer patients 
considered ‘to well to benefit’ from ICU admission is limited. However, in patients with 
a MEWS ≥ 6, using the qSOFA in addition to the MEWS might be considered for ICU triage 
decisions given the difference of 20% in mortality.

Chapter 8
Whether ICU clinicians display unconscious bias towards cancer patients is unknown. 
This study is a sub-analysis of the large multicenter DISPROPRICUS study. The aim was to 
compare the outcomes of critically ill patients with and without perceptions of excessive 
care (PECs) by ICU clinicians in patients with and without cancer. We may assume that 
the relationship between time until death and time until written treatment limitation 
decisions (TLDs) reflects prognostic estimation. Relative increases of hazard of death 
versus TLD across subgroups may reflect prognostic (over-)optimism, relative decreases 
may reflect (over-)pessimism. Similarly, a divergence between PECs and the risk of 
reaching the combined endpoint (death, not at home, poor quality of life) at one year 
may reflect over-optimistic or –pessimistic prognostication by ICU clinicians. Such diver-
gences could be considered as a surrogate marker of unconscious bias. The absence of a 
difference in time from admission until TLDs and death in patients with concordant PECs 
makes bias by ICU clinicians towards cancer patients unlikely. However, the differences 
between the time from admission until death, without a corresponding increase in time 
until TLDs, suggests prognostic unawareness, uncertainty or optimism in ICU clinicians 
who did not provide PECs, more specifically in patients with uncontrolled cancer. This 
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study highlights the need to improve intra-and interdisciplinary ethical reflection and 
subsequent decision-making at the ICU.

Chapter 9
Written TLDs on the ICU can be challenging in patients with a malignancy. Up-to-date 
literature regarding TLDs in critically ill cancer patients admitted to the ICU is scarce. 
The aim was to compare the incidence of written TLDs between patients with an active 
malignancy, patients with a malignancy in their medical history (complete remission, 
CR) and patients without a malignancy admitted unplanned to the ICU. We included all 
adult patients with an unplanned admission to the ICU of the Erasmus Medical Center 
in 2017 and categorized the patients in three groups: patients with an active malignancy 
(study population), with CR and without a malignancy. A TLD was defined as a written 
instruction not to perform life-saving treatments, such as CPR in case of cardiac arrest. 
Our results showed that the presence of an underlying malignancy is independently 
associated with written TLDs during ICU stay. Patients in CR did not receive more written 
TLDs. Whether this higher incidence of TLDs in patients with a malignancy is justified, is 
at least questionable and should be evaluated in future research.

Conclusion
Besides many medical and technical challenges during ICU treatment, we also face 
ethical challenges. The results of this thesis suggest that ICU physicians should be aware 
about the vulnerability of critically ill cancer patients. Ideally, an ICU team should have 
at least one ICU physician specialized in cancer patients. Close collaboration between 
referring specialists and ICU is absolutely mandatory. In addition, availability of a medi-
cal ethicist for difficult ethical considerations is highly recommended. Decision making 
solely based on the prejudices about cancer is no longer justified. Decisions should 
be based on (long-term) prognosis, performance status and quality of life before ICU 
admission, and the severity of the critical illness.
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SAMenVAttInG en COnCLUSIeS

Ongeveer 40% van de totale wereldpopulatie zal op een gegeven moment gedurende 
zijn of haar leven gediagnosticeerd worden met kanker. Naar verwachting zal dit aantal 
verder stijgen. De afgelopen jaren zijn er veel nieuwe (effectieve) behandelingen tegen 
kanker ontwikkeld, maar de keerzijde van deze behandelingen is dat de complicaties 
ervan levensbedreigend kunnen zijn. Door deze levensbedreigende complicaties komen 
intensivisten steeds vaker in aanraking met kankerpatiënten. Helaas zijn veelvoorko-
mende vragen en problemen specifiek voor kankerpatiënten die Intensive Care (IC) zorg 
nodig hebben nog niet goed onderzocht, zoals de overleving en kwaliteit van leven na 
een IC-opname of het effect van IC-opname beslissingen op de uitkomst. Hoe kunnen we 
goed voor onze ernstig zieke kankerpatiënten zorgen als we niet weten hoe en wanneer 
we wel voor ze op de IC moeten zorgen en wanneer niet?

Hoofdstuk 2
Er is al jarenlang een discussie gaande over de rol van de IC bij de behandeling van ern-
stig zieke patiënten met een hematologische maligniteit. Clinici maken zich zorgen over  
een mogelijk ongunstige prognose van deze patiënten tijdens en na IC-behandeling. In 
dit hoofdstuk bespreken we de prognose van volwassen patiënten met een hematologi-
sche maligniteit die op de IC opgenomen worden, zowel de prognose van het verleden 
als de prognose van het heden. De mortaliteit was van 1980 tot en met 2000 hoog. 
Tegenwoordig verschillen de overlevingskansen enorm, maar de IC-mortaliteit is wel in-
drukwekkend gedaald wanneer deze vergeleken wordt met het verleden. Literatuur die 
de kwaliteit van leven na een IC-opname beschrijft is schaars en geeft een heterogene 
boodschap. Patiënten met een hematologische maligniteit kunnen een verslechtering 
van kwaliteit van leven na IC-opname ervaren. Er zijn echter ook studies die geen 
verschil vinden in kwaliteit van leven van patiënten die opgenomen zijn geweest op de 
IC en patiënten die niet opgenomen zijn geweest op de IC. We concludeerden dat het 
weigeren van een IC-opname alleen op basis van een vooroordeel over het hebben van 
een hematologische kanker niet meer gerechtvaardigd is in deze tijd. Integendeel, een 
eventuele IC-opname van een ernstig zieke patiënt met een hematologische maligniteit 
moet zeker overwogen en afgestemd worden op patiënt specifieke kenmerken.

Hoofdstuk  3
Literatuur beschrijft dat de mortaliteit op korte termijn (tijdens IC-opname of vlak 
erna) van ernstig zieke kankerpatiënten die ongepland op de IC werden opgenomen 
is gedaald. Er zijn echter maar weinig studies die kijken naar veranderingen in sterfte  
1 jaar na de IC-opname. In deze studie hebben we de mortaliteit van kankerpatiënten 
(zowel hematologische als solide kanker) met een ongeplande IC-opname na 1 jaar 
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bestudeerd. Daarnaast hebben we onderzocht of deze mortaliteit veranderde in de loop 
der tijd. We hebben hiervoor het Nationale Intensive Care Evaluatie register gebruikt en 
alle patiënten met een ongeplande IC-opname tussen 2008 en 2017 geïncludeerd. De 
mortaliteit na 1 jaar van kankerpatiënten met een ongeplande opname (zowel hema-
tologisch als solide kanker) was hoger dan de mortaliteit van patiënten zonder kanker 
met een ongeplande opname. Een aanzienlijk gedeelte van de kankerpatiënten die de 
ziekenhuisopname overleefd had ging dood binnen één jaar na IC-opname. Van 2008 
tot en met 2011 zagen we een daling van de sterfte na 1 jaar voor patiënten met een 
hematologische maligniteit; vanaf 2011 stabiliseerde deze trend. We zagen geen daling 
van sterfte voor patiënten met een solide maligniteit over de gehele studieperiode. Onze 
resultaten suggereren dat voor veel kankerpatiënten een IC-opname een manier is om 
van een ernstige acute ziekte te herstellen, maar dat een IC-opname zeker niet altijd leidt 
tot overleving op langere termijn.  De onderliggende kanker of de behandeling ertegen 
is een belangrijke beperkende factor voor langer termijn uitkomsten van deze patiënten.

Hoofdstuk 4
Clinici kunnen twijfelen of een IC-opname wel de juiste zorg is voor kankerpatiënten,  
waardoor beslissingen om wel of niet op te nemen op de IC erg lastig kunnen zijn. Om 
beslissingen omtrent IC-opname te ondersteunen hebben we de overleving van patiën-
ten en het niveau waarop patiënten functioneren 2 jaar na de IC-opname bestudeerd 
met een retrospectieve cohortstudie. Alle patiënten die in 2017 ongepland op de IC 
van het Erasmus MC werden opgenomen hebben we geïncludeerd en in twee groepen 
verdeeld: patiënten met kanker en patiënten zonder kanker. Het grootste gedeelte van 
de kankerpatiënten die 2 jaar na de IC-opname nog leefde functioneerde goed. Echter, 
driekwart van de kankerpatiënten was op dat moment wel al overleden. De sterfte van 
kankerpatiënten na 2 jaar was ook significant hoger dan de sterfte van patiënten zonder 
kanker. We concludeerden dat IC-opname beslissingen gebaseerd zouden moeten zijn 
op het niveau van functioneren voor de ziekenhuisopname, de ernst van de acute ziekte 
en de lange termijn prognose. Een IC-opname zou daarom niet geweigerd mogen wor-
den uitsluitend op basis van het hebben van kanker.

Hoofstuk 5
Hoewel beslissingen omtrent IC-opname erg lastig kunnen zijn, is het effect van de 
beslissing op de uitkomst van patiënten grotendeels onbekend. Daarom hebben we in 
deze studie onderzocht of er een associatie gevonden kon worden tussen mortaliteit na 
30 dagen en de omstandigheden waarin een IC consult werd uitgevoerd. Daarnaast heb-
ben we onderzocht of er een asssociatie gevonden kon worden tussen mortaliteit na 30 
dagen en beslissingen omtrent IC-opname. We hebben een retrospectieve cohortstudie 
in twee academische ziekenhuizen in Nederland uitgevoerd, waarin we alle volwas-
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sen kankerpatiënten geïncludeerd hebben voor wie een IC-opname was aangevraagd 
tussen 2016 en 2019. Een IC-opname werd vaak geweigerd (in 51% van de patiënten). 
Zesenzestig procent van de beslissingen omtrent IC-opname voor kankerpatiënten werd 
gemaakt in een avond- of nachtdienst, en 22.3% van de patiënten die we ‘te goed om te 
profiteren van een IC opname’ beschouwden werd later alsnog opgenomen op de IC. 
Zowel beslissingen tijdens avond- en nachtdienst als een vertraagde IC-opname waren 
geassocieerd met een hoger risico om te sterven binnen 30 dagen. Op basis van ons 
resultaten concludeerden we dat een eventuele IC-opname bij voorkeur al tijdens een 
dagdienst besproken moet worden. Daarnaast is een breder opname beleid voor de IC 
nodig, met een lagere drempel om ernstig zieke kankerpatiënten op te nemen op de IC.

Hoofdstuk 6
IC-artsen worden ook steeds vaker geconfronteerd met ernstig zieke patiënten die een 
stamcel transplantatie (SCT) ondergaan hebben. Voor zover wij weten is er nog nooit 
een studie geweest die onderzocht heeft wat de uitkomst is van SCT-patiënten voor wie 
een IC-opname gevraagd werd, maar welke vervolgens geweigerd werd. We hebben een 
retrospectieve cohortstudie in twee academische ziekenhuizen in Nederland uitgevoerd 
waarin we alle volwassen patiënten met een stamcel transplantatie geïncludeerd heb-
ben voor wie een IC-opname aangevraagd was tussen 2016 en 2019. De mortaliteit van 
SCT patiënten die we als ‘te goed om te profiteren van een IC-opname’ beschouwden 
en de mortaliteit van SCT-patiënten met een vertraagde IC-opname waren zorgelijk 
hoog. Een vertraagde IC-opname was onafhankelijk geassocieerd met een hoger risico 
om binnen 30 dagen te sterven. Op basis van ons resultaten zou er een breder opname 
beleid voor de IC nagestreefd moeten worden, met een lagere drempel om ernstig zieke 
SCT-patiënten op te nemen op de IC.

Hoofdstuk 7
De hoge mortaliteit van kankerpatiënten die we als ‘te goed om te profiteren van een IC-
opname’ beschouwen maakt duidelijk dat er nog steeds een behoefte is in de medische 
wereld om te bepalen welke kankerpatiënten het meeste baat zullen hebben van een 
IC-behandeling. De quick Sequential Organ Failure Assessment (qSOFA) is een klinische 
score voor patiënten buiten de IC (op de afdeling of de SEH). Deze score wordt gebruikt 
om vroeg tekenen van sepsis bij patiënten te herkennen en om de ziekenhuissterfte van 
patiënten te voorspellen. We onderzochten of het gebruik van de qSOFA (een qSOFA <2 
of een qSOFA ≥2) naast de algemeen aanvaarde Modified Early Warning Score (MEWS) 
zou kunnen helpen om onderscheid te maken tussen overleving of overlijden bij kan-
kerpatiënten die we ‘te goed om te profiteren van een IC-opname’ beschouwden. Op 
basis van onze resultaten concludeerden we dat de waarde van de qSOFA score naast 
de MEWS om onderscheid te maken tussen overleving of overlijden zeer beperkt is. 
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Bij patiënten met een MEWS ≥ 6 kan het gebruik van de qSOFA naast de MEWS echter 
worden overwogen, omdat er een groot verschil in mortaliteit (20%) werd gezien tussen 
patiënten met een qSOFA <2 en patiënten met een qSOFA ≥ 2.

Hoofdstuk 8
Volgens intensivisten kunnen hematologen en oncologen een overoptimistische blik 
hebben op de prognose van een ernstig zieke kankerpatiënt die op de IC worden opge-
nomen. Volgens hematologen en oncologen kunnen intensivisten juist te pessimistisch 
zijn. Het doel van de studie beschreven in dit hoofdstuk was om te bepalen of IC zorg-
verleners inderdaad onbewuste vooroordelen hebben ten opzichte van (de prognose 
van) ernstig zieke kankerpatiënten. Deze studie is een subanalyse van de DISPROPRICUS 
studie. Gedurende de studieperiode werd aan IC clinici gevraagd om dagelijks de zorg 
die geleverd wordt aan een individuele patiënt te beoordelen op proportionaliteit. 
Vervolgens werden de uitkomsten van patiënten met en zonder excessieve zorg (met en 
zonder ‘te veel zorg’ volgens IC clinici) vergeleken. Binnen die twee groepen werden de 
uitkomsten van patiënten met en zonder kanker vergeleken. Om te bepalen of er sprake 
is van een te optimistische of te pessimistische prognostische inschatting door IC clinici, 
werd er gebruik gemaakt van surrogaat markers. We vergeleken de tijd tot het instel-
len van behandelbeperkingen en de incidentie van ingestelde behandelbeperkingen 
met de daadwerkelijke mortaliteit. Als het risico op overlijden relatief hoger is dan de 
ingestelde behandelbeperkingen, kan dat een weerspiegeling zijn van prognostisch 
(over)optimisme. Als het risico op overlijden relatief lager is dan de ingestelde behan-
delbeperkingen, kan dat duiden op prognostische (over)pessimisme. Daarnaast kan een 
verschil tussen het bereiken van het gecombineerde eindpunt (dood, niet thuiswonend, 
een slechte kwaliteit van leven) en de hoeveelheid geuite meningen van excessieve 
zorg wijzen op een te optimistische of -pessimistische prognose door IC clinici. Gelet 
op onze resultaten waren vooroordelen bij IC clinici ten opzichte van kankerpatiënten 
onwaarschijnlijk. Als er echter meer patiënten overlijden, zonder een overeenkomstige 
toename in behandelbeperkingen, kan er sprake zijn van prognostische onwetendheid, 
onzekerheid of optimisme bij IC-artsen die geen mening van excessieve zorg hebben 
verstrekt, vooral bij patiënten met ongecontroleerde kanker. Deze studie benadrukt 
de noodzaak om intra- en interdisciplinaire ethische reflectie en de daaropvolgende 
besluitvorming op de IC te verbeteren.

Hoofdstuk 9
Beslissingen om een schriftelijke behandelbeperking in te stellen (SBB’s) kunnen een 
uitdaging zijn bij patiënten met een maligniteit op de IC. Actuele literatuur over SBB’s 
bij ernstig zieke kankerpatiënten die zijn opgenomen op de IC is schaars. Het doel van 
deze studie was om te onderzoeken wat de incidentie van SBB’s is in patiënten met 
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actieve kanker, patiënten in complete remissie (CR) en patiënten zonder kanker. Alle 
patiënten met een ongeplande IC-opname op de IC van het Erasmus MC in 2017 werden 
geïncludeerd en verdeeld in drie groepen: patiënten met een actieve maligniteit (on-
derzoekspopulatie), patiënten met CR en patiënten zonder maligniteit. Een SBB werd 
gedefinieerd als een schriftelijke instructie om geen levensreddende handelingen uit 
te voeren, zoals een reanimatie tijdens een hartstilstand. Het hebben van kanker was 
onafhankelijk geassocieerd met SBB’s tijdens een IC-verblijf. Patiënten met CR liepen 
niet meer risico op SBB’s. Of deze hogere incidentie van SBB’s bij patiënten met een ma-
ligniteit gerechtvaardigd is, is op zijn minst twijfelachtig en zal in toekomstig onderzoek 
moeten worden onderzocht.

Conclusie
Naast vele medische en technische uitdagingen op de IC, hebben we ook te maken met 
ethische uitdagingen. De resultaten van dit proefschrift suggereren dat IC-artsen zich 
bewust moeten zijn van de kwetsbaarheid van ernstig zieke kankerpatiënten. Idealiter 
heeft elk IC-team minimaal één IC-arts die gespecialiseerd in kankerpatiënten. Nauwe 
samenwerking tussen verwijzende specialisten en de IC-artsen is absoluut noodzakelijk. 
Bovendien wordt de beschikbaarheid van een medisch ethicus voor moeilijke ethische 
overwegingen ten zeerste aanbevolen. Besluitvorming uitsluitend op basis van vooroor-
delen over kanker is niet langer verantwoord. Beslissingen dienen gebaseerd te zijn op 
een betrouwbare inschatting van de (lange termijn) prognose, niveau van functioneren 
en kwaliteit van leven voor opname op de IC en vooral de ernst van de acute ziekte.
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Zonder hulp en steun van anderen was het me niet gelukt om dit proefschrift tot een 
goed einde te brengen. Ik wil iedereen die me geholpen heeft, naar me geluisterd heeft, 
me advies gegeven heeft, met me samengewerkt heeft, of er gewoonweg voor me was 
tijdens de ups en downs van mijn promotietraject dan ook hartelijk bedanken. Een aan-
tal mensen wil ik in dit dankwoord in het bijzonder bedanken. Als ik iemand onverhoopt 
vergeten ben, weet dat dit uiteraard niet mijn bedoeling was en dat mijn dank zeker niet 
minder groot is.

Promotoren en copromotoren
Jan bakker, beste Jan, allereerst wil ik jou graag bedanken. Toen ik begon aan mijn 
promotietraject was je al werkzaam in de Verenigde Staten, maar dat weerhield je er 
gelukkig niet van om mijn promotor te worden. Ook toen ik je vroeg of je akkoord was 
met een ‘joint doctorate’ met het UZ Gent reageerde je meteen heel positief. Ik wil je dan 
ook van harte bedanken voor deze mogelijkheid. Tijdens mijn promotietraject hebben 
we gesproken over het verschil in zorg tussen landen en dat er in de VS soms een com-
pleet ander beleid wordt nagestreefd dan hier in Nederland. Dankzij jou heb ik dan ook 
geleerd dat de medische wereld zoals we die in Nederland kennen niet altijd de norm 
is. Dit heeft niet alleen mijn kijk op de (medische) wereld veranderd, maar heeft me 
ook geleerd dat ik rekening moet houden met andere normen en waarden tijdens het 
opzetten, uitvoeren en opschrijven van onderzoek. Daarnaast hebben jouw adviezen en 
correcties mijn artikelen en proefschrift naar een hoger niveau getild. Bedankt dat je 
mijn promotor wilde zijn.

Dominique benoit, beste Dominique, vraag de Nederlandse medici om de zorg in Bel-
gië te beschrijven en ‘hiërarchisch’ zal een veelgenoemde opmerking zijn. Ik, als jonge, 
directe, Rotterdamse promovendus maakte me daar wel zorgen over voor onze eerste 
ontmoeting. Niets bleek meer onterecht. Ondanks je drukke agenda als afdelingshoofd 
van de IZ, stond jouw deur (en als ik in Rotterdam was een virtuele deur) altijd open. Je 
was laagdrempelig benaderbaar voor alle vragen en problemen (hoe klein ook) en hier-
mee heb je een grote rol gespeeld in de dagelijkse begeleiding van mijn promotietraject. 
Ik heb enorm veel geleerd van jouw kennis en kunde. Ik wil je daarom bedanken voor 
alle hulp en steun, de accurate en snelle reactie op de aan jou toegestuurde papers, jouw 
(kritische) opmerkingen, de uitleg, de gesprekken over allerlei onderwerpen (van ‘Italië 
als het perfecte vakantieland’ tot ‘theorieën van Freud’) en voor het feit dat je me soms 
hardop liet lachen (een mail over de ‘kleine commissie’ of een opmerking over de triage 
capaciteit van sommige specialisten). Dominique, bedankt voor de mogelijkheid om een 
‘joint doctorate’ te doen en dat je hierbij mijn promotor wilde zijn. Ik hoop dat ik in de 
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toekomst nog af en toe jouw expertise mag raadplegen en dat we elkaar later nog een 
keer tegenkomen tijdens een nieuwe multicenter studie.

erwin Kompanje, beste Kompanje, recent hoorde ik van je dat ik jouw ‘meest eigen-
wijze promovendus’ ben. Ik wil dit dankwoord dan ook beginnen met een welgemeend 
‘ja maar’. Ja maar… ondanks dat jij ‘mijn promotie was erg leerzaam’ een nietszeggende 
beschrijving vindt, denk ik echt dat het mijn promotietraject wel goed verwoordt. Wij 
waren het lang niet altijd met elkaar eens, maar door jouw kijk op onderzoek, op de 
medische wereld en op het leven in het algemeen is mijn blik op de wereld ook ver-
ruimd. Tijdens mijn promotietraject hebben wij over de meest uiteenlopende zaken 
gediscussieerd, van promotie gerelateerde onderwerpen zoals ‘hoe schrijf ik een goede 
discussie’ en ‘welke bronnen mag ik eigenlijk gebruiken’ tot compleet andere zaken 
zoals ‘er bestaan geen zielige patiënten’ en ‘resomeren is een veel milieuvriendelijkere 
optie dan begraven’. Regelmatig kreeg ik een compleet rood artikel van je terug, vaak 
met de opmerking ‘waarom dan? Geef een goede redenering’. Zoals jij het een keer 
omschreef: ‘als arts heb je geleerd dat een witte muur binnen de normaalwaarde valt, 
dus als de muur wit is, dan is het goed. Een onderzoeker (en zeker binnen de ethiek) 
moet zichzelf afvragen: waarom is die muur dan wit en is dat eigenlijk wel goed?’. Op 
die manier heb je me geleerd kritisch te kijken naar onderzoek, zowel naar mijn eigen 
artikelen als andere literatuur. Kompanje, bedankt dat je deze eigenwijze promovendus 
begeleid en geholpen hebt om mijn promotie tot een goed einde te brengen.

Jelle epker, beste Jelle, een tijdje terug vroeg je me om ‘feedback als copromotor’ 
voor je BKO portfolio. Mijn letterlijke woorden waren toen: ‘Ik ben erg bij met Jelle als 
copromotor. Hij is zeer laagdrempelig benaderbaar, waardoor ik met zowel inhoudelijke 
punten als persoonlijke problemen bij hem terecht kan. Hij biedt me een luisterend oor 
als ik het nodig heb, en helpt me met het zoeken naar oplossingen of steekt me een hart 
onder de riem. Hij heeft een goede balans tussen complimenten geven en kritiek leve-
ren. Hij zegt het wanneer iets goed is, maar ook wanneer iets beter kan. Als ik iets kan 
verbeteren, dan geeft hij ook een handvat over hoe ik het kan verbeteren. Daarnaast kan 
ik altijd bij hem langs om te discussiëren over inhoudelijke punten, waarbij hij goede 
inhoudelijke opmerkingen heeft.’ Jelle, ik denk dat deze tekst goed samenvat waarom 
ik dankbaar ben dat jij mijn copromotor wilde zijn. Je hebt me enorm geholpen met 
inhoudelijke opmerkingen en met motiverende gesprekken, maar ook met je humor 
en de talloze keren small talk aan ‘jouw bureau’. Je oprechte enthousiasme en betrok-
kenheid, niet alleen voor mijn promotietraject maar ook voor mijzelf, heb ik altijd erg 
gewaardeerd en heeft me zeker geholpen om deze promotie goed af te ronden. Bedankt 
dat je mijn copromotor wilde zijn! Natuurlijk was je niet alleen mijn copromotor, maar 
ook mijn ANIOS mentor op de IC. Ook daarvoor veel dank!
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Leden van de beoordelingscommissie
Vanzelfsprekend gaat mijn dank ook uit naar prof. dr. Karin van der Rijt, prof. dr. Fritz 
Offner, prof. dr. Johan Decruyenaere en prof. dr. Diederik van Dijk, die als leden van 
de beoordelingscommissie bereid waren om dit proefschrift te beoordelen. Hartelijk 
dank voor jullie snelle respons en nuttige suggesties en verbeteringen. Prof. dr. Karin 
van der Rijt, hartelijk dank dat u de taak als voorzitter van de beoordelingscommissie 
op u wilde nemen.

Co-auteurs
Nuray Kuşadasi, beste Nuray, zonder jou waren een aantal hoofdstukken van dit 
boekje niet tot stand gekomen. Bedankt voor je enthousiasme, je hulp en je steun, maar 
ook voor de gezellige (en soms motiverende) gesprekken in de auto van of naar het UMC 
Utrecht.

Wim Rietdijk, beste Wim, jij aarzelde niet om je ongezouten mening te geven de inhoud, 
de stijl of de opmaak van ons artikel en daarvan heb ik veel geleerd, dank daarvoor.

Overige co-auteurs, graag wil ik alle co-auteurs bedanken voor hun inbreng, aanvul-
lingen, opmerkingen en kritiek op de vele versies van alle manuscripten, de kwaliteit 
van de artikelen is hiermee zeker verbeterd.

Other co-authors, I would like to thank all co-authors for their input, additions, com-
ments and criticism on the many versions of all manuscripts, the quality of the articles 
has certainly improved because of your comments.

Collegae en oud collegae
Ditty van Duijn, beste Ditty, toen ik als voor mijn master onderzoek jong en onervaren 
op de onderzoeksafdeling van de IC terecht kwam, heb jij me geholpen de weg te vinden 
in (en tijdens de perikelen van) medisch wetenschappelijk onderzoek. Jij was ook één 
van de eersten die me vroeg of een promotietraject niet iets voor mij was, waarmee de 
eerste stap richting mijn promotietraject gezet werd. Ook tijdens mijn promotie heb je 
me geholpen en kon ik met al mijn vragen bij je terecht. Dankjewel hiervoor!

Patricia Ormskerk, beste Patricia, niet alleen heb je me enorm geholpen 
met mijn promotie (informed consent gesprekken, data verzamelen, 
follow-up telefoontjes, niets was je te veel), maar je hebt me ook in de 
lastige periodes opgevangen door een luisterend oor te bieden, advies te geven en me 
te helpen waar je kon, zelfs op momenten dat je het zelf ook lastig had. Van Dory hebben 
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we een belangrijke les geleerd: ‘just keep swimming’. Ik hoop dat we, zodra ik weer terug 
ben in het EMC, nog vaak koffie zullen drinken!

Melanie Glasbergen, beste Melanie, jij kwam later bij het team van de research coör-
dinatoren van de IC, maar ook jij hebt me enorm geholpen tijdens mijn promotie. Niet 
alleen met data verzamelen en follow-up, maar ook met een praatje of koffie moment 
als ik het nodig had. De kordate manier waarop je problemen aanpakt en afhandelt 
heeft mijn onderzoek (en ongetwijfeld ook andere onderzoeken op de IC) een stuk 
gemakkelijker gemaakt.

Alicia Vileito, beste Alicija, een tijdje heb jij het team van de IC research coördinatoren 
versterkt. Dit deed je altijd voor enthousiasme, terwijl je zelf ook nog een promotietra-
ject aan het doen was, ik heb daar altijd respect voor gehad. In die tijd heb je me enorm 
geholpen met onder andere data invoer. Dankjewel daarvoor.

Loes Mandigers, lieve Loes, jeetje als er iemand de definitie is van ‘hard werken’ dan 
ben jij het wel. Met jouw doorzettingsvermogen en inzet heb je mij regelmatig het goede 
voorbeeld gegeven. Bovendien deed je dit altijd zonder je collega’s uit het oog te ver-
liezen, ik kon jouw altijd vragen om hulp of advies. Niet alleen met promotie dingen, 
maar ook met andere dingen zoals bruiloft kapsels, lekkere (vegan) gerechten of waar je 
moet zijn voor de beste PVC vloeren in een nieuwbouwhuis. Dankjewel voor de leuke en 
gezellige momenten, maar ook voor al je steun!

Lisa Smit, lieve Lisa, ik kan me nog goed herinneren dat ik jou belde met een vraag 
over de EuRIDICE studie en dat ik naast een antwoord op mijn vraag ook een volledig 
psychiatrisch consult voor mijn patiënt van je kreeg. Dat is volgens mij precies hoe jij 
bent, een echte clinicus én onderzoekster. Ik wil ook jou bedanken voor alle steun en 
gezelligheid. Volgens mij zou er ergens in de onderzoekkamer nog steeds een roze fles 
wijn moeten zijn die we nog moeten opdrinken.

tim ewoldt, beste tim, volgens mij is er geen enkele vraag waar jij het antwoord niet 
op weet. En als je het antwoord onverhoopt toch niet weet, dan heb je binnen no time 
een antwoord gevonden. Ik kon bij jou regelmatig al mijn vragen kwijt, je was nooit te 
beroerd om met me mee te kijken of te denken. Daarnaast heb ik van jou geleerd hoe 
geweldig ratjes als huisdier zijn. Dankjewel voor alle hulp, adviezen of gewoon gezellige 
gesprekken.

Peter Somhorst, beste Peter, toen ik voor mijn masteronderzoek bij de afdeling re-
search van de IC terecht kwam, heb jij me enorm geholpen met het opzetten en uitvoe-
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ren van dat onderzoek. Hoewel er van het onderzoek niet veel terecht kwam, heb je me 
hiermee wel geënthousiasmeerd voor onderzoek op de IC en mede daardoor ben ik aan 
het promotietraject begonnen. Bedankt voor al je hulp tijdens mijn masteronderzoek en 
later tijdens mijn promotie.

Jantine Smit, beste Jantine,  op een gegeven moment werd jouw vaste plekje in de 
onderzoekskamer het bureau naast die van mij. Ik hoop dat ik je met mijn geklets over 
promoties, maar ook heel andere onderwerpen, niet te veel heb afgeleid. Ik vond het in 
ieder geval heel gezellig om jou als buurvrouw te hebben.

Marjolein timmers en ernest van Veen, lieve Marjolein en ernest, regelmatig zijn 
wij tot de conclusie gekomen dat puzzelen echt iets voor ons is en dat de meeste puz-
zels uiteindelijk op te lossen zijn, al ziet de oplossing er soms anders uit dan verwacht. 
De puzzel die jullie krijgen zit vol emoties en zou ‘impossible’ moeten zijn, maar met 
elkaars hulp is hij vast op te lossen. Bedankt dat jullie mij wilden helpen als ik niet altijd 
de puzzelstukjes meteen op de juiste plek kreeg.

beste Zoran trogrlic, Hans Vlake, Davy van de Sande en Mina Karami, dank voor 
de wijze raad en gezelligheid in de onderzoekskamer en daarbuiten tijdens (zeil)uitjes, 
koffie of borrels. Beste Mo egal, dank voor je hulp tijdens mijn masteronderzoek toen 
mijn onderzoek niet wilde vlotten, maar ook dat ik je als hulplijn kon gebruiken als 
beginnende ANIOS IC.

beste Lianne noordhuis en Marinus Hazenbroek, zonder jullie inzet was de data in-
voer van een mijn onderzoeken een stuk lastiger geworden, dank jullie wel. Ik hoop dat 
jullie een leerzame tijd gehad hebben en wellicht tot ziens in de kliniek.

beste els Forman, Karin Suvaal en Marja Kluver, hartelijk dank voor al jullie hulp met 
logistieke en administratieve zaken.

beste bram Gadeyne, Silvy Matthys, Lisa Malfait, Daisy Vermeiren, Stephanie 
bracke, Luc de Crop en Ine Moors, dank jullie wel voor de gastvrijheid als ik bij jullie in 
het UZ Gent kwam werken en voor alle hulp die jullie me gegeven hebben. Ik hoop jullie 
in de toekomst zeker nog te spreken!

All local investigators of the COHeSIS study, in particular Nick Wlazlo and Audrey de 
Jong, thank you so much for your commitment to the COHESIS study.
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Alle stafleden van de Intensive Care van het Erasmus MC, ik heb een ontzettend leuke 
en leerzame tijd gehad op de IC van het EMC. Jullie waren laagdrempelig benaderbaar 
voor al mijn vragen toen ik als ANIOS op de IC werkte. Daarnaast hebben jullie me enorm 
geholpen door geduldig alle vragenlijsten voor de COHESIS in te vullen. Dank jullie wel 
daarvoor! Diederik Gommers, dankjewel dat je me de kans hebt gegeven om een pro-
motietraject te doen op de IC. Rik Endeman, dank voor je onuitputtelijke enthousiasme 
voor onderwijsmomenten tijdens diensten en al je hulp bij mijn sollicitatie. Gerrie Prins, 
hartelijk dank voor je hulp bij de voorbereiding van mijn sollicitatie. Dinis Dos Reis Mi-
randa en Karin Bokhoven, dank voor de gezellige diensten en jullie steun bij mijn keuze 
voor de anesthesiologie. Johan van den Akker, de COHESIS vragenlijsten waren voor 
jou nooit een probleem. Dank voor je enthousiasme voor de COHESIS en voor de leuke 
diensten samen.

Alle fellows IC en arts-assistenten, regelmatig kwam ik jullie stalken voor de COHESIS 
vragenlijsten. Dank jullie wel voor het invullen en vooral voor het geduld als ik weer 
eens voor de 100e keer langskwam. Daarnaast heb ik ontzettend veel leuke en leerzame 
momenten met jullie mogen meemaken als ANIOS IC, jullie hebben het werk op de IC 
echt leuker gemaakt. Paul Blankman, wij zijn samen als ANIOS begonnen op de IC en 
hebben daarom dezelfde ‘ellende’ meegemaakt. Inmiddels ben je al een tijd mijn ‘favo 
ex-collega’. Wellicht zien we elkaar ergens weer terug als collega staflid anesthesiologie. 
In de tussentijd: sowieso dat jij meer walvis bent dan ik!

Alle IC verpleegkundigen, dank jullie wel dat jullie deze (beginnende) ANIOS IC onder 
jullie hoede hebben genomen en door lastige momenten heen geloodst hebben (ik heb 
veel van jullie geleerd), maar ook voor jullie oprechte interesse en voor alle gezellig-
heid en leuke momenten die we hebben meegemaakt. Natuurlijk ook veel dank voor 
jullie begrip en hulp met de COHESIS vragenlijsten, ik weet dat ik ontelbare keren jul-
lie gevraagd heb om ze in te vullen en ben erg blij met jullie bereidheid om te helpen. 
Sebastian Wagener en Mirjam van Fessem, jullie wil ik graag speciaal bedanken voor de 
ontzettend goede brief voor mijn sollicitatie.

beste Robert Jan Stolker, Markus Klimek, Caroline van der Marel en Aart Jan teu-
nissen, jullie hebben me de mogelijkheid gegeven om tijdens mijn opleiding de laatste 
loodjes van mijn promotietraject goed af te ronden. Dank jullie wel voor jullie steun 
hierbij.

beste AIOS anesthesiologie, met gezellige borrels en feesten, (veel) koffie drinken, 
oprechte belangstelling en rake humor op z’n tijd hebben jullie de combinatie van pro-
moveren en de opleiding doen een stuk gemakkelijker gemaakt. Dank jullie wel. Lieve 
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anesthesie noobs, lieve Yvonne Kuo, Brita Harjo en Isabella van Dijk, ik ben erg blij dat 
jullie tegelijk met mij gestart zijn met de opleiding anesthesiologie. Tijdens de borrels, 
koffietjes of etentjes kan ik altijd mijn verhaal bij jullie kwijt. Dank jullie wel voor alle 
gezelligheid en jullie luisterend oor op z’n tijd.

Beste stafleden anesthesiologie, zowel in het EMC als in het Maasstad voelde ik me 
meteen op mijn gemak en heb ik jullie als laagdrempelig en onderwijsgericht ervaren. 
Jullie hebben ervoor gezorgd dat mijn enthousiasme voor anesthesiologie nog groter 
is geworden. Natuurlijk gaat promoveren en de opleiding tegelijk doen niet altijd over 
rozen. Dank jullie wel voor de bemoedigende woorden, de belangstelling en steun.

Alle anesthesiemedewerkers, wat zou ik als AIOS anesthesiologie zonder jullie moe-
ten! Dank voor al jullie steun en hulp.

Vrienden en vriendinnen
Lieve vrienden en vriendinnen, bedankt dat jullie er afgelopen jaren waren voor me, 
dat jullie de moeite namen om naar mijn verhalen te luisteren en dat jullie ondanks 
mijn drukke agenda toch moeite bleven doen om af te spreken voor koffie, lunch, een 
avondje chillen met netflix, lekker uiteten of een weekendje weg. Ondanks dat ik nu in 
verwachting ben van een dochter, hoop ik na mijn promotietraject weer meer tijd te 
hebben voor jullie allemaal! Hoewel ik niet iedereen kan noemen in mijn dankwoord, 
wil ik graag een paar mensen uitlichten:

Lieve Frederique, al sinds wij elkaar kennen heb ik bewondering voor jouw praktische 
manier van denken en jouw organisatietalent. Tijdens mijn promotie heb ik je soms te 
weinig gezien, maar je stond altijd voor me klaar als ik dat nodig had. Misschien kunnen 
we binnenkort daadwerkelijk dat weekendje naar Otterlo plannen ;).  Samen met Jeroen 
en Pelle hebben wij pandemieën verslagen en geen reis (ruimte, diepzee) is ons te ver. 
Dank jullie wel voor de avonden vol afleiding en lekkere hapjes.

Lieve Milaine, jij begreep als geen ander de moeilijkheden en struggles van een promo-
tietraject. Met jou kon ik mijn zorgen delen, dan je stond altijd klaar met hulp, advies of 
een bemoedigend woord. Mede dankzij jou heb ik er altijd vertrouwen in gehouden dat 
ik mijn promotietraject goed kon afronden. Hoewel je goed voor jezelf kan opkomen 
(hoorde ik nou laatst ‘ik voel de woorden heks opkomen’? :P) waardeer ik jouw oprechte 
betrokkenheid en liefheid (niet alleen voor mijn promotie, maar ook in het leven alge-
meen) enorm!
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Lieve Eva, ik waardeer jouw eerlijkheid en de manier waarop tijdens gesprekken duide-
lijkheid kan scheppen met goed gestelde vragen en opmerkingen. Hoewel de gesprek-
ken lang niet altijd over mijn promotietraject gingen, heb je me hiermee wel tijdens deze 
periode regelmatig geholpen om wat meer rust te krijgen in mijn hoofd.

Lieve Thomas en Rochus, ik heb jullie leren kennen als partners van Milaine en Eva, maar 
tegenwoordig kan ik jullie echt tot mijn vrienden rekenen. Ik hoop nog vele gezellige 
avonden en  weekendjes in Otterlo!

Lieve Karen, mijn ‘oudste’ vriendinnetje, wij kennen elkaar al bijna 30 jaar! Ik heb be-
wondering voor jouw doorzettingsvermogen, mede dankzij jou weet ik dat niet alleen 
medici hard werken en lange dagen maken ;).

Lieve Lydia, lieve Lydje, jouw liefheid en positieve kijk op het leven hebben mij enorm 
geholpen, niet alleen tijdens mijn promotietraject, maar al vanaf dat ons vriendschap 
17 jaar geleden begon!

Lieve Vera, hoewel jij geen medische achtergrond hebt, was je altijd bereid om te luis-
teren naar alle successen maar ook de perikelen van mijn onderzoek. Nu je een stuk 
dichter in de buurt woont en we naar elkaar kunnen fietsen, hoop ik dat wel elkaar een 
stuk vaker gaan zien!

Lieve Emma en Merlijn, door onze drukke agenda’s kwamen de ‘lieve vriendinnetjes’ he-
laas lang niet genoeg bij elkaar, maar ondanks dat hebben jullie altijd interesse getoond 
en kon ik altijd bij jullie terecht.

Lieve Naomi en Heleen, lieve grote vriendin en piepbeestje, lieve Eurekaweekvriendin-
netjes, jullie vriendschap al vanaf het begin van de studie waardeer ik zeer. In deze 
periode hebben we alle drie op onze eigen manier moeilijke momenten meegemaakt 
(of maken we die nog steeds mee). Ik heb met jullie en dankzij jullie geleerd om erop te 
vertrouwen dat alles uiteindelijk toch goedkomt!

Lieve Sanne en Jochem, lieve Hidden Sea Fish, het lijkt nog zo kort geleden, de master 
geneeskunde, maar intussen zijn wij toch al zeker 10 jaar vrienden. Dank jullie wel voor 
de oprechte interesse en alle gezellige momenten samen.

Familie
Lieve papa en mama, zonder jullie liefdevolle opvoeding waarbij we altijd werden 
aangemoedigd om het beste uit onszelf te halen had ik nooit de basis gehad om de 
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opleiding geneeskunde en daarna deze promotie goed te kunnen afronden. Bedankt 
voor jullie trots, voor jullie onvoorwaardelijke steun, voor al jullie hulp en met name ook 
voor alle liefde die ik van jullie heb mogen ontvangen. Jullie zijn de beste ouders die ik 
me kan wensen, ik hou van jullie!

Lieve Philip, lieve Flip, mijn allerliefste tweelings. Wie kan je beter als paranimf vragen 
dan je eigen tweelingbroer, die ook nog is op dezelfde afdeling van hetzelfde ziekenhuis 
een promotietraject doet. Al vanaf ons geboorte helpen en steunen wij elkaar. Ik had 
niet alleen deze promotie, maar eigenlijk allerlei belangrijke dingen in mijn leven, dan 
ook niet kunnen doen zonder jouw humor, jouw relativeringsvermogen en jouw steun.

Lieve Daniël, lieve grote broer. Een tweeling zusje en broertje die inmiddels allebei arts 
zijn, samen met 2 apothekers als ouders, dan wordt het wel een heel medische familie. 
Gelukkig ben jij ons gezonde tegengewicht, jij bent na je studie biomedische techno-
logie als ingenieur totaal een andere richting op gegaan, waardoor gelukkig niet alle 
gesprekken thuis op medische verhalen uitdraaien. Jij was dan ook in staat om me af te 
leiden van mijn hele promotietraject als ik even geen behoefte had aan promotiepraat 
of überhaupt medici in het algemeen. Ik ben dan ook erg blij dat ook jij mijn paranimf 
wilt zijn. 

Lieve Nathalie, als je tweelingbroer een vriendin krijgt, dan worden er hoge eisen gesteld 
aan die vriendin. Gelukkig voldoe jij geheel aan alle verwachtingen. Ik ben blij met jou 
als schoonzusje. Daarbij heb jij ook nog is je artistieke talent losgelaten op de voorkant 
van mijn boekje, dankjewel!

Lieve Frederike, natuurlijk moet de vriendin van mijn oudere broer minstens even slim 
en leuk zijn. Gelukkig is dat gelukt. Ook bij jou kon ik altijd terecht voor een goed ge-
sprek over iets anders dan geneeskunde of mijn promotie. Dankjewel voor alle geduld 
afgelopen jaren als er weer (te) veel over promoties of medische onderwerpen gepraat 
werd.

Lieve schoonfamilie, lieve Koos, Anita en Puk, ik kan me geen betere schoonfamilie 
wensen dan jullie. Jullie steun, hulp, interesse en liefde hebben me enorm geholpen. 
Hopelijk is de kleine Anna meer in spelletjes geïnteresseerd dan ik ;).

Lief klein meisje, lieve Anna, hoewel je nu nog in mijn buik zit, zal je zo meteen tijdens 
mijn verdediging alweer een paar maandjes oud zijn. Tijdens het schrijven van dit dank-
woord, heb je me aardig afgeleid met je gewiebel en geschop, maar je bent meer dan 
welkom en ik kijk erg uit naar je komst.
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Lieve Pelle, tijdens het schrijven van het dankwoord heb ik tegen je geklaagd dat het 
soms heel moeilijk is om de juiste woorden te vinden. Dat geldt bij jou nog meer. Hoe 
kan ik mijn liefde voor jou en mijn dankbaarheid op een stukje papier kwijt. Gelukkig zei 
je tegen mij: een gewoon ‘dankjewel Pelle’ is genoeg. Dus bij deze: ‘dankjewel Pelle, voor 
alles wat je voor me gedaan hebt, voor al je steun, voor al je adviezen, voor je eindeloze 
geduld en voor al je liefde.’ Ik hou van je!


