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Abstract: High dose chemotherapy (HDT) followed by autologous peripheral blood stem cell
transplantation (ASCT) is standard of care including a curative treatment option for several cancers.
While much is known about the management of patients with allogenic SCT at the intensive care unit
(ICU), data regarding incidence, clinical impact, and outcome of critical illness following ASCT are less
reported. This study included 256 patients with different cancer entities. Median age was 56 years
(interquartile ranges (IQR): 45–64), and 67% were male. One-year survival was 89%; 15 patients (6%)
required treatment at the ICU following HDT. The main reason for ICU admission was septic shock (80%)
with the predominant focus being the respiratory tract (53%). Three patients died, twelve recovered,
and six (40%) were alive at one-year, resulting in an immediate treatment-related mortality of 1.2%.
Independent risk factors for ICU admission were age (odds ratio (OR) 1.05; 95% confidence interval (CI)
1.00–1.09; p = 0.043), duration of aplasia (OR: 1.37; CI: 1.07–1.75; p = 0.013), and Charlson comorbidity
score (OR: 1.64; CI: 1.20–2.23; p = 0.002). HDT followed by ASCT performed at an experienced centre is
generally associated with a low risk for treatment related mortality. ICU treatment is warranted mainly
due to infectious complications and has a strong positive impact on intermediate-term survival.
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1. Introduction

The number of malignant diseases is increasing world-wide and will reach over 22.2 Mio/years
by the end of 2020. Approximately 13.5–21.5% of patients diagnosed with cancer are admitted to
intensive care units (ICUs) during the course of their disease [1,2]. In the past, a majority of mostly
solid cancer patients but also haematological cancer patients were denied the admission to the ICU
because of an anticipated poor prognosis for their cancer. This was due to the fact that the underlying
medical condition was not treatable and would lead to death during the next months. Only recently,
a growing number of studies have proven that critically ill patients with cancer can benefit from the
treatment at the ICU [3]. In the last decade, survival rates of patients with cancer have increased to
around 50–60%. Several authors suggested that full supportive care should be provided to patients
with a life expectancy of at least 1 year as an arbitrary cut-off point [4].
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High dose chemotherapy (HDT) with subsequent autologous peripheral blood stem cell
transplantation (ASCT) is currently a standard treatment option in different cancers [5]. Remarkably,
HDT has the potential to cure relapsed aggressive lymphomas or relapsed and refractory germ cell
tumours [6,7]. Conditioning regimens lead to significant myelosuppression. Doses are maximized in
order to achieve higher concentrations with higher tissue penetration and to potentially overcome
resistance to conventionally dosed chemotherapy. However, neutropenia is expected to be severe,
and patients often need red blood cell and platelet transfusion as well as intravenous antibiotic
treatment. Overall, the predominant complications of HDT are infections [8].

Autologous stem cell transfusion has been introduced to shorten the time of aplasia after HDT to
mostly 5–10 days [9,10]. With the adoption of peripheral blood stem cells rather than bone marrow
as stem cell source and improvements in supportive care, mortality after HDT and ASCT has been
markedly reduced over the last decades [11].

Although HDT has become part of the established treatment algorithm in serval malignancies,
the possibility of severe complications remains. Data concerning the need and the frequency of ICU
admission following high dose chemotherapy and subsequent autologous stem cell transplantation
are scarce [12,13]. Therefore, we studied the clinical course of patients with different cancer entities
receiving high dose chemotherapy and subsequent ASCT focusing on their outcome and performance
on the ICU in a specialised referral centre.

2. Results

In total, 256 patients who received high dose chemotherapy with subsequent autologous stem cell
transplantation in a tertiary medical centre were included in this analysis. Median age of the patients
was 56 years (interquartile ranges (IQR): 45–64), and 67% (n = 172) were male. One hundred and four
patients were older than sixty years of age. Patient distribution was as follows: 19% (n = 48) had a
germ cell tumour, 48% (n = 122) a multiple myeloma, 19% (n = 49) non-Hodgkin’s lymphoma (NHL),
7% (n = 18) central nervous system-lymphoma (CNS-L), 3% (n = 8) Hodgkin’s lymphoma (HL), and 4%
(n = 11) sarcoma and miscellaneous tumours (Table 1).

Table 1. Demographic data and cancer diagnosis of patients receiving high dose chemotherapy and
subsequent autologous stem cell transplantation (ASCT). Cohort 1: patients admitted to the intensive
care unit (ICU) due to immediate complications during high dose chemotherapy (HDT) and ASCT
treatment. Cohort 2 patient admitted within 6 months after high dose chemotherapy and ASCT
(excluding cohort 1 patients).

Variable All Patient ICU Admitted Cohort 1 ICU Admitted Cohort 2

n (%) or Median [IQR] (n = 256) (n = 15) (n = 31)

Demographic Data
Age HDT 56 (45–4) 63 (43–67) 43 (27–50)

Age ≥ 60 years at HDT 104 (41) 9 (60) 3 (10)
Female:Male 84 (33):172 (67) 7 (47):8 (53) 3 (10):28 (90)

Tumour
Germ Cell Tumour 48 (19) 2 (13) 16 (52)

Seminoma 6 (2) 0 (0) 0 (0)
Non-Seminoma 37 (14) 1 (7) 16 (51)

Mixed 5 (2) 1 (7) 0 (0)
Multiple Myeloma 122 (48) 3 (20) 5 (16)
Non-Hodgkin-Lymphoma 49 (19) 5 (33) 6 (19)

T-cell-NHL 9 (4) 1 (7) 2 (6)
B-cell-NHL 40 (16) 4 (27) 4 (13)

DLBCL 20 (8) 0 (0) 3 (10)
Follicular-L. 6 (2) 1 (7) 0 (0)

Mantle cell-L. 7 (3) 1 (7) 0 (0)
Others 7 (3) 2 (13) 1 (3)

CNS-Lymphoma 18 (7) 2 (13) 1 (3)
Hodgkin-Lymphoma 8 (3) 0 (0) 1 (3)
Miscellaneous 11 (4) 3 (20) 2 (6)

IQR: interquartile range; ICU: intensive care unit; HDT: high dose chemotheraphy; NHL: non-Hodgkin’s lymphoma;
CNS: central nervous system; DLBCL: diffuse large B-cell lymphoma.
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The main high dose chemotherapy protocols included melphalan (n = 125), high dose
carmustine/etoposide/cytarabine/melphalan (BEAM; n = 54), carboplatin/etoposide (CE; n = 41),
cisplatin/etoposide/ifosfamide (HD-PEI; n = 10), carmustine/thiotepa (n = 18) and several other
chemotherapies (n = 8) (Table S1).

Treatment-related mortality during HDT and subsequent ASCT for all patients was 1.2%.
The subgroup of sarcoma and miscellaneous rare occurring tumours had the worst prognosis with
a median survival of 167 days. For all other entities, median survival was not reached during the
observation period (Figure 1).
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Figure 1. The 365-day survival and overall survival of patients treated with high dose chemotherapy
and subsequent ASCT. Median survival over the period of follow-up was reached in the sarcoma and
rare tumour group (median overall survival was 167 days).

Fifteen patients (cohort 1) had to be admitted to the ICU for a complication during high dose
chemotherapy treatment (HDT) and subsequent ASCT. This group included 13% of patients suffering
from germ cell tumour, 20% multiple myeloma, 33% NHL, 13% CNS-L, and 20% miscellaneous tumours
(Table 1).

The median age of the patients was 64 (IQR 43–67) years. The main reason for ICU-admission was
septic shock (80%) with the predominant focus of infection being the respiratory tract (53%). Other
reasons included ventricular tachycardia, seizure, and Ileus (Table 2).

Table 2. Demographic data and clinical parameters of patient. Cohort 1: patients admitted to the ICU
due to immediate complications during HDT and ASCT treatment. Cohort 2 patient admitted within
6 months after high dose chemotherapy and ASCT (excluding cohort 1 patients).

Variable ICU Admitted Cohort 1 ICU Admitted Cohort 2 p-Value

n (%) or Median [IQR] (n = 15) (n = 31)

Demographic Data

Age at ICU Admittance 64 (43–67) 44 (28–50)
Age ≥ 60 at ICU Admittance 9 (60) 4 (13)

Female:Male 7 (47):8 (53) 3 (10):28 (90)
Time (days) between HDT and ICU 14 (11–15) 93 (56–122)

Treatment Related Complication

Aplasia (≤ 0, 5 × 109/L) Admittance (ICU) 12 (80) 1 (3)
Duration of Aplasia (Days) 7 (6–8) 3 (4–7)

SOFA 8 (6–12) 4 (2–8) 0.001
Charlson Comorbidity-Index 4 (4–6) 4 (2–6)

Cardiac Output (Ejection Fraction (EF))

Normal (EF > 55) 7 (47) 14 (45)
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Table 2. Cont.

Variable ICU Admitted Cohort 1 ICU Admitted Cohort 2 p-Value

Reduced 3 (20) 3 (10)
Not Defined 5 (33) 14 (45)

Diagnosis at ICU Admittance

Sepsis/Septic Shock 12 (80) 4 (13)
With Respiratory Failure 7 (47) 3 (6)

Cardiac Event (CPR) 1 (7) 0 (0)
Neurological Disability 1 (7) 2 (6)

Bleeding 0 (0) 3 (10)
Ileus 1 (7) 0 (0)

Post Elective Surgery 0 (0) 19 (61)

Supportive Therapy

Vasopressor 10 (67) 11 (35)
Invasive Ventilation 8 (53) 2 (6)

Dialysis 5 (33) 2 (6)

Time on ICU (days) 8 (2–27) 1 (1–5) 0.0004
Time in Hospital (days) 46 (24–75) 14 (10–27) <0.0001

Outcome

Death on ICU 3 (20) 1 (3)
356 Days Mortality after ICU Discharge 6 (50) 8 (27)

Cause of Death

Tumour Progression within 365 Days 4 (33) 5 (17)

Laboratory parameters in cohort 1 such as leucocyte count and c-reactive protein (CRP) did not
correlate with disease outcome (Figure S1). Twelve patients (80%) survived their stay at the ICU,
and six (40%) were alive at one-year. Independent risk factors for ICU admission following HDT
and ASCT were age at HDT (odds ratio (OR) 1.05; 95% confidence interval (CI) 1.00–1.09; p = 0.043),
duration of aplasia (OR: 1.37; CI: 1.20–2.23; p = 0.013), and the Charlson comorbidity index (OR: 1.64;
CI: 1.20–2.23; p = 0.002) (Table 3A). In contrast, parameters such as haemoglobin, thrombocyte count,
quick and INR did not reach significance in predicting the ICU admission. Furthermore, using a
calculated cut-off point for aplasia (6.5 days) and Charlson comorbidity sum (3.5), odds ratios were
4.84 (CI: 1.61–14.45; p = 0.005) and 5.65 (CI: 1.71–18.62; p = 0.004), respectively (Table 3B).

Table 3. Multivariant binary regression analysis of independent risk factors for ICU admission in
relation to their HDT and ASCT treatment. A: continuous variable. B: binary variable.

(A)

Variable Regression Coefficient OR (95% CI) p-Value

Duration of Aplasia 0.312 1.37 (1.07–1.75) 0.013
Charlson Score Sum 0.492 1.64 (1.20–2.30) 0.002

Age at HDT 0.048 1.05 (1.00–1.09) 0.043

(B)

Variable Regression Coefficient OR (95% CI) p-Value

Aplasia (>6.5 days) 1.58 4.84 (1.61–14.45) 0.005
Charlson Score (>3.5) 1.73 5.65 (1.71–18.62) 0.004

Thirty-one patients (cohort 2) had to be admitted to the ICU after successfully completing HDT
and ASCT within 6 months of treatment. Of these patients, 16 (52%) were germ cell tumour, five (16%)
multiple myeloma, six (19%) non-NHL, one (3%) CNS-L, one (3%) HL, and two (6%) miscellaneous
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tumours (Table 1). Cohort 2 had a median age of 44 years, and the main reason for admittance was
elective surgery (n = 19) due to tumour resection. Further reasons were sepsis (n = 4), respiratory
insufficiency (n = 3), bleeding (n = 3), and neurological impairment (n = 2) (Table 2).

The sequential organ failure score (SOFA) was significantly higher in cohort 1 versus cohort 2
(8 (IQR 6–12) versus 4 (IQR 2–8), p = 0.001). These findings correlated with more supportive medical
aid in cohort 1 such as invasive ventilation (53% versus 6%), the need of vasopressors (67% versus
11%), and renal replacement therapy (33% versus 6%) (Table 2). Furthermore, patients in cohort 1 had
a median ICU stay of 8 (IQR 2–27) days compared to patients in cohort 2, who had a median stay
of 1 (IQR 1–5) day; total hospital stay was 46 (IQR 24–75) versus 14 (IQR 10–27) days, respectively.
In cohort 1, 47% of patients had a normal ejection fraction (EF > 55%) compared to 45% in cohort 2.
Infectious complications were less frequent in cohort 2 (26%) compared to cohort 1 (80%) during the
ICU stay. In cohort 1, 53% were diagnosed with a hospital acquired pneumonia compared to 19% in
cohort 2. Cohort 1 had one case of herpes simplex virus (HSV) pneumonia and five (33%) cases of
severe fungal infections including one case of candidemia compared to cohort 2, which had four (13%)
cases of severe fungal infection and no candidemia. Cohort 1 had nine detected blood stream infections
predominantly with coagulase negative staphylococcus compared to only two in cohort 2 (Table 4).

Table 4. Reason for admission and infection focus in patients admitted to the ICU. Cohort 1: patients
admitted to the ICU due to immediate complications during HDT and ASCT treatment. Cohort 2
patient admitted within 6 months after high dose chemotherapy and ASCT (excluding cohort 1 patients).
HAP: hospital acquired pneumonia; VT: ventricular tachycardia; CPR: cardiopulmonary resuscitation;
EVD: extraventricular drainage.

Variable ICU Admitted Cohort 1 ICU Admitted Cohort 2

n (%) (n = 15) (n = 31)
Infection 12 (80) 8 (26)

Type of Infection
Pneumonia (HAP) 8 (53) 6 (19)
Catheter Infection 1 (7) 0 (0)
Unknown Focus 3 (20) 2 (6)

Sepsis 10 (67) 3 (10)
Septic Shock 2 (13) 1 (3)
Bacteraemia 0 (0) 1 (3)

Non Infection Related Diagnosis 3 (20) 23 (74)
VT including CPR 1 0

Seizure 1 1
Ileus 1 1

Bleeding 0 2
Post Surgery 0 19 (61)

Tumour Resection Germ Cell Tumour (Thoracic) 0 11
Tumour Resection Germ Cell Tumour (Abdominal) 0 4

Implantation of EVD for NHL Brain Metastasis 0 1
Cerebral Biopsy NHL Metastasis 0 1

Osteosynthesis for Osteolysis at Multiple Myeloma 0 2

A detailed microbiological analysis is found in Table 5. The 365-day mortality after ICU discharge
in cohort 1 was 50% compared to 27% in cohort 2, of which 33% was due to tumour progression in
cohort 1 compared to 17% in cohort 2.
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Table 5. Microbiological analysis of infections in patients admitted to the ICU. Cohort 1: patients
admitted to the ICU due to immediate complications during HDT and ASCT treatment. Cohort 2
patient admitted within 6 months after high dose chemotherapy and ASCT (excluding cohort 1 patients)
VRE: vancomycin resistant enterococcus; ESBL: extended spectrum β-lactamase producing bacteria.
BAL: bronchoalveolar lavage

Variable ICU Admitted Cohort 1 ICU Admitted Cohort 2

(n = 15) (n = 31)

Gram Positive Bacteria 17 6
BAL 8 5

Coagulase Negative Staph. 1 0
Staphylococcus haemolyticus 1 0

Streptococcus Viridans 3 0
Enterococcus Species 3 2

Corynebacterium 1 1
Blood Culture 9 3

Coagulase Negative Staph. 7 2
Staphylococcus Epidermidis 5 0

Staphylococcus Haemolyticus 2 1
Staphylococcus Hominis 0 1

Viridans Streptokokken 1 0
Enterococcus Species 1 1

Gram Negative Bacteria 4 1
BAL 2 0

Escherichia Coli 1 0
Pseudomonas Aeruginosa 1 0

Blood Culture 2 1
Escherichia Coli 1 1

HSV Pneumonia 1 0
Severe Fungal Infection 5 4

Candidasis 2 1
BAL 1 1

Blood Culture 1 0
Aspergillosis in BAL 3 3

Bacterial Resistance (Detected in Hospital Stay)
VRE 4 1
ESBL 1 1

Carbapenemase (OXA48) 1 0

3. Discussion

To the best of our knowledge, this is the first comprehensive study comparing the safety of HDT
and ASCT across different cancer entities including solid tumours. Furthermore, the study analysed
the clinical outcome of two groups of these patients treated in the ICU.

In the study cohort of 256 patients, ASCT performed in an experienced centre was safe and had
a low risk for treatment related mortality, as seen by an immediate treatment-related mortality of
1.2% for those patients. No treatment groups apart from the subgroup of sarcoma and rare cancer
entities reached their median survival in the study period of up to 8 years. Moreover, the survival rate
of multiple myeloma, the largest cancer entity in this analysis, was comparable with reported data
indicating that this cohort was a representative sample for this entity [14].

Nevertheless, sarcoma and rare cancer entities had the worst survival, reaching a median survival
after only 167 days. This finding reflects that curative treatment options for sarcoma are still not
satisfactory [15,16].

Six percent of our study population required treatment in immediate relation to their high dose
chemotherapy at the ICU, and 80% of these patients were discharged after full life support. After one
year, 50% of the patients discharged from ICU were alive, indicating prolonged survival after ICU
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therapy [17,18]. A recent consensus statement outlines the requirements for admission of cancer
patients to the ICU. The authors of the consensus statement defined recommendations for invasive
measures such as mechanic ventilation and the use of dialysis, concluding a clear benefit of the ICU
treatment [19]. Patients that were admitted to the ICU in relation to their HDT and ASCT treatment
(cohort 1) had a statistically significant higher SOFA score compared to patients being admitted within
6 months after HDT and ASCT (p = 0.001), showing that scoring systems in ICU are also reliable tools
in oncological patients [20]. The higher SOFA score correlated with more supportive medical aid such
as invasive ventilation (67% versus 35%), the need for vasopressors (53% versus 6%), and dialysis
(33% versus 6%). Moreover, patients within cohort 1 had not only a statistically significant longer
ICU stay (p = 0.0004) but also prolonged hospital stays (p < 0.0001). Importantly, only 26% of patients
admitted to the ICU in immediate relation to the treatment (cohort 1) died due to progression in
tumour disease within 365 days. This indicates that the decision for ICU admission should only be
made due to the prevailing medical condition and should not be influenced by the severity of their
cancer diagnosis or the arbitrary 1 year survival rate in this group of patients [21].

Furthermore, microbiological analysis showed that cohort 1 had more gram-positive blood
stream infections compared to cohort 2 (nine versus three). Most of these infections were triggered
by coagulase negative staphylococcus. Patients in cohort 1 had more antibiotic resistant bacteria
detected in their total hospital stay (four vancomycin-resistant enterococcus, two extended spectrum
β-lactamase producing bacteria) compared to cohort 2 (one vancomycin-resistant enterococcus and one
extended spectrum β-lactamase producing bacteria), which required an extended antibiotic treatment
regime. This high prevalence of resistant organisms might be associated with a more severe course
of disease [22,23]. Interestingly, patients who had been admitted to the ICU within 6 months of
successful treatment (cohort 2) were still susceptible for severe fungal infection. This complication
should be considered when patients are admitted to the ICU more than 6 months after successful
HDT [24]. Including this additional cohort to the analysis elucidates further treatment necessities and
their hitherto unknown complications, allowing clinicians to define goals and to predict outcomes for
patients that were treated with high dose chemotherapy.

In our cohort, cut-off values for time of aplasia and Charlson comorbidity index were able to
significantly predict ICU admission in a multivariate analysis. However, these predictors, although in
concordance with clinical understanding, might not be able to influence clinical decision making in
time to prevent ICU admission. In the future, more reliable markers may be helpful to predict the risk
of ICU admission, thereby allowing for less urgent referrals of severely sick patients and leading to a
better outcome [25,26].

Not only do our data strengthen the recommendation of the consensus statement to use a
full treatment code but they also add independent risk factors for the admission to ICU after high
dose chemotherapy and ASCT, such as age, duration of aplasia, and Charlson comorbidity index,
as guidance parameters. However, the number of admitted patients to the ICU in this study as well
as the retrospective character might be limiting the prediction of other risk factors. Moreover, the
heterogenicity of the treatment regimens and the cancer entities treated in a single referral centre could
conceal cancer entity specific characteristics, thus leading to an ICU survival.

4. Methods

This study is based on a retrospective analysis of prospectively collected data. All patients who
received high dose chemotherapy with subsequent autologous stem cell transplantation in a tertiary
medical centre from 1 January 2008 to 31 December 2014 were eligible for inclusion in this study.
Patient data were censored at the time of data cut-off, which was performed on 31 July 2018.

Data were collected through electronical patient data management system (PDMS, Integrated Care
Manager® (ICM), Version 9.1—Draeger Medical, Luebeck, Germany). The extracted data included
age, gender, comorbidities, underlying hematologic malignancy and course of disease, admission
diagnosis, length of ICU/hospital-stay, treatment modalities and organ support (mechanical ventilation,
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vasopressor, renal replacement therapy, blood transfusions, antibiotics, antiviral treatment, etc.),
laboratory parameters, and discharge information. Pre-existing medication was recorded on the basis
of known regular medications and medication on admission. Survival follow-up data were acquired
using the local cancer registry. Routine laboratory assessment was performed on daily basis within
usual practice.

4.1. Study Definitions

Malignancies were defined and categorized as follows: refractory Hodgkin’s lymphoma (HL),
non-Hodgkin’s lymphoma (NHL), primary central nervous lymphoma (CNS-L), sarcoma (S), germ cell
tumour (GC), and multiple myeloma (MM). Furthermore, we defined disease status according to the
guidelines published by the German society of haematology and medical oncology (DGHO). Patients
admitted to the ICU were grouped in two cohorts. Cohort 1 included patients admitted in relation to
complication during their HDT treatment within 30 days after ASCT. Cohort 2 was patients admitted to
the ICU within the first 6 months after HDT excluding patients from cohort 1. Neutropenia was defined
as a neutrophil count less than 0.5 × 109 cells/L. This study was approved by the ethics committee of the
Hamburg chamber of physicians (WF-111/20). Informed consent was waived due to the observational
character of this study.

4.2. Statistical Analysis

Descriptive statistics were used to summarize the data. Results are presented as count and
relative frequency or median and 25–75% interquartile ranges (IQR), as appropriate. Odds ratio was
calculated using a multivariate binary regression model. Receiver operating characteristic (ROC) and
area under the curve (AUC) analyses were used to assess the prognostic capacity of days of aplasia and
Charlson comorbidity sum (Table S2). Cut-off values were calculated via the Youden’s Index. Normal
distribution was assessed using a D’Agostino’s K-squared test. Not normally distributed data were
analysed using a Mann–Whitney-U-Test. Statistical analysis was conducted using IBM SPSS Statistics
Version 24.0 (IBM Corp., Armonk, NY, USA) and GraphPad Prism (Version 6). A p-value of < 0.05 was
considered statistically significant.

5. Conclusions

In conclusion, treatment regimens using HDT and subsequent ASCT in a specialised referral
centre are safe. ICU-treatment is warranted mainly due to infectious complications and has a positive
impact on intermediate-term survival and should therefore always be promoted.

Supplementary Materials: The following are available online at http://www.mdpi.com/2072-6694/12/6/1678/s1,
Figure S1: Laboratory parameter of patients admitted to the intensive care unit in association with the treatment,
Table S1: Depicting the total number and percentage of different high dose chemotherapy regimens, Table S2:
ROC curve analysis independent risk factors for ICU admission in relation to their HDT and ASCT treatment.
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Hagberg, H.; et al. Salvage regimens with autologous transplantation for relapsed large B-cell lymphoma in
the rituximab era. J. Clin. Oncol. 2010, 28, 4184–4190. [CrossRef]

7. Adra, N.; Abonour, R.; Althouse, S.K.; Albany, C.; Hanna, N.H.; Einhorn, L.H. High-Dose Chemotherapy
and Autologous Peripheral-Blood Stem-Cell Transplantation for Relapsed Metastatic Germ Cell Tumors:
The Indiana University Experience. J. Clin. Oncol. 2017, 35, 1096–1102. [CrossRef]

8. Azoulay, E.; Mokart, D.; Pène, F.F.; Lambert, J.; Kouatchet, A.; Mayaux, J.; Vincent, F.; Nyunga, M.; Bruneel, F.;
Laisne, L.-M.; et al. Outcomes of critically ill patients with hematologic malignancies: Prospective multicenter
data from France and Belgium—A groupe de recherche respiratoire en reanimation onco-hematologique
study. J. Clin. Oncol. 2013, 31, 2810–2818. [CrossRef]

9. Goodman, H.J.B.; Gillmore, J.D.; Lachmann, H.J.; Wechalekar, A.D.; Bradwell, A.R.; Hawkins, P.N. Outcome
of autologous stem cell transplantation for AL amyloidosis in the UK. Br. J. Haematol. 2006, 134, 417–425.
[CrossRef]

10. E Talmadge, J.; Reed, E.; Ino, K.; Kessinger, A.; Kuszynski, C.; Heimann, D.; Varney, M.; Jackson, J.; Vose, J.M.;
Bierman, P.J. Rapid immunologic reconstitution following transplantation with mobilized peripheral blood
stem cells as compared to bone marrow. Bone Marrow Transplant. 1997, 19, 161–172. [CrossRef]

11. Nichols, C.R.; Tricot, G.; Williams, S.D.; Van Besien, K.; Loehrer, P.J.; Roth, B.J.; Akard, L.; Hoffman, R.;
Goulet, R.; Wolff, S.N. Dose-intensive chemotherapy in refractory germ cell cancer—A phase I/II trial of
high-dose carboplatin and etoposide with autologous bone marrow transplantation. J. Clin. Oncol. 1989, 7,
932–939. [CrossRef] [PubMed]

12. Price, K.J.; Thall, P.F.; Kish, S.K.; Shannon, V.R.; Andersson, B.S. Prognostic indicators for blood and marrow
transplant patients admitted to an intensive care unit. Am. J. Respir. Crit. Care Med. 1998, 158, 876–884.
[CrossRef]

13. Trinkaus, M.A.; Lapinsky, S.E.; Crump, M.; Keating, A.; Reece, D.E.; Chen, C.; Hallett, D.C.; Franke, N.;
Winter, A.; Mikhael, J.R. Predictors of mortality in patients undergoing autologous hematopoietic cell
transplantation admitted to the intensive care unit. Bone Marrow Transplant. 2009, 43, 411–415. [CrossRef]

14. Palumbo, A.; Avet-Loiseau, H.; Oliva, S.; Lokhorst, H.M.; Goldschmidt, H.; Rosinol, L.; Richardson, P.;
Caltagirone, S.; Lahuerta, J.J.; Facon, T.; et al. Revised International Staging System for Multiple Myeloma:
A Report From International Myeloma Working Group. J. Clin. Oncol. 2015, 33, 2863–2869. [CrossRef]

15. Potter, D.A.; Glenn, J.; Kinsella, T.; Glatstein, E.; Lack, E.E.; Restrepo, C.; White, D.E.; Seipp, C.A.; Wesley, R.;
Rosenberg, S.A. Patterns of recurrence in patients with high-grade soft-tissue sarcomas. J. Clin. Oncol. 1985,
3, 353–366. [CrossRef] [PubMed]

16. Crews, K.R.; Liu, T.; Galindo, C.R.; Meyer, W.H.; Panetta, J.C.; Link, M.P.; Daw, N.C. High-dose methotrexate
pharmacokinetics and outcome of children and young adults with osteosarcoma. Cancer 2004, 100, 1724–1733.
[CrossRef] [PubMed]

17. Larché, J.; Azoulay, E.; Fieux, F.; Mesnard, L.; Moreau, D.; Thiery, G.; Darmon, M.; Le Gall, J.-R.; Schlemmer, B.
Improved survival of critically ill cancer patients with septic shock. Intensive Care Med. 2003, 29, 1688–1695.
[CrossRef]

18. Kochanek, M.; Shimabukuro-Vornhagen, A.; Boll, B. Hematological-oncological intensive care patients:
Treatment without borders. Med. Klin. Intensivmed. Notfmed. 2019, 114, 214–221. [CrossRef]

19. Kiehl, M.G.; Beutel, G.; Böll, B.; Buchheidt, D.; Forkert, R.; Fuhrmann, V.; Knöbl, P.; Kochanek, M.;
Kroschinsky, F.; La Rosée, P.; et al. Consensus statement for cancer patients requiring intensive care support.
Ann. Hematol. 2018, 97, 1271–1282. [CrossRef]

http://dx.doi.org/10.1111/j.1445-5994.2011.02533.x
http://www.ncbi.nlm.nih.gov/pubmed/21627739
http://dx.doi.org/10.1186/2110-5820-1-5
http://www.ncbi.nlm.nih.gov/pubmed/21906331
http://dx.doi.org/10.1093/annonc/mdl044
http://www.ncbi.nlm.nih.gov/pubmed/16547069
http://dx.doi.org/10.1200/JCO.2010.28.1618
http://dx.doi.org/10.1200/JCO.2016.69.5395
http://dx.doi.org/10.1200/JCO.2012.47.2365
http://dx.doi.org/10.1111/j.1365-2141.2006.06204.x
http://dx.doi.org/10.1038/sj.bmt.1700626
http://dx.doi.org/10.1200/JCO.1989.7.7.932
http://www.ncbi.nlm.nih.gov/pubmed/2544687
http://dx.doi.org/10.1164/ajrccm.158.3.9711076
http://dx.doi.org/10.1038/bmt.2008.336
http://dx.doi.org/10.1200/JCO.2015.61.2267
http://dx.doi.org/10.1200/JCO.1985.3.3.353
http://www.ncbi.nlm.nih.gov/pubmed/3973646
http://dx.doi.org/10.1002/cncr.20152
http://www.ncbi.nlm.nih.gov/pubmed/15073863
http://dx.doi.org/10.1007/s00134-003-1957-y
http://dx.doi.org/10.1007/s00063-019-0532-4
http://dx.doi.org/10.1007/s00277-018-3312-y


Cancers 2020, 12, 1678 10 of 10

20. Sawicka, W.; Owczuk, R.; Wujtewicz, M.A.; Wujtewicz, M. The effectiveness of the APACHE II, SAPS II and
SOFA prognostic scoring systems in patients with haematological malignancies in the intensive care unit.
Anaesthesiol. Intensive Ther. 2014, 46, 166–170. [CrossRef]

21. McGrath, S.; Chatterjee, F.; Whiteley, C.; Ostermann, M. ICU and 6-month outcome of oncology patients in
the intensive care unit. QJM 2010, 103, 397–403. [CrossRef] [PubMed]

22. Johnstone, J.; Chen, C.; Rosella, L.; Adomako, K.; Policarpio, M.E.; Lam, F.; Prematunge, C.; Garber, G.;
Evans, G.A.; Gardam, M.; et al. Patient- and hospital-level predictors of vancomycin-resistant Enterococcus
(VRE) bacteremia in Ontario, Canada. Am. J. Infect. Control. 2018, 46, 1266–1271. [CrossRef] [PubMed]

23. Xie, O.; Slavin, M.A.; Teh, B.W.; Bajel, A.; Douglas, A.P.; Worth, L.J. Epidemiology, treatment and outcomes of
bloodstream infection due to vancomycin-resistant enterococci in cancer patients in a vanB endemic setting.
BMC Infect. Dis. 2020, 20, 228. [CrossRef] [PubMed]

24. Burghi, G.; Lemiale, V.; Seguin, A.; Lambert, J.; Lacroix, C.; Canet, E.; Moreau, A.-S.; Ribaud, P.; Schnell, D.;
Mariotte, E.; et al. Outcomes of mechanically ventilated hematology patients with invasive pulmonary
aspergillosis. Intensive Care Med. 2011, 37, 1605–1612. [CrossRef] [PubMed]

25. Schellongowski, P.; Staudinger, T.; Kundi, M.; Laczika, K.; Locker, G.J.; Bojic, A.; Robak, O.; Fuhrmann, V.;
Jäger, U.; Valent, P.; et al. Prognostic factors for intensive care unit admission, intensive care outcome,
and post-intensive care survival in patients with de novo acute myeloid leukemia: A single center experience.
Haematologica 2011, 96, 231–237. [CrossRef] [PubMed]

26. De Montmollin, E.; Tandjaoui-Lambiotte, Y.; Legrand, M.; Lambert, J.; Mokart, D.; Kouatchet, A.; Lemiale, V.;
Pène, F.F.; Bruneel, F.; Vincent, F.; et al. Outcomes in critically ill cancer patients with septic shock of
pulmonary origin. Shock 2013, 39, 250–254. [CrossRef]

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.5603/AIT.2014.0030
http://dx.doi.org/10.1093/qjmed/hcq032
http://www.ncbi.nlm.nih.gov/pubmed/20231238
http://dx.doi.org/10.1016/j.ajic.2018.05.003
http://www.ncbi.nlm.nih.gov/pubmed/29903421
http://dx.doi.org/10.1186/s12879-020-04952-5
http://www.ncbi.nlm.nih.gov/pubmed/32188401
http://dx.doi.org/10.1007/s00134-011-2344-8
http://www.ncbi.nlm.nih.gov/pubmed/21866367
http://dx.doi.org/10.3324/haematol.2010.031583
http://www.ncbi.nlm.nih.gov/pubmed/21071501
http://dx.doi.org/10.1097/SHK.0b013e3182866d32
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Results 
	Discussion 
	Methods 
	Study Definitions 
	Statistical Analysis 

	Conclusions 
	References

