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Abstract

Purpose: The question of whether cancer patients with severe respiratory failure benefit from veno-venous extracor-
poreal membrane oxygenation (vw-ECMO) remains unanswered. We, therefore, analyzed clinical characteristics and
outcomes of a large cohort of cancer patients treated with vv-ECMO with the aim to identify prognostic factors.

Methods: 297 cancer patients from 19 German and Austrian hospitals who underwent vw-ECMO between 2009 and
2019 were retrospectively analyzed. A multivariable cox proportional hazards analysis for overall survival was per-
formed. In addition, a propensity score-matched analysis and a latent class analysis were conducted.

Results: Patients had a median age of 56 (IQR 44-65) years and 214 (72%) were males. 159 (54%) had a solid tumor
and 138 (47%) a hematologic malignancy. The 60-day overall survival rate was 26.8% (95% Cl 22.1-32.4%). Low
platelet count (HR 0.997, 95% Cl 0.996-0.999; p=0.0001 per 1000 platelets/pl), elevated lactate levels (HR 1.048, 95%
C11.012-1.084; p=0.0077), and disease status (progressive disease [HR 1.871,95% Cl 1.081-3.238; p=0.0253], newly
diagnosed [HR 1.571, 95% CI 1.044-2.364; p =0.0304]) were independent adverse prognostic factors for overall sur-
vival. A propensity score-matched analysis with patients who did not receive ECMO treatment showed no significant
survival advantage for treatment with ECMO.

Conclusion: The overall survival of cancer patients who require vw-ECMO is poor. This study shows that the value of
w-ECMO in cancer patients with respiratory failure is still unclear and further research is needed. The risk factors iden-
tified in the present analysis may help to better select patients who may benefit from vv-ECMO.
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Introduction

Cancer patients are at increased risk for the development
of respiratory failure, either due to the underlying malig-
nancy or due to cancer treatment-related complications
[1]. Respiratory failure represents the most common
cause for intensive care unit (ICU) admission among
patients with a malignancy [2-5]. Despite substantial
improvements made in recent years, mortality attrib-
utable to acute respiratory failure remains high in this
patient population [6].

Acute respiratory failure and acute respiratory dis-
tress syndrome (ARDS) are associated with a mortality
rate between 28 and 50% [7, 8]. Despite improvements
in recent years, mortality in patients with cancer remains
to be worse [9]. Veno-venous extracorporeal mem-
brane oxygenation (vv-ECMO) is a treatment option
for patients with severe ARDS in whom conventional
mechanical ventilation fails [10-12]. Vv-ECMO can
serve as an artificial lung, providing extracorporeal gas
exchange to maintain adequate oxygenation and carbon
dioxide removal with the aim to minimize ventilator-
induced lung injury until the cause of severe respiratory
failure has resolved. Over the last decade, technological
advances of ECMO circuits and improvements in the
clinical management have resulted in better overall out-
comes in patients undergoing vv-ECMO [13-15]. Recent
data from the registry of the Extracorporeal Life Support
Organization (ELSO) indicated a hospital discharge rate
of 58% among non-cancer patients with severe ARDS
receiving vv-ECMO [16].

Despite these improvements, the selection of patients
eligible for vv-ECMO is an ongoing controversy. This is
especially true for cancer patients given the prognostic
uncertainty with regard to the underlying malignancy,
the increased rate of infections relative to the general
ICU population, and a high risk of severe vv-ECMO-
related adverse events [17-21]. Consequently, the Guide-
line from the Extracorporeal Life Support Organization
(ELSO) includes immunosuppression as relative con-
traindication for the application of vv-ECMO [22]. Data
on the use of vv-ECMO in cancer patients are limited.
We, therefore, conducted a large multicenter retrospec-
tive study to describe clinical characteristics, outcomes
and prognostic factors of cancer patients treated with
vv-ECMO.

Patients and methods

Patients

Cancer patients>18 years, with acute hypoxemic res-
piratory failure, who underwent vv-ECMO in 17 Ger-
man and 2 Austrian hospitals between 1 January, 2009
through 31 December, 2019 were included in this

Take-home message

The overall survival of cancer patients who require vww-ECMO is poor
and, therefore, vwv-ECMO should only be offered to selected patients.
We identified disease status, low platelet count and high lactate lev-
els are indicators of poor prognosis that should be accounted for in
the decision to provide vv-ECMO.

retrospective multicenter study. Patients were eligible if
they had been diagnosed with cancer within 5 years prior
to the start of vv-ECMO treatment or if cancer was newly
diagnosed with full confirmation during vv-ECMO treat-
ment. All patients in this latter category were diagnosed
with a malignant disease prior to initiation of ECMO
either by imaging and/or initial histologic workup tumor
tissue samples but were either missing final confirmation
of their precise tumor diagnosis and/or had not initiated
treatment yet. In none of the included patients was the
cancer diagnosis made after ECMO initiation as a chance
finding.

The study was conducted in accordance with the
amended Declaration of Helsinki 2013. The study pro-
tocol was approved by the Institutional Review Board of
the University of Cologne. Given the retrospective nature
and the non-interventional design of the study, informed
consent was waived.

Data
Age, gender, type and stage of the malignancy, date of
diagnosis, type and date of cancer therapies (i.e., chemo-,
immuno-, or radiotherapy, autologous or allogeneic
stem cell transplantation) as well as the remission sta-
tus were recorded (for details see Supplementary Infor-
mation methods). A modified Charlson Comorbidity
Index (mCCI) (excluding age and cancer diagnosis) was
assessed to account for concurrent or preexisting con-
ditions. Arterial blood gas parameters (pH, paO, and
paCO,, lactate), P/F ratio and laboratory tests including
white blood cell count, platelet count, and hemoglobin,
were also recorded. In addition, the following variables
were assessed: vasopressor use, transfused blood prod-
ucts (platelets and packed red blood cells (PRBC)), dura-
tion of vw-ECMO, duration of mechanical ventilation,
length of ICU and hospital stay, other procedure-related
complications (trauma or bleeding related to cannula
insertion, clotting events), severe bleeding complications
(according to the International Society of Thrombo-
sis and Haemostasis (ISTH) (at least two units of PRBC,
surgical interventions or intracerebral hemorrhage [23]),
ICU and hospital survival, time of death, if applicable, as
well as time of the last visit.

The decision to withdraw/withhold ECMO support or
other life-sustaining therapies was made in accordance
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with the German Society of Hematology and Medical
Oncology (DGHO) and Austrian Society of Hematology
and Oncology (OeGHO) consensus guidelines for cancer
patients requiring intensive care support [5].

In addition to the data from the primary cohort, we
used data from the EFRAIM study, a multinational pro-
spective cohort study, which enrolled 1611 immuno-
compromised patients with acute hypoxemic respiratory
failure [24]. Inclusion criteria were>18 years; acute
hypoxemic respiratory failure; need for more than 6 L/
min oxygen; respiratory symptom duration less than
72 h and non-AIDS-related immune deficiency defined
as hematologic malignancy or solid tumor (active or in
remission for less than 5 years, including recipients of
autologous or allogeneic stem cell transplantation). This
study evaluated the effects of the initial management
strategy on patient outcome, i.e., endotracheal intuba-
tion rate and mortality. 51.9% and 35.2% of the patients
enrolled in the study had a hematologic malignancy or a
solid tumor, respectively.

Statistical analysis

Baseline categorical variables were reported as counts
and percentages and were compared using the chi-square
test. Baseline continuous variables were reported as
medians and interquartile ranges (IQR) and were com-
pared with the Mann—Whitney U-test. Overall survival
was described with Kaplan—Meier survival curves, and
the comparisons between groups were performed using
the log-rank test. Model-based multiple imputation was
used to account for missing values of variables. Missing
data were imputed using a random forest algorithm.

Multivariable hierarchical models with random inter-
cept per center were used to identify factors indepen-
dently associated with survival. The results are reported
using adjusted odds ratios (OR) for clinical covariates
with 95%-confidence intervals (CI). The multivariable
mixed-effect Cox proportional hazards models and gen-
eralized linear mixed-effect models were computed in R
using the coxme and Ime4 package, respectively. Sensitiv-
ity analysis was conducted and confirmed robustness of
the results.

To compare the outcome of our cohort with patients
managed without the use of ECMO, a propensity score-
matched analysis was performed (see Supplementary
Information: Propensity score matching). Latent class
analysis (LCA) was used to derive latent subgroups
within our patient cohort (see Supplementary Informa-
tion: Latent class analysis).

All p values are two sided. P values <0.05 were consid-
ered statistically significant, without correction for mul-
tiple testing. Analyses were performed with R software,
version 4.0.3 (R Foundation).

Results

A total of 297 patients were included in the study.
Baseline characteristics are summarized in Table 1.
There were significant clinical differences between
patients with hematologic malignancies and solid
tumors (Table 1). Median baseline PaO,/FiO, ratio was
71 mmHg [IQR 54-98 mmHg]. The PaO,/FiO, ratio was
lower in the group of patients with hematologic malig-
nancies (67 mmHg [54-89 mmHg] versus 73 mmHg
[59-104 mmHg]; p=0.015). The median time from
endotracheal intubation to vv-ECMO initiation was
2 days (IQR 0.65-8.62 days). Before vv-ECMO vasopres-
sor support was necessary in 92.6% of patients and 16.2%
required renal replacement therapy; 42 (14.1%) patients
had undergone cardiopulmonary resuscitation (CPR)
within 10 days before vv-ECMO was initiated.

The median follow-up was 182 days (95% CI 115-
391 days). The 60-day overall survival for the entire
study population was 26.8% (95% CI 22.1-32.4%). Base-
line clinical characteristics that were associated with
worse survival in multivariable analysis included dis-
ease status (newly diagnosed: HR 1.571 (95% CI 1.044—
2.364; p=0.0304); progressive disease: HR 1.871 (95%
CI 1.081-3.238; p=0.0253)), lower platelet counts (HR
0.997 (95% CI 0.996-0.999; p =0.0001 per 1000 plate-
lets/pul) and elevated serum lactate (HR 1.048 (95% CI
1.012-1.084; p=0.0077)) (Fig. 1, Supplementary Infor-
mation Fig. 1).

An additional prognostic factor in patients with hema-
tologic malignancies was serum lactate at baseline, a
well-established prognostic factor in critically ill patients
[35, 36]. In patients with solid tumors, only serum cre-
atinine had independent prognostic impact in addition to
platelet count. This finding in cancer patients with solid
tumors is in line with many other studies on a variety of
critically ill patients showing that decreased renal func-
tion is associated with worse outcome [37, 38].

Patients with hematologic malignancies had a lower
median overall survival than patients with solid tumors
(Supplementary Information Fig. 2). 60-day overall sur-
vival was 23% (16.8-31.5% 95% CI) for patients with
hematologic malignancies and 30% (23.6-38.1% 95%
CI) for patients with solid tumors (p =0.048). In mul-
tivariable analysis, only platelet count was associated
with a decreased overall survival in both patients with
hematologic malignancies (0.997 (95% CI 0.994—0.999;
»=0.0372)) and solid tumors 0.998 (95% CI 0.996—
0.999; p=0.0067) (Supplementary Information Figs. 3
and 4). In patients with hematologic malignancies,
progressive disease (HR 3.642 (95% CI 1.693-7.838;
p=0.0009) and higher lactate levels (HR 1.093 (95%
CI 1.040-1.149; p =0.0004) were independent adverse
prognostic factors. In addition to the platelet count,
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Table 1 Baseline Characteristics and comparison between patients with hematologic malignancies and solid tumors

Overall

No. of patients (%) 297
Age (median [IQR]) 56 [44-65]
Sex, male (%) 214(72.1)
Leading cause for ICU admission

Respiratory failure 203 (684)

Surgery 41(13.8)

Non-pulmonary infection 25 (8.4)

Cardiac event 2(0.7)

Other 26 (8.8)
Reason for vww-ECMO (%)

Respiratory failure 284 (95.6)

ECMO-facilitated surgery 13 (4.4)
RESP score (median [IQR]) —1[-3,2]

P/F ratio (median [IQR])

Time between intubation and vw-ECMO (in days) (median 210, 8]
[IQR])
Noradrenalin equivalents (median [IQR]) 0.33[0.1,0.9]
Vasopressors before vv-ECMO 275(92.6)
Renal replacement therapy before vv-ECMO 48(16.2)
Mechanical ventilation last 180d 60 (20.2)
Cardiopulmonary resuscitation before vw-ECMO 42 (14.1)
mCCl total (median [IQR]) 0[0-1]
Disease status at admission to ICU (%)
CR 133 (44.8)
Newly diagnosed 56 (18.9)
PR/Controlled 70 (23.6)
Progression 22 (7.4)
Unknown 16 (5.4)
Cancer treatment (chemotherapy, radiotherapy, immuno- 144 (48.5)
therapy) within 90 days before vv-ECMO initiation
Previous autologous HSCT 13 (44)
Previous allogeneic HSCT 50(16.8)
GVHD on admission to ICU 23(7.7)

Leukocytes G/L (median [IQR])

Neutropenia (< 500/microl) 42 (14.1)
Hemoglobin g/dl (median [IQR]) 9.28 [8.3-10.2]
Platelets G/L (median [IQR]) 135 [44-242]
Creatinine mg/dl (median [IQR]) 1.15[0.8-1.7]
Lactate (mmol/Il) 2.07 [1.33-44]

70.5 [54.5, 98.26]

1239 1[5, 18.2]

Hematologic malignancies Solid tumors p-value
138 (46.4) 159 (53.5)

48 [35.2-58.7] 59 [52.5-67] <0.001
99 (71.7) 115(72.3)

110 (79.7) 93 (58.5) <0.001
2(14) 39 (24.5)

12(8.7) 13(8.2)

0(0) 2(1.3)

14(10.1) 12(7.5)

138 (100) 146 (91.9) 0.003
0(0) 13(8.1)

0[—2-2] —1[=4-1] <0.001
67.05 [53.78-89.37] 73.33 [58.6-103.97] 0.017
1.510,7] 3[05,9] 0.051
0.34 [0.12-0.96] 0.3 [0.1-0.86] 0.583
129 (93.5) 146 (91.8) 0.748
25(18.1) 23 (14.5) 0487
8(5.9) 52(327) <0.001
15(10.9) 27 (17) 0.180
0[0-1] 1[0-2] 0.003
58 (42) 75(47.2) 0.697
30(21.7) 26 (16.4)

33(239) 37(233)

11(8) 11(6.9)

6 (4.3) 10 (6.3)

85 (61.6) 59 (37.1) <0.001
13 (9.4) 0(0) <0.001
50 (36.2) 0(0) <0.001
23(16.7) 0(0) <0.001
6.08 [1.81-13.46] 14.86 [11.25-20.1] <0.001
38(27.5) 425) <0.001
9.1 [83-10.2] 9.34 [8.4-10.08] 0323
48[21.25-135] 200 [126.53-313] <0.001
1.23 [0.75-1.91] 1.12 [0.86-1.63] 0.847
2[1.33-4.77] 2.1[1.33-3.9] 0411

Data are presented as n (%) for categorical variables and median (IQR) for continuous variables

ICU intensive care unit, mCCl modified Charlson Comorbidity Index (CCl) (excluded age and cancer diagnosis), HSCT hematopoietic stem cell transplantation, RESP
Respiratory ECMO Survival Prediction Score, CR complete remission, PR partial remission, GVHD Graft versus host disease

higher serum creatinine was independently associ-
ated with a lower overall survival in patients with solid
tumors (HR 1.332 (95% CI 1.031-1.721; p =0.0284).
The need of transfusion of blood products was fre-
quent in both patient groups. 94.6% and 63% of the
patients required at least one unit of PRBCs or plate-
let concentrate, respectively (Table 2). More than

half of the patients (52.5%) received > 10 PRBC units
(hematologic malignancies: 52.2%; solid tumors:
52.8%; p=0.974). Given the significantly lower plate-
let count at baseline, patients with hematologic malig-
nancies more often received > 10 platelet transfusions
(hematologic malignancies: 39.9%; solid tumors: 9.4%;
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Fig. 1 Forest plots summarizing the results of the multivariate analysis for all patients. Shown are the adjusted hazard ratios for overall survival
and 95% confidence intervals. (Abbreviations: mCCl modified Charlson Comorbidity Index (CCl) (excluded age and cancer diagnosis); GVHD Graft
versus host disease; HSCT hematopoietic stem cell transplantation; RESP Score Respiratory ECMO Survival Prediction Score; CPR Cardiopulmonary

HR lower ClI upper Cl p
1.0001 0.9885 1.0118 0.9908
1.3094 0.8741 1.9614 0.1911
1.5706 1.0436 2.3637 0.0304
0.9633 0.6578 1.4108 0.8479
1.8706 1.0806 3.2381 0.0253
1.0022 0.5446 1.8442 0.9944
1.3042 0.9299 1.8292 0.1238
1.3327 0.652 2.7243 0.431
1.2889 0.7391 2.2477 0.3711
1.0764 0.5444 2.1281 0.8324
1.3405 0.8862 2.0276 0.1652
1.0464 0.9236 1.1856 0.476
1.1292 0.7201 1.7707 0.5966
0.9974 0.9961 0.9987 0.0001
1.0476 1.0123 1.084 0.0077

1.138 0.9655 1.3414 0.1232
1.0015 0.9493 1.0566 0.9556
1.0392 0.87 1.2412 0.6715
0.9989 0.9787 1.0195 0.9154
0.9994 0.9966 1.0022 0.689
1.2541 0.816 1.9274 0.3017

p<0.001). ECMO-related severe bleeding occurred
in 38% of patients (hematologic malignancies: 44.2%;
solid tumors: 32.7%; p=0.055). Severe bleeding was
the only ECMO-related complication associated with
a decreased ECMO survival (OR 0.48; 0.27-0.83 95%
CI) (Supplementary Information Fig. 5). Platelet count
(OR 0.99; 0.995-0.999 95% CI) and recent cancer
therapy (OR 2.08; 1.1-3.92 95% CI) were identified as
independent risk factors for severe bleeding (Supple-
mentary Information Fig. 6).

To assess whether the use of vv-ECMO in cancer
patients with respiratory failure leads to outcomes that
are superior to invasive mechanical ventilation alone,
we compared the survival of patients from our cohort
with propensity score-matched mechanically ventilated
patients enrolled in the EFRAIM study [24]. 79 patients
could be successfully matched to patients from the
EFRAIM study. Results of propensity score-matching

quality are shown in Supplementary Information Table 1.
The standardized mean differences for each variable were
substantially reduced after matching. After propensity
score matching, there was no significant difference in
the survival of patients receiving ECMO and those man-
aged with mechanical ventilation only (p =0.089) (Fig. 2).
However, in patients with platelets above 250,000/ul, the
survival of patients receiving vv-ECMO was significantly
higher than in patients receiving mechanical ventilation
only (p=0.023) (Supplementary Information Fig. 7).

To derive distinct patient subgroups with different
trajectories within our study population, we performed
LCA, a statistical method to uncover hidden subgroups
in data. LCA can be used to classify patients into mutu-
ally exclusive and exhaustive subgroups of individuals,
so called latent classes, based on their pattern of a set of
categorical characteristics. The variables used for LCA
were cancer type, age, P/F ratio, platelets, remission
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status, cancer therapy in the previous 30 days, and
duration of mechanical ventilation prior to vv-ECMO
initiation. A 2-class LCA model best described the
overall patient cohort (Fig. 3a). The two classes were
practically identical to the subgroups of patients with
hematologic malignancies and solid tumors, confirm-
ing the clinical significance of differentiating these
patient populations. Moreover, there was a statisti-
cally significant difference in survival between these
two groups (Fig. 3d, Class 1 vs. Class 1 p=0.0002). We,
therefore, performed LCA separately in patients with
hematologic malignancies and solid tumors (Fig. 3b,
c). In both groups, a 3-class model provided the best
fit to the data. The three classes divided patients with
hematologic malignancies and solid tumors into similar
clinical subgroups. Class 1 consisted predominantly of
older patients in partial remission who recently received
tumor therapy but were not severely thrombocytopenic.
The patients in class 2 were mostly younger and had all
recently received tumor-directed therapy. As would be
expected for younger patients treated with more aggres-
sive regimens this patient population was characterized
by moderate to severe thrombocytopenia. Class 3 rep-
resented a group of predominantly older patients who
were either newly diagnosed with cancer or were in
complete remission and therefore mostly not receiving
any form of cancer therapy. Accordingly, these patients
had no to mild thrombocytopenia. Importantly, the
younger thrombocytopenic patients with hematologic

malignancies undergoing active cancer therapy with
severe thrombocytopenia, i.e., class 2, had a worse sur-
vival than the patients in the other subgroups (Fig. 3e,
Class 2 vs. Class 1 p=0.02, Class 2 vs. Class 3 p=0.02).
None of the patients with solid tumors belonging to
class 2 survived for more than 2 months after initiation
of vw-ECMO (Fig. 3f, Class 2 versus Class 1 p=0.16,
Class 2 vs. Class 3 p=0.06). However, the survival dif-
ference between class 1 and the other classes was not
statistically significant.

Discussion

The main findings of our analysis show that disease sta-
tus, low platelet count and high lactate levels indicate a
poor prognosis. The outcome of cancer patients receiv-
ing ECMO was not superior to propensity score-matched
patients treated only with conventional mechanical
ventilation.

Vv-ECMO represents a rescue intervention for patients
with severe ARDS [25]. However, substantial uncertainty
remains about the benefit of vv-ECMO for specific sub-
groups of patients [26, 27]. In particular, the role of vv-
ECMO in cancer patients is a matter of debate. Only
few studies have reported on outcomes of vv-ECMO in
patients with malignant diseases [19, 28—-34].

To our knowledge, the study presented here is the larg-
est study in this patient population conducted to date.
The only other larger study on this topic reported the out-
come of 203 immunocompromised patients with severe

Strata + MV ECMO
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5 ECMO- ‘
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Fig. 2 Propensity score-matching patients receiving ECMO and those managed with mechanical ventilation (MV) only of the EFRAIM study [24]
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ARDS on vv-ECMO including 101 patients with cancer
[19]. The study by Schmidt et al. investigated immuno-
suppressed patients, including patients with hematologic
malignancies (n=62), solid tumors (n=39), solid-organ
transplantation (n=27), AIDS (n=19), and long-term
use of corticosteroids/immunosuppressants (n=>56).
Overall, the outcome of cancer patients receiving vv-
ECMO as a rescue treatment for respiratory failure was
rather poor. The overall survival of cancer patients in this
study was comparable to our study (6-month overall sur-
vival of 30% vs. a 60-day overall survival of 26.8% in our
study). Although the overall survival of cancer patients in
our study was worse compared to patients without can-
cer, a significant minority of patients achieved long-term
survival after vv-ECMO. Most deaths occurred in the
first month after ECMO initiation. After around 60 days,
the Kaplan—Meier overall survival curve reached a stable
plateau (Supplementary information Fig. 1 and Fig. 2).
The prognosis of patients with cancer on vv-ECMO
should, therefore, not generally be regarded as futile.
However, the high short-term mortality in our study indi-
cates the need for better prognostic tools.

Even though the results are difficult to compare directly
since Schmidt et al. only report the results for the over-
all population of immunosuppressed patients, there are
important commonalities but also differences between
the two studies. Identical to our study, platelet count
was associated with overall survival in the study popula-
tion of immunocompromised patients. Platelet count is a
complex variable associated with and influenced by many
clinical conditions. Potential causes for a low platelet
count include myelosuppressive chemotherapy, bleeding,
severe infection or sepsis, and severity of illness in many
non-malignant medical conditions. Thus, in patients with
cancer, platelet count can be regarded as an indicator of
the general severity of illness and a risk factor for bleed-
ing-related morbidity and mortality. Interestingly, LCA
revealed that the severely thrombocytopenic patients
were mostly younger cancer patients undergoing anti-
cancer therapy. Unfortunately, even though such patients
are usually aggressively treated with curative intent they
seem to have a high vv-ECMO-associated mortality risk.

In addition, in the study by Schmidt et al. longer-term
immunosuppression (>30d), baseline PaCO2, and driv-
ing pressure were shown to negatively affect outcome. In
contrast, in our study, the group of patients with newly
diagnosed cancer, i.e., cancer patients who are immu-
nocompromised for only a short time, had a worse
prognosis.

Treatment with vv-ECMO is associated with several
serious and potentially life-threatening complications.
The most frequent adverse events are bleeding, mechani-
cal problems with the ECMO circuit, and device-related
infections. Less common, but also severe complications
include cerebrovascular events, cardiac arrhythmias, and
cardiac arrest. The complication rates observed in the
present analysis differ substantially from those reported
in non-cancer patients (Table 2 and Supplementary
Information Fig. 5) [16, 26]. We observed a high rate of
severe bleeding episodes (38%). Severe hemorrhage dur-
ing ECMO was associated with increased ECMO-related
mortality (Supplementary Information Fig. 5). Clinical
factors that were correlated with an increased risk of
bleeding were thrombocytopenia and recent chemother-
apy (Supplementary Information Fig. 6). Thus, part of the
negative prognostic impact of thrombocytopenia could
be explained by higher risk of bleeding-related mortality
during vv-ECMO, especially in combination with chem-
otherapy-induced vascular damage and disruption of the
integrity of the skin and mucous barriers.

The provocative finding that the outcome of cancer
patients receiving ECMO was not superior to propensity
score-matched patients treated only with conventional
mechanical ventilation, suggests that we currently have
insufficient knowledge to appropriately select patients
who would benefit from provision of vv-ECMO support.
To improve the outcome of cancer patients with acute
respiratory failure, it will be crucial to better understand
which clinical characteristics are important for patient
selection and how these factors affect the outcome of
vv-ECMO. In this study, the presence of thrombocyto-
penia was consistently associated with worse outcome
and should be accounted for in the decision to offer vv-
ECMO support. Since increased bleeding-related com-
plications seem to be an important contributing factor

(See figure on next page.)

Fig. 3 Latent class analysis and corresponding Kaplan-Meier curves for survival probability for all patients (a, d), patients with hematologic malig-
nancies. (b, @), and patients with solid tumors (c, f). The overall patient cohort is best described by a 2-class model, which divides the cohort into
patients with hematologic malignancies and solid tumors (d, Class 1 vs. Class 1 p=0.0002) Patients with hematologic malignancies (b) are divided
into three analogous classes. Class 1: patients who are more likely to be older and in partial remission with only mild thrombocytopenia. Class 2:
younger patients undergoing cancer therapy with moderate to severe thrombocytopenia. Class 3: predominantly elderly patients who currently
do not undergo cancer treatment because they are newly diagnosed or in complete remission and have no to mild thrombocytopenia. Class 2 had
a worse survival than the patients in the other subgroups (i.e,, Class 2 vs. Class 1 p=0.02, Class 2 vs. Class 3 p=10.02). All patients with solid tumors
belonging to class 2 died within one month after initiation of vwv-ECMO (c). (Abbreviations: complete remission (CR); partial remission (PR); progres-
sive disease (PD)). Related gradiations have been color-coded in the categories




339

a
g
8
N 2
Q
0
13
k]
o
£
c
k]
T
S
Q
o
[
H
13
»
S;
e
. |
0 I -
Q
3
0
£
o
c
£ $
o L2
2
2 - —
°
a ————
o
]
- g
& © el &
o « v &
& ] < &
8 &
&
Qe;
C
s
i
13
Q
73
[}
K4
o
c o
£ %
S »
£
o
o
o
4
a
g
8
®
Cancer type Age groups P/F ratio Platelets
. hematologic 18-49 severe . <20

B soic [ so-50

>0

Fig. 3 (See legend on previous page.)

. moderate
1 mig

[ 20-100
| B

W Class1 ma Class2

1.00
2
= 0759 §a
o 'y
s a
-
[ [
6.0.50 ¥
3 Y
2 * i
E Ll B R TR T QN —_—
5025
(7]
0.00
0 1 2 3 4 5 6
Months
Number at risk
Class 14110 27 16 14 9 9 8
Class 24 187 85 50 39 32 28 26
T H T T T T
Months
e
wis Class1 Wl Class2 i Class 3
1.00
n
= 0.75q1
o .
8 .
[ 1
§.050{ 1
- 2
[
; LA
5025 ' -
(7] T N = mimim -
- mmomom oy
O'OC() 1 2 3 4 5 6
Months
Number at risk
Class 14 26 " 5 4 3 3 3
Class 24 62 13 8 7 5 5 5
Class 34 50 17 10 8 6 6 5
T H 4 T T T
Months
™ Class1 wk Class2 mm Class 3
1.00
2
=075
o
]
8
§.0.50
2
2
5025
(7]
]
1
0'000 1 2 3 4 5 6
Months
Number at risk
Class 14 90 44 26 20 15 12 1"
Class24 5 0 0 0 0 ) o
Class 34 64 27 17 14 12 1" 10
1 2 3 4 5 6
Months
Remission status Cancer Tx Mechanical ventilation
CR No <48 hours
. Newly diagnosed . Yes . 48 hours-7 days
. PR . >7 days
M
. unknown




340

for poor outcome in thrombocytopenic patients, further
improvements in coagulation and bleeding management
are needed and should lead to higher rates of treatment
success with vv-ECMO in cancer patients.

Furthermore, this study demonstrates that a relevant
number of patients (8%) received vv-ECMO despite pro-
gression of their malignant disease at the time of ECMO
initiation. The decision to initiate vv-ECMO in this set-
ting is intriguing given that tumor progression is gener-
ally associated with a poor prognosis [36—38]. This study
confirms that progressive disease indicates a very poor
prognosis (Fig. 1). Only 3/22 (13%) patients with progres-
sive disease survived. Patients with progressive disease,
therefore, should not be offered vv-ECMO.

The present study has several limitations. Due to the
retrospective study design, selection bias and residual
confounding cannot be excluded. We included a wide
variety of variables to adjust for differences in patient
characteristics, but further variance remains which we
were not able to account for. The hospitals included in
the study were not a random sample of all hospitals per-
forming ECMO in cancer patients. The majority were
large tertiary care hospitals with experience in vv-ECMO
as well as in providing care to critically ill patients with

cancer and other complex conditions such as severe res-
piratory failure. In addition, the collected data span over
a period of 10 years. Over the last decade, the manage-
ment of patients with ARDS, including those undergo-
ing vv-ECMO has improved considerably. Concurrently,
there have been advances in the treatment of cancer
during the study period. We therefore cannot exclude
time-dependent effects that may have influenced our
analysis. However, a comparison between the time peri-
ods 2009-2013 and 2014-2019 showed no major dif-
ferences (Supplementary information Table 3). In the
matched-pair analysis of patients treated with ECMO or
mechanical ventilation only, we tried to match patients
for relevant clinical characteristics. Nonetheless, despite
propensity score matching, there may be additional unac-
counted confounders that could affect the results of our
analysis. The results of the LCA should be interpreted
with caution due to the limited sample size, particularly
for the subpopulations of hematologic malignancies and
solid tumor.

Conclusion
The overall survival of cancer patients who require
vv-ECMO is poor. This study shows that the value of

Table 2 Major vv-ECMO-related complications or complications during vv-ECMO

Overall
No. of patients (%) 297
Packed red blood cells units (%)

0 6(54)

1-5 69 (23.2)

5-10 6(189)

>10 156 (52.5)
Platelet units (%)

0 110 (37)

1-5 81(27.3)

5-10 37 (12.5)

>10 69 (23.2)
Severe bleeding (%) 113 (38)
Ischemic stroke (%) 11(3.7)
w-ECMO system changed (%) 46 (15.5)
Number of vw-ECMO system changes (%)

0 251 (84.5)

1 33(11.1)

2 11 (3.7)

3 1(0.3)

5 1(0.3)
Accidental decannulation (%) 0
Cardiac arrest during vv-ECMO (%) 30(10.1)
Ventilator associated pneumothorax (%) 33(11.1)

Hematologic malignan- Solid tumors p-value

cies

138 (46.4) 159 (53.5) <0.001
0.974

8(5.8) 8(5)

31(225) 38(23.9)

27 (19.6) 29(18.2)

72(52.2) 84 (52.8)
<0.001

28(20.3) 82(51.6)

40 (29) 41(25.8)

16 (11.6) 21(13.2)

54 (39.1) 15(9.4)

61 (44.2) 52(32.7) 0.055

429 7(44) 0.707

15 (10.9) 31(19.5) 0.059
0.109

123 (89.1) 128 (80.5)

9(6.5) 24(15.1)

5(3.6) 6(3.8)

1(0.7) 0(0)

0(0) 1(0.6)

0(0) 0(0) NA

18 (13) 12 (7.5) 0.169

13(94) 20(12.6) 0497
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vv-ECMO in cancer patients with respiratory failure is
still unclear and further research is needed. Given the
uncertainty regarding the value of vv-ECMO in this
patient population the indication for vv-ECMO should
be made by a multidisciplinary team including both
intensivists and hemato-oncologists taking into account
both the prognosis of the acute condition leading to ICU
admission and the underlying malignancy. In this study,
we identified disease status, low platelet count and high
lactate levels as indicators of poor prognosis that should
be accounted for in the decision to provide vv-ECMO.
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