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Abstract
Introduction: Increasing numbers of cancer patients are being admitted to the intensive care

unit (ICU), either for cancer-related complications or for treatment-associated side effects,



yet there are relatively few data concerning the epidemiology and prognosis of cancer
patients admitted to general ICUs. The aim of this study was to assess the characteristics of
critically ill cancer patients, and to evaluate their prognosis.

Methods: This was a substudy from the Sepsis Occurrence in Acutely Il Patients (SOAP)
study, a cohort, multicenter, observational study which included data from all adult patients
admitted to one of 198 participating ICUs from 24 European countries during the study
period. Patients were followed up until death, hospital discharge, or for 60 days.

Results: Of the 3147 patients enrolled in the SOAP study, 473 (15%) had a malignancy: 404
(85%) with solid tumors and 69 (15%) with hematological cancer. Patients with solid
cancers had the same severity of illness as the non-cancer population, but were older, more
likely to be a surgical admission, and had a higher frequency of sepsis. Patients with
hematological cancer were more severely ill and more commonly had sepsis, acute lung
injury/acute respiratory distress syndrome, and renal failure than patients with other
malignancies; these patients also had the highest hospital mortality rate (58%). The outcome
of all cancer patients was comparable with that in the non-cancer population, with a 27%
hospital mortality rate. However, in the subset of patients with more than 3 failing organs,
more than 75% of patients with cancer died compared to about 50% of patients without
cancer (p=0.01).

Conclusions: In this large European study, patients with cancer were more often admitted to
the ICU for sepsis and respiratory complications than other ICU patients. Overall, the
outcome of patients with solid cancer was similar to that of ICU patients without cancer;

patients with hematological cancer had a worse outcome.



Introduction

Remarkable advances have been made in the early diagnosis and aggressive management of
patients with malignancies, resulting in dramatic improvements in overall survival rates [1,
2]. As aresult, increasing numbers of patients are admitted to the intensive care unit (ICU),
either for cancer-related complications or for treatment-associated side effects [3]. Several
studies have reported very high mortality rates for cancer patients after a long ICU stay,
especially when they had leukopenia [4] or required mechanical ventilation [5], and
aggressive management of life-threatening complications in these patients has been
questioned [6]. In a prospective, longitudinal study performed in 26 ICUs, Azoulay et al.
found that cancer patients were at a high risk of being denied ICU admission [7], in
accordance with articles discouraging ICU admission or prolonged intensive care for cancer
patients [6, 8]. However, other studies have highlighted reduced mortality rates in critically
ill patients with cancer [9, 10], and the development of new procedures, such as non-invasive
mechanical ventilation, may enable recommendations for [CU admission and appropriate
utilization of ICU resources for cancer patients to be altered [11].

Several large epidemiologic studies have provided findings on prognostic factors for
cancer patients admitted to the ICU [1, 12, 13], but these studies essentially concerned
specialized oncological ICUs, so that extrapolation to general ICUs and hospitals can be
difficult. There are several issues of particular interest: First, are mortality rates different for
patients with and without cancer in a general ICU? In particular, as sequential assessment of
organ failure is fundamental to predict outcome in the general ICU population [14], it would
be interesting to know whether the relationship between the number of acute organ failures
and mortality is different in patients with and without malignancy. Second, sepsis remains
one of the major causes of admission for cancer patients in the ICU and is an important

cause of hospital mortality and morbidity [15]. Moreover, treatment of cancer has



contributed to a growing number of immunocompromised patients with an increased
incidence of nosocomial infections [16]; immunosuppression can result in a greater use of
antibiotics, and more infections associated with multiresistant micro-organisms [17]. It is,
therefore, also important to define whether cancer patients have more sepsis episodes and
sepsis-related organ dysfunctions than non-cancer patients.

The Sepsis Occurrence in Acutely 111 Patients (SOAP) study [15] collected a large
amount of data on all patients admitted to general (non-specialized) ICUs during a 2-week
period. As there are relatively few data concerning the epidemiology and prognosis of cancer
patients admitted to general ICUs or the epidemiology and patterns of sepsis syndromes in
these patients [17, 18], the aim of this study was to assess the characteristics of critically ill

cancer patients, and to evaluate their prognosis.

MATERIALS AND METHODS

Study Design

This study was a substudy of the prospective, multiple-center, observational SOAP study.
The SOAP study [15] was designed to evaluate the epidemiology of sepsis and to identify
various etiological, diagnostic, therapeutic and prognostic factors of ICU patients in
European countries, and was endorsed by the European Society of Intensive Care Medicine.
Since this observational study did not require any deviation from routine medical practice,
institutional review board approval was either waived or expedited in participating
institutions and informed consent was not required. As such, no supplementary review board
documents were needed for the current sub-study. All patients >15 years old newly admitted
to the ICU of a participating center (see the list of participating countries and centers in the
Appendix) between May 1 and May 15, 2002, were included. Patients were followed up

until death, hospital discharge, or for 60 days, whichever came first. Those who stayed in the



ICU for <24 hrs for routine postoperative observation were excluded. Patients who were
readmitted and had been included on their first admission were not included for a second
time.

Definitions

Full definitions are provided in an earlier publication [15]. Infection was defined as the
presence of a pathogenic micro-organism in a sterile site (such as blood, abscess fluid,
cerebrospinal fluid, or ascitis) and/or clinically suspected infection, plus the administration
of antibiotics. Sepsis was defined according to standard criteria [19]. ICU-acquired sepsis
was defined as sepsis occurring more than 48 hours after admission to the ICU. Patients
were defined as having acute lung injury (ALI) or acute respiratory distress syndrome
(ARDS) if the arterial oxygen pressure to inspiratory oxygen fraction ratio (PaO,/FiO;) was
less than 300 for ALI and less than 200 for ARDS and all of the following were present:
bilateral infiltrates on the chest radiograph; no clinical evidence of heart failure; no chronic
pulmonary disorders; mechanical ventilation. Organ failure was defined as a Sequential
Organ Failure Assessment (SOFA) score >2 for the organ in question [20]. Patients were
classified as surgical admissions if they had undergone surgery within 2 weeks preceding
admission.

Cancer was identified as solid or hematological malignancy diagnosed before
admission to the ICU. For solid tumors, the presence of metastases was also recorded.
Patients with a prior history of cancer and with complete remission for over 5 years were not
considered in the cancer group. Leukopenia was defined as a white blood cell count
<1000/mm°, and severe thrombocytopenia by a platelet count <50000/mm” [19].

Data Management
Data were collected prospectively using pre-printed case report forms following instructions

available on a dedicated website. The steering committee was easily accessible to the



investigators and processed all queries during data collection. Data collection on admission
included demographic data and comorbid diseases. Clinical and laboratory data for the
Simplified Acute Physiology Score (SAPS) II [21] were reported as the worst value within
24 hrs after admission. Microbiological and clinical infectious data were reported daily as
well as the antibiotics administered. A daily evaluation of organ function based on the SOFA
score [14] was performed, with the most abnormal value for each of six organ systems (i.e.,
respiratory, renal, cardiovascular, hepatic, coagulation, and neurologic) being collected on
admission and every 24 hrs thereafter. Data collection and quality control are described

elsewhere [15].

Statistical Analysis

Data were analyzed using SPSS 13.0 for Windows (SPSS Inc., 2004). Descriptive statistics
were computed for all study variables. A Kolmogorov-Smirnov test was used, and
histograms and normal-quantile plots were examined to verify the normality of distribution
of continuous variables. Discrete variables are expressed as counts (percentage) and
continuous variables as means + standard deviation (SD) or median (25th — 75th percentiles).
For demographics and clinical characteristics of the study groups, differences between
groups were assessed using a chi-square, Fisher’s exact test, Student’s t-test or Mann-
Whitney U test, as appropriate.

Multivariate logistic regression analysis with hospital mortality as the dependent
variable was conducted in patients with solid and hematological cancer. Only variables
associated with a higher risk of hospital mortality (p<0.25) on a univariate basis were
introduced in the multivariate model. Colinearity between variables was excluded prior to
modeling. A Hosmer-Lemeshow goodness-of-fit test was performed and Nagelkerke pseudo

1%, classification tables, and odds ratios (OR) with 95% confidence interval (CI) were



computed. Variables considered in the analysis were, therefore, demographic variables, co-
morbidities, SAPS II score on admission, organ failure as assessed by the SOFA score on
admission, presence of metastases, type of admission (medical or surgical), reason for
admission, sepsis, source of infection, type of micro-organism (Pseudomonas aeruginosa,
methicillin-resistant Staphylococcus aureus, Escherichia coli, Candida spp) following
results of descriptive data on infection incidence, mechanical ventilation, renal replacement
therapy (hemofiltration or hemodialysis), administration of inotropes and/or vasopressor
agents, presence of leukopenia, thrombocytopenia, ALI or ARDS. Kaplan-Meier survival
curves were plotted and compared using a signed logrank test. All statistics were two-tailed

and a p<0.05 was considered significant.

RESULTS

Demography

From 3147 patients enrolled during the study period, 473 (15%) had a malignancy. Of these,
69 (15%) had hematological cancer and 404 (85%) had solid tumors, of whom 100 had
evidence of metastases. The patients with solid tumors were older than the patients without
cancer and were more commonly male (Table 1). Surgical admissions accounted for nearly
70% of the patients with solid cancer compared to 41% of those without cancer, and 20% of
those with hematological cancer (Table 1). Gastrointestinal (GI), thoracic, and
renal/urological surgery were more common, and cardiovascular and neurosurgery less
common, in patients with solid tumors than in those without cancer. Cancer patients were
more commonly admitted for respiratory reasons, but less commonly for acute neurological
diseases and trauma. SAPS II and SOFA scores were comparable in patients with solid
tumors and those without cancer, but both scores were significantly higher in patients with

hematological cancer than in those without cancer. The median lengths of stay in the ICU



were quite similar in the three groups, but cancer patients had longer hospital stays than
those without cancer. Co-morbidities were different among the groups, with a lower
prevalence of cardiac insufficiency in patients with solid tumors, and more patients with
acquired immunodeficiency syndrome (AIDS) in patients with hematological cancer.
Corticosteroids and chemotherapy were more commonly used in patients with cancer than in

those without.

Frequency, Distribution and Patterns of Sepsis

Of 1177 (37% of the total population) patients with identified infection, 217 (18%) had
cancer (Table 1). More patients with hematological cancer had severe sepsis and septic
shock than patients without cancer, already on admission. There was no difference in the rate
of ICU-acquired infections among the three groups. The most common site of infection in all
three groups, both at admission and during the ICU stay, was the lung (Table 2). Abdominal
infections occurred more frequently in patients with solid cancer compared with patients
without cancer. Patients with hematological cancer had more episodes of bacteremia than
patients without cancer. The most common microorganisms are presented in Table 2.
Escherichia coli was more frequently isolated in cancer patients than in patients without
cancer. There was no significant difference in the microorganisms recovered from blood

cultures (data not shown).

Organ dysfunction

Renal (37% vs 29%, p=0.01) and neurological (26% vs 20%, p=0.02) dysfunction were less
common in patients with solid tumors than in those without cancer, and these differences
were already present at admission. Patients with hematological cancer more commonly had

respiratory (55% vs 40%, p=0.01), circulatory (50% vs 32%, p=0.001), and especially



coagulation (45% vs 8%, p<0.001) dysfunction during the ICU stay than patients without
cancer. As expected, leukopenia was more common in patients with solid tumors and in
patients with hematological cancer (Table 3). Patients with hematological cancer had lower
Pa0O,/FiO; ratios and a higher incidence of ALI/ARDS than patients without cancer. There
were no differences in the number of failing organs per day [median 2.0 (IQR 1.0-3.0)] for
the three groups, however the mean number of organ failures was higher in patients with
hematological cancer than in patients without cancer (p=0.02). Figure 1 shows the number of
organs failing and the corresponding mortality. Hospital mortality increased with the number
of organs failing, especially in cancer patients when more than 3 organs failed (121/241

[50%] non-cancer patients vs. 29/37 [78%] patients with cancer, p=0.01).

Monitoring and therapy
Arterial catheters were more commonly used in patients with hematological cancer, but
pulmonary artery catheters were less commonly used in patients with solid tumors (Table 3),
and this difference was not explained by the type of surgery (cardiac surgery in particular) or
the frequency of heart failure in a multivariable analysis.

Mechanical ventilation was used in more than 60% of patients with similar median
duration. Patients with hematological cancer were more often treated with hemofiltration,

vasopressors, and inotropes.

Outcome

ICU (20% vs 18%) and hospital (27% vs 23%) mortality rates were similar in patients with
solid tumors and those without cancer, but medical patients had a higher hospital mortality
rate than surgical patients (41% vs. 21%, p<0.001). However in multivariable analysis,

surgical status was not an independent predictor of mortality in solid cancer patients.



Patients with hematological cancer had higher ICU (42% vs. 18%) and hospital (58% vs
23%) mortality rates than non-cancer patients (both p<0.001) (Figure 2). The same pattern
was present when only the patients with sepsis were analyzed in the three groups (Figure 3).
In a multivariable analysis, in the patients with solid tumors, SAPS II score, sepsis,
ALI/ARDS, and mechanical ventilation were associated with increased hospital mortality
(Table 4). In patients with hematological cancer, SAPS 1II score and ALI/ARDS were

associated with increased hospital mortality (Table 5).

DISCUSSION

This study showed that 15% of patients admitted to European ICUs have cancer (mostly
solid tumors). Previous studies described only oncological patients in specialized ICUs [4-6],
or were based on retrospective analyses of patients admitted to a single center without
comparison with a non-cancer population [1, 10, 22]. Analysis of a large American database
of more than 7 million adult hospital admissions showed that only 9% of admissions were
associated with a diagnosis of cancer [23]; however no specific data were presented on ICU
admissions. Overall in our study, the outcome of patients with solid cancer was comparable
with that of the general ICU population, with a 27% hospital mortality rate. However, in
patients with more than 3 organs failing, more than 75% of patients with cancer died
compared to 50% of patients without cancer.

We report our results separately for patients with solid and hematological
malignancies as these populations are quite different [10]. Patients with hematological
cancers were more severely ill and more commonly had sepsis than patients without cancer,
resulting in the highest ICU and hospital mortality rates. The poor prognosis of patients with
hematological malignancies who require ICU admission has been well documented, with

global hospital mortality rates of 45-55% [22, 24], increasing to 72% when mechanical



ventilation is required [25]. However, recent reports have stressed that aggressive treatment
of critical illness events, as well as starting chemotherapy in the ICU for a life-threatening
malignancy-related complication, can be lifesaving even when infection or organ failure is
present [26].

In contrast, patients with solid tumors had similar severity scores and general profiles
to the non-cancer population; they were somewhat older and more commonly had sepsis,
factors associated with a worse outcome, but they were more commonly surgical admissions,
a factor generally associated with a better outcome than medical admissions [27].

The ICU mortality rate for cancer patients in our study is lower than that previously
reported [28]; however a direct comparison is difficult because of the lack of data on the
origin of cancer in our study and the possibility that less “aggressive” malignancies could
have been included. More recent papers have reported ICU mortality rates of 40-69% [22,
24, 29, 30]; a lower mortality rate of just 10% was reported in one study but half of the
patients were admitted for uncomplicated monitoring [31].

The intensity of treatment was the same in cancer patients as in the general
population, as shown by the similar use of mechanical ventilation, vasoactive agents, and
hemofiltration. Patients with solid tumors were less likely to be monitored with a pulmonary
artery catheter, and this was not explained by the differences in heart surgery or by the
higher frequency of cardiac failure.

Sepsis is one of the major causes of ICU admission for cancer patients and is an
important cause of hospital mortality and morbidity. Cancer has been reported in about 17%
of medical admissions associated with sepsis [18, 32], with a higher incidence in patients
with hematological cancer, probably because of associated leukopenia [33]. Indeed, infection
was the main cause of admission for these patients (52%) in our study with a predominance

of respiratory infections, as reported previously [17, 34, 35]. Apart from a higher incidence



of E. coli and abdominal infections in patients with solid tumors than in non-cancer patients,
which could not be explained by the larger number of surgical admissions in solid tumor
patients nor by the incidence of surgical wound infections, we found a similar spectrum of
microorganisms in patients with and those without cancer, even for infections due to
Candida species, which are usually more common in leukopenic cancer patients [36]. ICU-
acquired infection rates were also comparable. These observations suggest that these patients
can be treated with the same antibiotic protocols as other ICU patients if there is no febrile
neutropenia.

A multivariable analysis identified a higher severity score and the presence of
ALI/ARDS as independent prognostic factors for hospital mortality in patients with
hematological cancers, and a higher SAPS 1II score, mechanical ventilation, presence of
sepsis, and presence of ALI/ARDS in solid cancer patients. APACHE II [37] and SAPS II
[38] scores have been specifically validated in certain groups of critically ill cancer patients.
The SOFA score also has good prognostic value in critical hemato-oncologic disease,
suggesting that outcome for ICU cancer patients is determined primarily by the organ
dysfunctions induced by complications rather than by the stage of the underlying malignancy
[12, 39, 40]. Our study confirms that survival is dependent on the number of organ failures
and that respiratory insufficiency, especially when mechanical ventilation is required [13,
41-43], is associated with the highest risk of death.

A limitation of our study, which was not focused specifically on cancer patients, is
that we had no specific information about the characteristics of the cancer, including type,
stage, histological findings, anticancer treatments, or performance status. The defined groups
of ‘solid’ and ‘hematological’ cancers encompass different diseases with different biological
behaviors and severities, thus we could not correlate mortality to these characteristics.

However, in the ICU setting, the physiological changes induced by the acute illness may



represent the major determinant for the outcome of patients more than cancer-related
characteristics [4]. In addition, the group of cancer patients with more than 3 organ failing
was small and conclusions on the influence of organ dysfunction on mortality should be
made with caution. Finally, decisions to limit therapy, and particularly “do not resuscitate”

(DNR) orders, were not recorded.

Conclusions

The interesting aspect of our study was the inclusion of consecutive admissions of cancer
and non-cancer patients during the same, albeit limited, time period. This study can be seen
as an audit of clinical practice in Europe concerning the admission of patients with cancer to
the ICU, the intensity of treatment, and the types of complications. Thus, our results have
ethical implications. Malignancies are becoming increasingly common, especially as the
population ages, and cancer patients will likely represent an increasing proportion of ICU
populations. As the mortality rate in patients with cancer in our study was similar to that
reported in recent studies and cancer patients underwent complete resuscitation and
monitoring, our observations suggest that patients with a poor functional status or refractory
malignancy are not being admitted to the ICU; treatment of critical complications resulted in
acceptable rates of ICU mortality, without evidence of futile therapy. Similar to previous
observations [3, 13, 38], our study emphasizes that ICU admission should not be denied only

on the basis of a patient having a neoplastic disease.



Key Messages
e Fifteen percent of patients admitted to European ICUs have cancer
e ICU and hospital mortality rates were similar in patients with solid tumors and those
without cancer
e Our study emphasizes that ICU admission should not be denied only on the basis of a

patient having a neoplastic disease

Abbreviations

AIDS: Acquired immunodeficiency syndrome
ALI: Acute lung injury

ARDS: Acute respiratory distress syndrome
CI: Confidence interval

DNR: Do-not-resuscitate

FiO;: Inspired fraction of oxygen

ICU: Intensive care unit

OR: Odds ratios

PaO,: Arterial partial pressure of oxygen
SAPS: Simplified acute physiology score
SD: Standard deviation

SOAP: Sepsis in Acutely ill Patients

SOFA: Sequential organ failure assessment



Competing interests

The authors declare that they have no competing interests.

Authors’ contributions

JLV conceived the initial SOAP study. AA, CS, RM, YS, and JLV participated in the design
and coordination of the SOAP study. YS performed the statistical analyses. FT and JLV

drafted the present manuscript. All authors read and approved the final manuscript.

Acknowledgements

The SOAP study was endorsed by the European Society for Intensive Care Medicine, and
supported by an unlimited grant from Abbott, Baxter, Eli Lilly, GlaxoSmithKline, and
NovoNordisk.



References

Staudinger T, Stoiser B, Mullner M, Locker GJ, Laczika K, Knapp S, Burgmann H,
Wilfing A, Kofler J, Thalhammer F, Frass M: Outcome and prognostic factors in
critically ill cancer patients admitted to the intensive care unit. Crit Care Med

2000; 28:1322-1328.

. Brenner H: Long-term survival rates of cancer patients achieved by the end of

the 20th century: a period analysis. Lancet 2002; 360:1131-1135.

. Azoulay E, Afessa B: The intensive care support of patients with malignancy: do

everything that can be done. Intensive Care Med 2006; 32:3-5.

. Regazzoni CJ, Irrazabal C, Luna CM, Poderoso JJ: Cancer patients with septic
shock: mortality predictors and neutropenia. Support Care Cancer 2004; 12:833-

839.

Groeger JS, White P, Jr., Nierman DM, Glassman J, Shi W, Horak D, Price K:
Outcome for cancer patients requiring mechanical ventilation. J Clin Oncol

1999; 17:991-997.

. Rubenfeld GD, Crawford SW: Withdrawing life support from mechanically

ventilated recipients of bone marrow transplants: a case for evidence-based

guidelines. Ann Intern Med 1996; 125:625-633.

. Azoulay E, Pochard F, Chevret S, Vinsonneau C, Garrouste M, Cohen Y, Thuong M,
Paugam C, Apperre C, De Cagny B, Brun F, Bornstain C, Parrot A, Thamion F,

Lacherade JC, Bouffard Y, Le Gall JR, Herve C, Grassin M, Zittoun R, Schlemmer



10.

11.

12.

13.

B, Dhainaut JF: Compliance with triage to intensive care recommendations. Crit

Care Med 2001; 29:2132-2136.

Faber-Langendoen K, Caplan AL, McGlave PB: Survival of adult bone marrow
transplant patients receiving mechanical ventilation: a case for restricted use.

Bone Marrow Transplant 1993; 12:501-507.

Khassawneh BY, White P, Jr., Anaissie EJ, Barlogie B, Hiller FC: Outcome from
mechanical ventilation after autologous peripheral blood stem cell

transplantation. Chest 2002; 121:185-188.

Kress JP, Christenson J, Pohlman AS, Linkin DR, Hall JB: Outcomes of critically ill
cancer patients in a university hospital setting. Am J Respir Crit Care Med 1999;

160:1957-1961.

Hilbert G, Gruson D, Vargas F, Valentino R, Gbikpi-Benissan G, Dupon M, Reiffers
J, Cardinaud JP: Noninvasive ventilation in immunosuppressed patients with
pulmonary infiltrates, fever, and acute respiratory failure. N Engl J Med 2001;

344:481-487.

Sculier JP, Paesmans M, Markiewicz E, Berghmans T: Scoring systems in cancer
patients admitted for an acute complication in a medical intensive care unit. Crit

Care Med 2000; 28:2786-2792.

Maschmeyer G, Bertschat FL, Moesta KT, Hausler E, Held TK, Nolte M, Osterziel
KJ, Papstein V, Peters M, Reich G, Schmutzler M, Sezer O, Stula M, Wauer H,
Wortz T, Wischnewsky M, Hohenberger P: Outcome analysis of 189 consecutive

cancer patients referred to the intensive care unit as emergencies during a 2-

year period. Eur J Cancer 2003; 39:783-792.



14.

15.

16.

17.

18.

19.

20.

Vincent JL, Moreno R, Takala J, Willatts S, de Mendonga A, Bruining H, Reinhart
CK, Suter PM, Thijs LG: The SOFA (Sepsis-related Organ Failure Assessment)

score to describe organ dysfunction/failure. Intensive Care Med 1996; 22:707-710.

Vincent JL, Sakr Y, Sprung CL, Ranieri VM, Reinhart K, Gerlach H, Moreno R,
Carlet J, Le Gall JR, Payen D: Sepsis in European intensive care units: results of

the SOAP study. Crit Care Med 2006; 34:344-353.

Velasco E, Thuler LC, Martins CA, Dias LM, Goncalves VM: Nosocomial
infections in an oncology intensive care unit. Am J Infect Control 1997; 25:458-

462.

Berghmans T, Crokaert F, Markiewicz E, Sculier JP: Epidemiology of infections in
the adult medical intensive care unit of a cancer hospital. Support Care Cancer

1997; 5:234-240.

Danai PA, Moss M, Mannino DM, Martin GS: The epidemiology of sepsis in

patients with malignancy. Chest 2006; 129:1432-1440.

ACCP-SCCM Consensus Conference: Definitions of sepsis and multiple organ
failure and guidelines for the use of innovative therapies in sepsis. Crit Care Med

1992; 20:864-874.

Vincent JL, de Mendonga A, Cantraine F, Moreno R, Takala J, Suter P, Sprung C,
Colardyn FC, Blecher S: Use of the SOFA score to assess the incidence of organ
dysfunction/failure in intensive care units: Results of a multicentric, prospective

study. Crit Care Med 1998; 26:1793-1800.



21.

22.

23.

24.

25.

26.

Le Gall J-R, Lemeshow S, Saulnier F: A new simplified acute physiology score
(SAPS II) based on a European/North American multicenter study. JA M A

1993; 270:2957-2963.

Bruennler T, Mandraka F, Zierhut S, Siebig S, Wrede C, Klebl F, Holler E,
Salzberger B, Schoelmerich J, Langgartner J: Outcome of hemato-oncologic
patients with and without stem cell transplantation in a medical ICU. Eur J Med

Res 2007; 12:323-330.

Williams MD, Braun LA, Cooper LM, Johnston J, Weiss RV, Qualy RL, Linde-
Zwirble W: Hospitalized cancer patients with severe sepsis: analysis of incidence,

mortality, and associated costs of care. Crit Care 2004; 8:R291-R298.

Ferra C, Marcos P, Misis M, Morgades M, Bordeje ML, Oriol A, Lloveras N, Sancho
JM, Xicoy B, Batlle M, Klamburg J, Feliu E, Ribera JM: Outcome and prognostic
factors in patients with hematologic malignancies admitted to the intensive care

unit: a single-center experience. Int J Hematol 2007; 85:195-202.

Azoulay E, Alberti C, Bornstain C, Leleu G, Moreau D, Recher C, Chevret S, Le
Gall JR, Brochard L, Schlemmer B: Improved survival in cancer patients

requiring mechanical ventilatory support: impact of noninvasive mechanical

ventilatory support. Crit Care Med 2001; 29:519-525.

Benoit DD, Depuydt PO, Vandewoude KH, Offner FC, Boterberg T, De Cock CA,
Noens LA, Janssens AM, Decruyenaere JM: Outcome in severely ill patients with
hematological malignancies who received intravenous chemotherapy in the

intensive care unit. /ntensive Care Med 2006; 32:93-99.



27.

28.

29.

30.

31.

32.

33.

Brun-Buisson C, Doyon F, Carlet J, Dellamonica P, Gouin F, Lepoutre A, Mercier
JC, Offenstadt G, Régnier B, The French ICU Group for Severe Sepsis.: Incidence,
risk factors, and outcome of severe sepsis and septic shock in adults. A

multicenter prospective study in intensive care units. / A M A 1995; 274:968-974.

Groeger JS, Lemeshow S, Price K, Nierman DM, White P, Jr., Klar J, Granovsky S,
Horak D, Kish SK: Multicenter outcome study of cancer patients admitted to the
intensive care unit: a probability of mortality model. J Clin Oncol 1998; 16:761-

770.

Azoulay E, Moreau D, Alberti C, Leleu G, Adrie C, Barboteu M, Cottu P, Levy V,
Le Gall JR, Schlemmer B: Predictors of short-term mortality in critically ill

patients with solid malignancies. Intensive Care Med 2000; 26:1817-1823.

Massion PB, Dive AM, Doyen C, Bulpa P, Jamart J, Bosly A, Installe E: Prognosis
of hematologic malignancies does not predict intensive care unit mortality. Crit

Care Med 2002; 30:2260-2270.

Sculier JP, Markiewicz E: Medical cancer patients and intensive care. Anticancer

Res 1991; 11:2171-2174.

Angus DC, Linde-Zwirble WT, Lidicker J, Clermont G, Carcillo J, Pinsky MR:
Epidemiology of severe sepsis in the United States: analysis of incidence,

outcome, and associated costs of care. Crit Care Med 2001; 29:1303-1310.

Blot F, Guiguet M, Nitenberg G, Leclercq B, Gachot B, Escudier B: Prognostic
factors for neutropenic patients in an intensive care unit: respective roles of

underlying malignancies and acute organ failures. Eur J Cancer 1997; 33:1031-

1037.



34.

35.

36.

37.

38.

39.

40.

Vincent JL, Bihari D, Suter PM, Bruining HA, White JL, Nicolas-Chanoine MH,
Wolff M, Spencer RJ, Hemmer M, Members of the EPIC International Advisory
Group: The prevalence of nosocomial infection in intensive care units in Europe.

Results of the European Prevalence of Infection in Intensive Care (EPIC) study.

EPIC International Advisory Committee. J A M A 1995; 274:639-644.

Poletti V, Salvucci M, Zanchini R, Molinari AL, Zuffa E, Poletti G, Zaccaria A: The
lung as a target organ in patients with hematologic disorders. Haematologica

2000; 85:855-864.

Cheng MF, Yang YL, Yao TJ, Lin CY, Liu JS, Tang RB, Yu KW, Fan YH, Hsieh
KS, Ho M, Lo HIJ: Risk factors for fatal candidemia caused by Candida albicans

and non-albicans Candida species. BMC Infect Dis 2005; 5:22.

Headley J, Theriault R, Smith TL: Independent validation of APACHE II severity
of illness score for predicting mortality in patients with breast cancer admitted

to the intensive care unit. Cancer 1992; 70:497-503.

Guiguet M, Blot F, Escudier B, Antoun S, Leclercq B, Nitenberg G: Severity-of-
illness scores for neutropenic cancer patients in an intensive care unit: Which is
the best predictor? Do multiple assessment times improve the predictive value?

Crit Care Med 1998; 26:488-493.

Silfvast T, Pettila V, Ihalainen A, Elonen E: Multiple organ failure and outcome of
critically ill patients with haematological malignancy. Acta Anaesthesiol Scand

2003; 47:301-306.

Cornet AD, Issa Al, van de Loosdrecht AA, Ossenkoppele GJ, Strack van Schijndel

RJ, Groeneveld AB: Sequential organ failure predicts mortality of patients with a



41.

42.

43.

haematological malignancy needing intensive care. Eur J Haematol 2005; 74:511-

516.

Estopa R, Torres MA, Kastanos N, Rives A, Agusti-Vidal A, Rozman C: Acute
respiratory failure in severe hematologic disorders. Crit Care Med 1984; 12:26-

28.

Kroschinsky F, Weise M, Illmer T, Haenel M, Bornhaeuser M, Hoeftken G,
Ehninger G, Schuler U: Outcome and prognostic features of intensive care unit
treatment in patients with hematological malignancies. Intensive Care Med 2002;

28:1294-1300.

Larche J, Azoulay E, Fieux F, Mesnard L, Moreau D, Thiery G, Darmon M, Le Gall
JR, Schlemmer B: Improved survival of critically ill cancer patients with septic

shock. Intensive Care Med 2003; 29:1688-1695.



Table 1. Demographic characteristics of patients.

Age, years
Male®
Type of admission
Medical
Surgical
Neurosurgery
Digestive surgery
Thoracic surgery
Cardiovascular surgery
Renal/urological surgery
Other surgery
Admission source
Hospital floor

ER/ambulance 849 (35.1%)
Recovery room 623 (25.7%)
Other hospital 309 (12.8%)
Reason for admission
Surveillance 192 (7.6%)
Digestive/liver 236 (9.3%)
Respiratory 432 (17.0%)
Cardiovascular 874 (34.5%)
Hematological 24 (0.9%)
Neurological 446 (17.6%)
Renal 81 (3.2%)
Metabolic 60 (2.4%)
Trauma 179 (7.1%)
Comorbidities and therapies on admission
COPD 292 (10.9%)
Diabetes 200 (7.5%)
Liver cirrhosis 103 (3.9%)
AIDS 12 (0.4%)
Heart failure 276 (10.3%)
Corticosteroids 123 (4.6%)
Chemotherapy 8 (0.3%)
SAPS 11 36.0 £16.8
Incidence of sepsis
Sepsis 960 (35.9%)
Severe sepsis 780 (29.1%)
Septic shock 380 (14.3%)
Sepsis on admission 634 (23.7%)
ICU-acquired sepsis 228 (8.5%)
Severe sepsis on admission 462 (17.3%)
Septic shock on admission 197 (7.4%)
Admission SOFA 52+38
ICU stay, days 3.0 [1.7-7.0]
Hospital stay, days 14.0 [7.0-31.0]

No Cancer

(n=2674)
59.6+17.9
1619 (61.2%)

1581 (59.1%)
1093 (40.9%)
131 (11.9%)
284 (26.0%)
28 (2.5%)
453 (41.4%)
25 (2.3%)
136 (12.4%)

639 (26.4%)

Solid tumors

(n=404)
66.4 +12.1°
265 (66.6%)*

123 (30.4%)°
281 (69.6%)°
20 (7.1%)*
174 (61.9%)°
24 (8.5%)*
13 (4.6%)*
22 (7.8%)°
23 (8.2%)*

118 (33.1%)*
56 (15.7%)*
152 (42.7%)*
30 (8.4%)*

54 (14.8%)*
88 (24.1%)°
96 (26.3%)*
56 (15.3%)*
3 (0.8%)
36 (9.9%)*
19 (5.2%)
10 (2.7%)
2 (0.5%)°

42 (10.4%)
24 (5.9%)
18 (4.5%)
3(0.7%)

22 (5.4%)*

28 (6.9%)*
10 (2.5%)*

36.8+17.6

168 (41.5%)°
110 (27.2%)
57 (14.1%)
107 (26.5%)
43 (10.6%)
64 (15.8%)
31 (7.7%)
46+3.6
3.0 [1.8-6.4]

20.0 [12.0-33.0]*

Hematological cancers

(n=69)
62.1+15.9
36 (52.9%)

55 (79.7%)*
14 (20.3%)*
1(7.1%)
7 (50%)

2 (14.2%)
3 (21.4%)
0
1(7.1%)

36 (61.0%)°
8 (13.6%)*
9 (15.3%)
6 (10.2%)

1 (1.4%)
9 (13.0%)
32 (46.4%)°
19 (27.5%)
0
3 (4.3%)*
4 (5.8%)

1 (1.4%)
0>X<

6 (8.7%)
2 (2.9%)
0
3 (4.3%)*
9 (13%)
14 (20.3%)*
7 (10.1%)*
53.5+18.5°

49 (711%)°
40 (57.9%)°
23 (33.3%)°
36 (52.2%)°

8 (11.6%)
26 (37.7%)°
15 (21.7%)°

7.0 £ 4.6%
3.8 [1.7-8.6]

22.5[10.0-38.0]*

ER: emergency room; SAPS: Simplified Acute Physiology Score; SOFA: Sequential Organ Failure
Assessment; ICU: intensive care unit; COPD: chronic obstructive pulmonary disease; AIDS: acquired



immunodeficiency syndrome; ~ p<0.05 versus no-cancer group; $ p<0.001 versus no-cancer group; *35 missing
values



Table 2. Characteristics of infected patients according to the type of malignancy.

No cancer Solid tumors Hematological cancer
(n=960) (n=168) (n=49)
Criteria for infection
Clinically suspected 750 (78.1%) 136 (81%) 38 (77.6%)
Microbiologically confirmed 666 (69.4%) 114 (67.9%) 34 (69.5%)
Ocrléginci‘;lrsigns and micro- 383 (39.9%) 71 (42.5%) 14 (28.6%)
Source of infection
Respiratory 648 (67.5%) 108 (64.3%) 38 (77.6%)
Abdominal 200 (20.8%) 56 (33.3%)° 7 (14.3%)
Blood stream 196 (20.4%) 26 (15.5%) 16 (32.7)*
Skin 132 (13.8%) 23 (13.7%) 3(6.1%)
Urinary 133 (13.9%) 22 (13.1%) 4 (8.2%)
Catheter 87 (9.1%) 18 (10.7%) 6 (12.2%)
Cerebrospinal fluid 15 (1.6%) 0 (0.0%) 0 (0.0%)
Unknown 53 (5.5%) 7 (4.1%) 3(6.1%)
Gram-positive bacteria
Streptococcus group D 97 (10.1%) 21 (12.5%) 5 (10.2%)
Streptococcus pneumoniae 42 (4.3%) 3(1.7%) 1(2.0%)
MRSA 131 (13.6%) 28 (16.6%) 5(10.2%)
Other cocci 20 (2.1%) 3(1.8%) 0
Gram-negative bacteria
Pseudomonas 132 (13.7%) 21 (12.5%) 10 (20.4%)
Escherichia coli 114 (11.8%) 34 (20.2%)* 10 (20.4%)*
Enterobacter 53 (5.5%) 13 (7.7%) 1 (2.0%)
Klebsiella 60 (6.2%) 11 (6.5%) 0
Proteus 39 (4.0%) 9 (5.3%) 1 (2.0%)
Acinetobacter 37 (3.8%) 3 (1.7%) 2 (4.0%)
Haemophilus 33 (2.4%) 3(1.8%) 1 (2.0%)
Fungi
Candida albicans 125 (13%) 28 (16.7%) 3(6.1%)
Candida non-albicans 37 (3.9%) 9 (5.4%) 3(6.1%)
Other fungi 13 (1.3%) 3(1.7%) 1 (2.0%)

MRSA: methicillin-resistant Staphylococcus aureus; *p<0.05 versus no-cancer group;

$p<0.001 versus no-cancer group.



Table 3. Respiratory and hematological dysfunction, ICU monitoring and treatment.

No Cancer Solid tumors Hematological cancer
(n=2674) (n=404) (n=69)
Mechanical ventilation 1724 (64.5%) 253 (62.6%) 48 (69.6%)

ALI/ARDS
Pa0,/FiO,

MYV, days/patient

Leukopenia

Thrombocytopenia

Pulmonary artery catheter
Central venous catheter
Arterial catheter
Vasopressors

Inotropes

Hemofiltration

Hemodialysis

325 (12.2%)

202.8 [133.4-295.0]

3.0[1.0-7.0]

43 (1.6%)

373 (13.9%)

430 (16.1%)
1896 (70.9%)
1882 (70.4%)
1089 (40.7%)
505 (18.9%)
184 (6.9%)

121 (4.5%)

47 (11.6%)

224.0 [144.0-324.3]

2.0[1.0-6.0]

14 (3.5%)"

52 (12.9%)

37 (9.2%)°
317 (78.5%)
304 (75.2%)
163 (40.3%)
61 (15.1%)

16 (4.0%)

16 (4.0%)

21 (30.4%)°

140.0 [94.0-206.2]°

4.0 [2.0-6.0]

17 (24.6%)

35 (50.7%)*

14 (20.3%)
59 (85.5%)
54 (78.3%)°
41 (59.4%)*
20 (29.0%)*
11 (15.9%)*

4 (5.8%)

MV: mechanical ventilation; ALI: acute lung injury; ARDS: acute respiratory distress

syndrome; PaO;: arterial partial pressure of oxygen; FiO,: inspired fraction of oxygen; *: p <

0.05 versus no-cancer group; $: p<0.001 versus no-cancer group



Table 4. Prognostic factors for hospital mortality by multivariate forward stepwise logistic

regression analysis in patients with solid cancer (n=404)

OR 95% CI) p value

SAPS IT* 1.07 (1.05-1.08) <0.001
Sepsis 2.1 (1.2-3.7) 0.01
ALI/ARDS 2.5 (1.2-5.3) 0.014
Mechanical ventilation 2.4 (1.2-4.7) 0.015

OR: odds ratio; CI: confidence interval; SAPS: Simplified Acute Physiology Score; ALI: acute lung injury;
ARDS: acute respiratory distress syndrome; *on admission. Hosmer and Lemeshow goodness-of-fit test 2 =

10.15 (p=0.26). This model has a 79.5% correct classification (50.9% for non-survivors and 90.3% for

survivors).



Table 5. Prognostic factors for hospital mortality by multivariate forward stepwise logistic

regression analysis in patients with hematological cancer (n=69)

OR 95% CI) p value
SAPS II* 1.07 (1.0.-1.2) 0.002
ALI/ARDS 5.3 (1.4-20.4) 0.015

OR: odds ratio; CI: confidence interval; SAPS: Simplified Acute Physiology Score; ALI: acute lung injury;
ARDS: acute respiratory distress syndrome; *on admission. Hosmer and Lemshow goodness-of-fit test x2 =
15.53 (p=0.1). This model has a 75.4% correct classification (80.0% for non-survivors and 69.0% for

survivors).



Figure legends

Figure 1. Maximum number of organ dysfunctions during the ICU stay (upper panel) and
hospital mortality according to the number of organ dysfunctions (lower panel) in the three
groups of patients. White bars: no cancer; gray bars: hematological cancer; black bars: solid
tumors.

Figure 2. Kaplan Meier 60-day survival curves of the three groups of patients. Log Rank
score = 20.78, p-value < 0.01.

Figure 3. Hospital mortality in the three groups of patients overall and in patients with
sepsis. White bars: no cancer; gray bars: hematological cancer; black bars: solid tumors.

*p<0.001 versus no-cancer group.
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