Annals of Hematology (2023) 102:191-197
https://doi.org/10.1007/500277-022-05028-x

ORIGINAL ARTICLE q

Check for
updates

Characteristics and outcomes of patients undergoing high-dose
chemotherapy and autologous stem cell transplantation admitted
to the intensive care unit: a single-center retrospective analysis

Jorge Garcia Borrega' - Boris Boll' - Matthias Kochanek’ - Jan-Hendrik Naendrup' - Florian Simon' - Noelle Sieg' -
Michael Hallek' - Peter Borchmann' - Udo Holtick' - Alexander Shimabukuro-Vornhagen' - Dennis A. Eichenauer'
Jan-Michel Heger'

Received: 28 June 2022 / Accepted: 4 November 2022 / Published online: 17 November 2022
©The Author(s) 2022

Abstract

High-dose chemotherapy and autologous stem cell transplantation (ASCT) can be associated with adverse events neces-
sitating treatment on the intensive care unit (ICU). Data focusing on patients admitted to the ICU during hospitalization
for high-dose chemotherapy and ASCT are scarce. We thus conducted a single-center retrospective analysis comprising 79
individuals who had high-dose chemotherapy and ASCT between 2014 and 2020 and were admitted to the ICU between the
initiation of conditioning therapy and day 30 after ASCT. The median age was 57 years (range: 20-82 years); 38% of patients
were female. B-cell non-Hodgkin lymphoma (34%) and plasma cell disorders (28%) were the most common indications for
high-dose chemotherapy and ASCT. Sepsis represented the major cause for ICU admission (68%). Twenty-nine percent of
patients required mechanical ventilation (MV), 5% had renal replacement therapy, and 44% needed vasopressors. The ICU,
hospital, 90-day, and 1-year survival rates were 77.2%, 77.2%, 72.2%, and 60.3%, respectively. Stable disease or disease
progression prior to the initiation of high-dose chemotherapy (p =0.0028) and MV (p <0.0001) were associated with an
impaired survival. A total of 36 patients died during observation. The most frequent causes of death were the underlying
malignancy (44%) and sepsis (39%). Taken together, the present analysis indicates a favorable overall outcome for patients
admitted to the ICU during hospitalization for high-dose chemotherapy and ASCT. Thus, this patient group should not be
denied admission and treatment on the ICU.
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Introduction

High-dose chemotherapy followed by autologous stem cell
transplantation (ASCT) is part of the initial therapy or sal-
vage approaches in different hematologic malignancies
and solid tumors [1-6]. Since high-dose chemotherapy and
ASCT are associated with prolonged neutropenia and throm-
bocytopenia, patients undergoing this treatment modality are
at risk for the development of infectious complications and
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other severe adverse events that can necessitate admission
to the intensive care unit (ICU).

Data on characteristics and course of patients who had
high-dose chemotherapy followed by ASCT and were admit-
ted to the ICU are scarce [7-9]. This is especially true for
individuals in whom ICU admission occurred during con-
ditioning therapy or early after ASCT. We thus conducted
a retrospective analysis comprising patients admitted to the
ICU between the initiation of high-dose chemotherapy and
day 30 after ASCT.

Patients and methods
Patients aged > 18 years who had received high-dose

chemotherapy and ASCT at an academic tertiary care
center (University Hospital Cologne) between January
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1, 2014, and December 31, 2020, and had been admitted
to the ICU between the initiation of high-dose chem-
otherapy and day 30 after ASCT were eligible for the
present analysis. The institution’s ICU has of a total of
26 beds. High-flow nasal cannula oxygen therapy, renal
replacement therapy (RRT), and vasopressor therapy
can be conducted on all 26 beds, whereas the ability to
conduct non-invasive ventilation therapy and mechanical
ventilation (MV) is restricted to 14 beds.

Information on patient characteristics, laboratory
parameters, the Hematopoietic Cell Transplantation-
specific Comorbidity Index (HCT-CI) score at initiation
of high-dose chemotherapy, treatment-related informa-
tion, causes for ICU admission, the Sequential Organ
Failure Assessment (SOFA) score at ICU admission, and
procedures performed during the ICU stay were extracted
from the patient charts [10, 11].

Numbers and proportions were indicated for dichot-
omous variables. Medians and ranges were calculated
for continuous variables. Survival curves were obtained
using the Kaplan—Meier method. Overall survival (OS)
was defined as the time from ASCT until death from
any cause and was censored at the date of last informa-
tion for surviving patients. The influence of variables on
OS was analyzed using the log-rank test (Mantel-Cox).
Multivariable analysis including factors that were chosen
according to their clinical relevance was performed using
the Cox-regression method. Statistical significance was
set to p < 0.05 (two-sided). The statistical analyses were
performed using Microsoft Excel (version 16.45) and
RStudio (version 2022.02.0) software for Mac.

Results
Baseline patient characteristics

Between January 1, 2014, and December 31, 2020,
738 patients underwent high-dose chemotherapy and
ASCT at the University Hospital Cologne. Of these, 79
(10.7%) were admitted to the ICU between the initiation
of high-dose chemotherapy and day 30 after ASCT and
thus included in the present analysis. The median age
was 57 years (range: 20-82 years). Females accounted
for 30/79 cases (38%). B-cell non-Hodgkin lymphoma
(B-NHL) and plasma cell disorders (PCD) represented
the most common indications for high-dose chemother-
apy and ASCT (B-NHL: 27/79 patients, 34.2%; PCD:
22/79 patients, 27.8%), whereas Hodgkin lymphoma
(15/79 patients, 19%), T-cell non-Hodgkin lymphoma
(9/79 patients, 11.4%), and solid tumors (6/79 patients,
7.6%) were less frequent indications. The median
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HCT-CI score at the initiation of high-dose chemo-
therapy was 3 (range: 0-9). Most patients had either
complete remission (CR) or partial remission (PR) (CR:
24/79 patients, 30.8%; PR: 34/79 patients, 43%) prior to
high-dose chemotherapy (Table 1).

Characteristics of ICU admission and procedures
on the ICU

The median time interval between ASCT and admission
to the ICU was 7 days (range: day 5—day 20). The most
frequent causes for ICU admission were sepsis (53/79
patients, 67.9%) and neurological symptoms (9/79
patients, 11.4%) (Table 2). Severe neutropenia (defined
as neutrophil count < 500/ul) at ICU admission was
documented for 57/79 patients (72.2%; data not shown).
The median SOFA score was 7 (range: 1-18). Bacte-
ria were detected in 47/79 patients (59.5%) and viruses
in 31/79 patients (39.2%); 11/79 patients (13.9%) had
fungal infections (data not shown). During the stay on
the ICU, 23/79 patients (29.1%) required mechanical
ventilation (MV), 4/79 patients (5.1%) underwent renal
replacement therapy (RRT), and the use of vasopressors
was necessary in 35/79 patients (44.3%). Cardiopulmo-
nary resuscitation (CPR) was performed in 9/79 patients
(11.4%). The median duration of stay on the ICU was
5 days (range: 1-62 days) (Table 2).

Outcome and risk factors

The median observation time was 490 days (range:
5-2260 days) for all patients and 831 days (range:
36-2260 days) for surviving patients. Median OS was not
reached. The ICU, hospital, 90-day, and 1-year survival
rates were 77.2%, 77.2%, 72.2%, and 60.3%, respectively
(Table 3, Fig. 1). Hence, all ICU survivors were also dis-
charged from the hospital.

Overall, 36 patients taken into account for the pre-
sent analysis died during observation. The median time
interval between ICU admission and death was 46 days
(range: 1-2176 days). The median time interval between
ASCT and death was 54 days (range: 5-2183 days). The
most common causes of death were progressive disease
(PD) (16/36 patients, 44.4%) and sepsis (14/36 patients,
38.9%) (Table 3). Deaths occurred during the stay on the
ICU in 18/36 cases (50%). Of these, the majority were
due to sepsis (13/18 patients; 72.2%; data not shown).

Patients with an HCT-CI score > 2 did not have a
worse OS than patients with an HCT-CT score <2
(p=0.25) (Supplemental Fig. 1A). In contrast, patients
with stable disease (SD) or PD prior to high-dose
chemotherapy (p =0.0028) and those who required MV
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Tab]e 1 Cha.r acteristics of All patients Survivors Non-survivors
patients admitted to the ICU
between the initiation of high- % % %
dose chemotherapy and day 30
after ASCT Total patients (n) 79 61 77.2 18 22.8
Age—median (range) 57 (20-82) 57 (20-82) 57 (26-75)
Females (n) 30 38 26 42.6 4 222
Indication for HDCT and ASCT
HL (n) 15 19 12 19.7 3 16.7
B-NHL* (n) 27 34.2 21 344 6 333
T-NHL (n) 9 114 7 11.5 2 11.1
PCD (n) 22 27.8 17 27.9 5 27.8
Solid tumor (n) 6 7.6 4 6.6 2 11.1
Initial diagnosis (n) 38 48.1 28 45.9 10 55.6
Relapsed/refractory disease (n) 41 51.9 33 54.1 8 44.4
Previous HDCT and ASCT 7 8.9 6 9.8 1 5.6
HCT-Cl—median (range) 3(0-9) 2 (0-9) 3(0-8)
HCT-CI>2 41 51.9 30 49.2 11 61.1
Remission status before HDCT and ASCT
CR (n) 24 30.8 20 32.8 4 222
PR (n) 34 43 28 459 6 333
SD (n) 11 13.9 7 11.5 4 222
PD (n) 10 12.7 6 9.8 4 222
Conditioning regimen
BEAM (n) 33 41.8 27 443 6 333
Melphalan (n) 26 32.9 19 31.1 7 38.9
BCNU/thiotepa (n) 11 13.9 9 14.8 2 11.1
Busulfan/thiotepa (n) 3 3.8 2 3.3 1 5.5
Carboplatin/etoposide (n) 4 5.1 2 33 2 11.1
Busulfan/melphalan (n) 1 1.3 1 1.6 0 0
PEI (n) 1 1.3 1 1.6 0 0

*B-NHL include PCNSL (n=10), DLBCL (n=9), MCL (n=4), FL (n=3), and PMBCL (n=1)

Legend: Survivors, patients who survived the ICU stay; non-survivors, patients who died during the ICU
stay; HDCT, high-dose chemotherapy; ASCT, autologous stem cell transplantation; HL, Hodgkin lym-
phoma; B-NHL, B-cell non-Hodgkin lymphoma; 7-NHL, T-cell non-Hodgkin lymphoma; PCD, plasma cell
disorder; HCT-CI, Hematopoietic Cell Transplantation-specific Comorbidity Index; CR, complete remis-
sion; PR, partial remission; SD, stable disease; PD, progressive disease; BEAM, BCNU, etoposide, cyta-
rabine, melphalan; PEI, cisplatin, etoposide, ifosfamide; /CU, intensive care unit; PCNSL, primary central
nervous system lymphoma; DLBCL, diffuse large B-cell lymphoma; MCL, mantle cell lymphoma; FL, fol-
licular lymphoma; PMBCL, primary mediastinal B-cell lymphoma

during the stay on the ICU (p <0.0001) had a signifi-
cantly reduced OS (Supplemental Fig. 1B, Supplemental
Fig. 1C). Only 5/23 patients (21.7%) necessitating MV
were alive at the last follow-up (Supplemental Fig. 1C).

According to a univariable analysis, patients with SD/PD
prior to high-dose chemotherapy had a higher probability of
death in comparison with patients with CR/PR (HR: 4.65,
95% CI: 1.43-17.04, p=0.005). Patients requiring MV dur-
ing their stay on the ICU were at an increased risk of death
as compared with patients not necessitating MV (HR: 8.01,
95% CI: 2.38-32.33, p<0.001). Higher age was also a poor-
risk factor in terms of OS (HR: 1.04, 95% CI: 1.00-1.08 per
year, p=0.046) (Table 4).

A multivariable Cox-regression analysis including the
variables SD/PD prior to high-dose chemotherapy, MV,
age, HCT-CI score at initiation of high-dose chemother-
apy, and SOFA score at ICU admission was conducted.
The analysis revealed MV as a risk factor with respect to
OS (HR: 4.58, 95% CI: 1.53-13.64, p =0.006). In con-
trast, SD/PD (HR: 1.20, 95% CI: 0.49-2.92, p =0.692),
age (HR: 1.02, 95% CI: 0.99-1.05 per year, p =0.146),
HCT-CI score at the initiation of high-dose chemother-
apy (HR: 1.01, 95% CI: 0.83-1.23 per point, p =0.908),
and SOFA score at ICU admission (HR: 1.03, 95% CI:
0.90-1.19 per point, p =0.675) were not associated with
an increased risk of death (Table 4).
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Table 2 ICU characteristics of patients admitted to the ICU between the initiation of high-dose chemotherapy and day 30 after ASCT

All patients Survivors Non-survivors
% % %

Total patients (n) 79 61 77.2 18 22.8
Major cause for ICU admission

Sepsis (n) 53 67.9 41 67.2 12 66.7

Neurological symptoms (n) 11.4 8 13.1 1 5.6

Bleeding (n) 3.9 3 4.9 0 0

Arrhythmia (n) 2.6 2 33 0 0

Others (n) * 12 15.2 7 11.5 5 27.8
ICU admission characteristics

Time from ASCT to ICU admission (days)—median (range) 7 (—5-20) 7 (—5-20) 7.5 (=4-13)

SOFA score at ICU admission—median (range) 7 (1-18) 7 (1-15) 9 (3-18)

Lactate (mmol/l) at ICU admission—median (range) 1.3 (0.4-7.03) 1.2 (0.4-7.03) 2.1 (0.5-4.6)
Procedures on the ICU

MV (n) 23 29.1 8 13.1 15 83.3

NIV (n) 9 11.4 0 0 9 50

HENO (n) 17 21.5 8 13.1 9 50

vwECMO (n) 2 2.5 0 0 2 11.1

RRT (n) 4 5.1 0 0 4 22.2

Vasopressors (n) 35 443 19 31.1 16 88.9

CPR (n) 9 11.4 2 33 7 38.9

ROSC (n) 8 2 6

Survived (n) 2 2 0

Duration of ICU stay (days)—median (range) 5 (1-62) 5 (1-59) 11 (1-62)

“Others include respiratory failure for reasons other than pneumonia, metabolic disorders, drug intoxication or overdose, PD, cardiopulmonary

resuscitation, and ileus

Legend: Survivors, patients who survived the ICU stay; non-survivors, patients who died during the ICU stay; ICU, intensive care unit; ASCT,
autologous stem cell transplantation; SOFA, Sequential Organ Failure Assessment; MV, mechanical ventilation; NIV, non-invasive ventilation;
HFNO, high-flow nasal cannula oxygen; ECMO, extracorporeal membrane oxygenation; RRT, renal replacement therapy; CPR, cardiopulmo-
nary resuscitation; ROSC, return of spontaneous circulation; PD, progressive disease

Table 3 Survival characteristics
and causes of death among
patients admitted to the ICU
between the initiation of high-
dose chemotherapy and day 30
after ASCT

@ Springer

%
ICU survival (n) 61/79 77.2
Hospital survival (n) 61/79 77.2
90-day survival (n) 5779 722
1-year survival (n) 47/78 60.3
Follow-up (days)—median (range) (all patients) 490 (5-2260)
Follow-up (days)—median (range) (survivors) 831 (36-2260)
Time from ICU admission to death (days)—median (range) 46 (1-2176)
Time from ASCT to death (days)—median (range) 54 (5-2183)
Cause of death
Sepsis (n) 14/36 38.9
PD (n) 16/36 44.4
Others (n) 6/36 16.7

Legend: ICU, intensive care unit; ASCT, autologous stem cell transplantation; PD, progressive disease
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Table 4 Univariable analysis (upper) and multivariable analysis
(lower) of possible risk factors affecting survival

Variable HR 95% CI P
Univariable analysis
SD/PD 4.65 1.43-17.04 0.005
MV 8.01 2.38-32.33 <0.001
Age (per year) 1.04 1.00-1.08 0.046
Multivariable analysis
SD/PD 1.2 0.49-2.92 0.692
MV 4.58 1.53-13.64 0.006
Age (per year) 1.02 0.99-1.05 0.146
HCT-CI (per point) 1.01 0.83-1.23 0.908
SOFA score at ICU 1.03 0.90-1.19 0.675

admission (per point)

Legend: SD, stable disease; PD, progressive disease; MV, mechani-
cal ventilation; HR, hazard ratio; CI, confidence interval, HCT-CI,
Hematopoietic Cell Transplantation-specific Comorbidity Index;
SOFA, Sequential Organ Failure Assessment

Discussion

Data on patients admitted to the ICU during hospitaliza-
tion for high-dose chemotherapy and ASCT are scarce. We
therefore performed a single-center retrospective analysis
comprising 79 individuals who had treatment on the ICU
between the initiation of high-dose chemotherapy and day
30 after ASCT. The major findings were as follows: (1)
10.7% of patients who underwent high-dose chemother-
apy and ASCT were admitted to the ICU within the first
30 days from ASCT; (2) outcome of patients included in

the analysis was generally favorable with a 1-year OS of
60.3%; and (3) patients with SD/PD prior to high-dose
chemotherapy and individuals who required MV during
their stay on the ICU had an increased death rate.

In the present analysis, 10.7% of patients who had high-
dose chemotherapy and ASCT between 2014 and 2020 were
admitted to the ICU between the initiation of high-dose
chemotherapy and day 30 after ASCT. The median age was
57 years, and females accounted for 38% of cases. Hence,
the ICU admission rate was higher than in previous analyses.
An analysis from a single institution in Germany compris-
ing patients who underwent high-dose chemotherapy and
ASCT between 2008 and 2014 indicated an ICU admission
rate of 5.1%. According to an older retrospective study from
Canada including patients treated with high-dose chemo-
therapy and ASCT between 2001 and 2006, the ICU admis-
sion rate was 3.3%. The median age of patients included in
the present analysis was comparable to the previous reports
(64 years and 57 years, respectively), whereas the proportion
of females was lower than in the earlier studies (47% and
53%, respectively) [7, 8]. The higher ICU admission rate in
the present analysis may at least in part be due to the more
recent advent of data suggesting an improved OS for criti-
cally ill patients with hematologic malignancies who were
admitted to the ICU early [12].

The most common cause for ICU admission in the
present analysis was sepsis (53/79 patients, 67.9%). The
median SOFA score at admission to the ICU was 7. These
results are in line with an earlier report from Germany
indicating that sepsis was the cause for ICU admission
in 67% of cases; the median SOFA score at admission
to the ICU was 8 [7]. In contrast, analyses addressing

@ Springer



196

Annals of Hematology (2023) 102:191-197

the outcome of individuals admitted to the ICU early
after allogeneic stem cell transplantation revealed higher
median SOFA scores up to 14 reflecting more severe ill-
ness in these patients [13—15].

In the present analysis, 23/79 patients (29.1%) required
MYV, 4/79 patients (5.1%) had RRT, and 35/79 patients
(44.3%) needed vasopressors. A retrospective study from
Brazil including 301 patients who had been treated with
high-dose chemotherapy followed by ASCT for a hema-
tologic malignancy and were admitted to the ICU within
1 year from ASCT indicated similar rates for MV and vaso-
pressor use (29.9% and 35.5%, respectively) and a slightly
higher rate for RRT (17.3%) [9]. Critically ill patients who
had undergone allogeneic stem cell transplantation were
reported to have a significantly higher need for MV, RRT,
and vasopressors than individuals included in the present
analysis. According to a retrospective study comprising
70 patients who were admitted to the ICU between the
beginning of conditioning therapy and day 30 after allo-
geneic stem cell transplantation, MV, RRT, and vasopres-
sors were necessary in 55.7%, 27.1%, and 64.3% of cases,
respectively [13]. A registry-based analysis from Denmark
investigating characteristics and outcomes of patients who
had been admitted to the ICU within 3 years from the
diagnosis of acute myeloid leukemia (AML) also reported
higher rates for MV and RRT than observed in the present
analysis. Within the time interval from 2013 to 2016, MV
and RRT were required in roughly 40% and 20% of criti-
cally ill AML patients, respectively [16].

According to the present analysis, survival rates for
patients admitted to the ICU during hospitalization for
high-dose chemotherapy and ASCT were better than those
previously reported for patients admitted to the ICU early
after allogeneic stem cell transplantation and for critically
ill patients with AML. The ICU and 1-year survival rates
for patients included in the present analysis were 77.2%
and 60.3%, respectively, whereas 3 analyses comprising
patients admitted to the ICU during hospitalization for
allogeneic stem cell transplantation indicated ICU sur-
vival rates ranging between 48.6 and 64.6% and 1-year
survival rates ranging between 16.2 and 33% [13, 15, 17].
An older analysis evaluating the outcome of critically ill
AML patients demonstrated an ICU survival rate of 45%
[18]. These differences in favor of the patients from the
present analysis who had undergone high-dose chemo-
therapy and ASCT are possibly attributable to the more
transient immunosuppression in comparison with indi-
viduals who had allogeneic stem cell transplantation and
the lower proportion of patients with a relevant activity of
the underlying malignancy in comparison with individu-
als with AML admitted to the ICU.

Among patients included in the present analysis,
insufficient response to treatment prior to high-dose
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chemotherapy and ASCT and the necessity of MV were
associated with an impaired OS. This result does not
come unexpected since it has been demonstrated for
a multitude of malignancies that patients who do not
achieve a remission upon treatment prior to high-dose
chemotherapy and ASCT have a poor prognosis [19-21].
The necessity of MV represents a strong risk factor for
a decreased survival in critically ill patients irrespective
of the underlying disease [22, 23].

The present study has some limitations due to its single-
center retrospective design. Unfortunately, it was also not
possible to draw valid conclusions with regard to the ques-
tion of whether outcomes differ between patients with dif-
ferent malignancies since the respective subgroups were too
small. The inability to obtain sufficient data on the outcome
of patients who had undergone high-dose chemotherapy
and ASCT at our institution and were not admitted to the
ICU represents an additional weakness since a comparison
between individuals admitted to the ICU during hospitali-
zation for high-dose chemotherapy and ASCT and patients
not necessitating treatment on the ICU could thus not be
conducted.

Taken together, the present study demonstrated that
patients admitted to the ICU between the initiation of high-
dose chemotherapy and day 30 after ASCT have a favorable
overall outcome. Therefore, these patients should not be
denied admission and treatment on the ICU.

Supplementary information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00277-022-05028-x.

Author contribution All authors provided study material or patients;
JGB, DAE, and JMH performed analyses and wrote the manuscript; all
authors approved the final version of the manuscript.

Funding Open Access funding enabled and organized by Projekt
DEAL.

Data availability The data generated and analyzed are available upon
request. Decisions in terms of data sharing will be made on a case-
by-case basis.

Declarations

Ethics approval Given the non-interventional retrospective nature of
the study, no ethical approval for its conduct was necessary according
to the policy of the ethics committee of the Faculty of Medicine of the
University of Cologne. For the same reason, no informed consent had
to be obtained from the included patients.

Conflict of interest JGB received research funding and travel support
from Kite/Gilead; BB received honoraria, research funding, or travel
support from Astellas, Celgene, Janssen Cilag, Johnson & Johnson,
Kite/Gilead, MSD, Noscendo, Novartis, Pfizer, Sanofi, and Takeda;
MK received honoraria from Astellas, Gilead, MSD, and Pfizer; DAE
received honoraria from Sanofi-Genzyme and Takeda; JMH received
research funding or travel support from Gilead, Incyte, and Novartis;
the other authors declare no potential conflicts of interest.


https://doi.org/10.1007/s00277-022-05028-x

Annals of Hematology (2023) 102:191-197

197

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

10.

11.

Schmitz N, Pfistner B, Sextro M et al (2002) Aggressive conven-
tional chemotherapy compared with high-dose chemotherapy with
autologous haemopoietic stem-cell transplantation for relapsed
chemosensitive Hodgkin’s disease: a randomised trial. Lancet
359:2065-2071. https://doi.org/10.1016/S0140-6736(02)08938-9
Philip T, Guglielmi C, Hagenbeek A et al (1995) Autologous bone
marrow transplantation as compared with salvage chemotherapy
in relapses of chemotherapy-sensitive non-Hodgkin’s lymphoma.
N Engl J Med 333:1540-1545. https://doi.org/10.1056/NEIM1
99512073332305

Ferreri AJM, Cwynarski K, Pulczynski E et al (2022) Long-
term efficacy, safety and neurotolerability of MATRix regimen
followed by autologous transplant in primary CNS lymphoma:
7-year results of the IELSG32 randomized trial. Leukemia. https://
doi.org/10.1038/541375-022-01582-5

Brink M, Meeuwes FO, van der Poel MW et al (2022) Impact of
etoposide and ASCT on survival among patients <65 years with
stage II-IV PTCL; a population-based cohort study. Blood. https://
doi.org/10.1182/blood.2021015114

Dhakal B, Szabo A, Chhabra S et al (2018) Autologous transplantation for
newly diagnosed multiple myeloma in the era of novel agent induction.
JAMA Oncol 4:343. https://doi.org/10.1001/jamaoncol.2017.4600
Bokemeyer C, Kollmannsberger C, Meisner C et al (1999) First-
line high-dose chemotherapy compared with standard-dose PEB/
VIP chemotherapy in patients with advanced germ cell tumors:
a multivariate and matched-pair analysis. J Clin Oncol 17:3450-
3456. https://doi.org/10.1200/JC0O.1999.17.11.3450
Karagiannis P, Sdnger L, Alsdorf W et al (2020) Intensive care
outcomes of patients after high dose chemotherapy and subse-
quent autologous stem cell transplantation: a retrospective, single
centre analysis. Cancers (Basel) 12:1678. https://doi.org/10.3390/
cancers12061678

Trinkaus MA, Lapinsky SE, Crump M et al (2009) Predictors of
mortality in patients undergoing autologous hematopoietic cell
transplantation admitted to the intensive care unit. Bone Marrow
Transplant 43:411-415. https://doi.org/10.1038/bmt.2008.336
Nassar AP, Archanjo LVF, Ranzani OT et al (2022) Characteris-
tics and outcomes of autologous hematopoietic stem cell transplant
recipients admitted to intensive care units: a multicenter study. J Crit
Care 71:154077. https://doi.org/10.1016/j.jcrc.2022.154077

Sorror ML, Maris MB, Storb R et al (2005) Hematopoietic cell
transplantation (HCT)-specific comorbidity index: a new tool for
risk assessment before allogeneic HCT. Blood 106:2912-2919.
https://doi.org/10.1182/blood-2005-05-2004

Vincent J-L, Moreno R, Takala J et al (1996) The SOFA (Sepsis-
related Organ Failure Assessment) score to describe organ dys-
function/failure. Intensive Care Med 22:707-10. https://doi.org/
10.1007/BF01709751

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Azoulay E, Mokart D, Pene F et al (2013) Outcomes of criti-
cally ill patients with hematologic malignancies: prospective
multicenter data from France and Belgium—a Groupe de
Recherche Respiratoire en Réanimation Onco-Hématologique
Study. J Clin Oncol 31:2810-2818. https://doi.org/10.1200/
JC0.2012.47.2365

Garcia Borrega J, Heger J-M, Koehler P et al (2022) Allogeneic
stem cell transplant recipients admitted to the intensive care unit
during the peri-transplant period have unfavorable outcomes—
results of a retrospective analysis from a German university
hospital. Ann Hematol 101:389-395. https://doi.org/10.1007/
s00277-021-04698-3

Hamidi M, Gossack-Keenan KL, Ferreyro BL et al (2019) Out-
comes of hematopoietic cell transplant recipients requiring inva-
sive mechanical ventilation: a two-centre retrospective cohort
study. Can J Anesth Can d’anesthésie 66:1450-1457. https://doi.
org/10.1007/s12630-019-01439-z

Michel CS, Teschner D, Schmidtmann I et al (2019) Prognostic
factors and outcome of adult allogeneic hematopoietic stem cell
transplantation patients admitted to intensive care unit during
transplant hospitalization. Sci Rep 9:1-7. https://doi.org/10.1038/
$41598-019-56322-0

Maeng CV, @stgard LSG, Christiansen CF, Liu KD (2021)
Changes in intensive care unit admission rates, organ support,
and mortality in patients with acute myeloid leukaemia over a
12-year period: a Danish nationwide cohort study. Br J Haematol
195:137-140. https://doi.org/10.1111/bjh.17630

Mayer S, Pastores SM, Riedel E et al (2017) Short- and long-term
outcomes of adult allogeneic hematopoietic stem cell transplant
patients admitted to the intensive care unit in the peritransplant
period. Leuk Lymphoma 58:382-390. https://doi.org/10.1080/
10428194.2016.1195499

Schellongowski P, Staudinger T, Kundi M et al (2011) Prog-
nostic 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 96:231-237. https://doi.org/10.3324/haema
t01.2010.031583

Moskowitz CH, Matasar MJ, Zelenetz AD et al (2012) Normali-
zation of pre-ASCT, FDG-PET imaging with second-line, non—
cross-resistant, chemotherapy programs improves event-free sur-
vival in patients with Hodgkin lymphoma. Blood 119:1665-1670.
https://doi.org/10.1182/blood-2011-10-388058

Sauter CS, Matasar MJ, Meikle J et al (2015) Prognostic
value of FDG-PET prior to autologous stem cell transplan-
tation for relapsed and refractory diffuse large B-cell lym-
phoma. Blood 125:2579-2581. https://doi.org/10.1182/
blood-2014-10-606939

Eyre TA, Barrington SF, Okosun J et al (2022) Impact of
PET-CT status on progression-free survival for relapsed fol-
licular lymphoma patients undergoing autologous stem cell
transplant. Haematologica. https://doi.org/10.3324/haematol.
2021.280287

Al-Zubaidi N, Shehada E, Alshabani K et al (2018) Predictors of
outcome in patients with hematologic malignancies admitted to
the intensive care unit. Hematol Oncol Stem Cell Ther 11:206—
218. https://doi.org/10.1016/j.hemonc.2018.03.003

Azoulay E, Moreau D, Alberti C et al (2000) Predictors of short-
term mortality in critically ill patients with solid malignancies.
Intensive Care Med 26:1817-1823. https://doi.org/10.1007/s0013
40051350

Publisher's note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/S0140-6736(02)08938-9
https://doi.org/10.1056/NEJM199512073332305
https://doi.org/10.1056/NEJM199512073332305
https://doi.org/10.1038/s41375-022-01582-5
https://doi.org/10.1038/s41375-022-01582-5
https://doi.org/10.1182/blood.2021015114
https://doi.org/10.1182/blood.2021015114
https://doi.org/10.1001/jamaoncol.2017.4600
https://doi.org/10.1200/JCO.1999.17.11.3450
https://doi.org/10.3390/cancers12061678
https://doi.org/10.3390/cancers12061678
https://doi.org/10.1038/bmt.2008.336
https://doi.org/10.1016/j.jcrc.2022.154077
https://doi.org/10.1182/blood-2005-05-2004
https://doi.org/10.1007/BF01709751
https://doi.org/10.1007/BF01709751
https://doi.org/10.1200/JCO.2012.47.2365
https://doi.org/10.1200/JCO.2012.47.2365
https://doi.org/10.1007/s00277-021-04698-3
https://doi.org/10.1007/s00277-021-04698-3
https://doi.org/10.1007/s12630-019-01439-z
https://doi.org/10.1007/s12630-019-01439-z
https://doi.org/10.1038/s41598-019-56322-0
https://doi.org/10.1038/s41598-019-56322-0
https://doi.org/10.1111/bjh.17630
https://doi.org/10.1080/10428194.2016.1195499
https://doi.org/10.1080/10428194.2016.1195499
https://doi.org/10.3324/haematol.2010.031583
https://doi.org/10.3324/haematol.2010.031583
https://doi.org/10.1182/blood-2011-10-388058
https://doi.org/10.1182/blood-2014-10-606939
https://doi.org/10.1182/blood-2014-10-606939
https://doi.org/10.3324/haematol.2021.280287
https://doi.org/10.3324/haematol.2021.280287
https://doi.org/10.1016/j.hemonc.2018.03.003
https://doi.org/10.1007/s001340051350
https://doi.org/10.1007/s001340051350

	Characteristics and outcomes of patients undergoing high-dose chemotherapy and autologous stem cell transplantation admitted to the intensive care unit: a single-center retrospective analysis
	Abstract
	Introduction
	Patients and methods
	Results
	Baseline patient characteristics
	Characteristics of ICU admission and procedures on the ICU
	Outcome and risk factors

	Discussion
	References


