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Abstract

Background The number of malignancy patients with respiratory failure is rising in pediatric intensive care units
(PICU). Our study aims to compare the clinical characteristics and prognostic risk factors of acute respiratory distress
syndrome (ARDS) with or without malignancies.

Methods This retrospective study reviewed medical records of 188 ARDS patients admitted to the PICU between
January 2018 and December 2022, including 60 with malignancies and 128 without. Clinical data were collected
within 48 h post-ARDS diagnosis. Multivariate logistic regression analysis and receiver operating characteristic curve (ROC)
analysis were used to investigate the risk factors for PICU mortality in the malignancy and non-malignancy groups.

Results Compared with pediatric patients without malignancy, the ARDS patients with malignancy presented higher
mortality (55.0% vs. 31.3%, P=0.002), a higher incidence of community-acquired fungal infection (36.1% vs. 6.3%,
P<0.001) and multidrug resistance (MDR) bacteria (65.4% vs. 30.5%, P=0.003). There were substantial differences in
levels of lactate [1.5 (0.8-3.7) vs. 1.0 (0.7-2.0) mmol/L, P=0.008], C-reactive protein (CRP) [150.0 (83.0-168.0) vs. 31.0
(10.0-108.0) mg/L, P=0.02], procalcitonin (PCT) [10.4 (2.0-27.5) vs. 1.2 (0.3-6.2) mg/L, P<0.001], counts of platelet [17.0
(8.0-73.0) vs. 232.0 (152.0-330.0) x 10°/uL, P<0.001], the distribution of CD8+T [36.9 (26.0-53.6) vs. 21.9 (17.3-29.1) %,
P<0.001],CD19+T cells [9.9 (0.9-30.2) vs. 33.6 (22-46.6) %, P<0.001], and higher peak vasoactive-inotropic score (VIS)
in ARDS with malignancy [73.0 (20-208) vs. 15.0 (5.0-82.0), P<0.01]. In multivariable analysis, only VIS independently
predicted mortality in ARDS patients with malignancy (OR, 1.011; 95% confidence interval [Cl]: 1.003-1.018; P=0.005).
Neither pSOFA scores (OR, 1.249, 95% CI: 0.958-1.628, P=0.101) nor lactate levels (OR, 1.192, 95% CI. 0.928-1.531,
P=0.170) showed significant associations.

Conclusion ARDS patients with malignancies exhibited poorer outcomes. VIS is only an independent predictor of
mortality in pediatric ARDS patients with malignancies.
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Background

ARDS significantly complicates the clinical manage-
ment of patients with malignancies. Individuals with
malignancy are 1.57-fold more likely to develop ARDS
than those without malignancies [1]. Studies have dem-
onstrated that the etiology of ARDS in this population
is predominantly linked to infections, with pneumonia
being the most common precipitating factor [2]. Approx-
imately 50% of patients with hematological and solid
tumors require ICU admission due to acute respiratory
failure [3]. In pediatric cases, the severity and outcome
of ARDS are significantly impacted by underlying malig-
nancy, patients with leukemia/lymphoma undergoing
induction chemotherapy have been shown to develop
severe ARDS, with a mortality rate that remains con-
cerning despite advancements in the use of extracorpo-
real membrane oxygenation (ECMO) [4]. It reported
that hospital mortality rate excess 50% in children with
hematological malignancies [5], emphasizing the urgent
need to investigate the risk factors for the development
of ARDS and improve prognosis for this unique group of
patients.

Therapeutic interventions for malignancy, including
chemotherapy, radiation, and bone marrow transplan-
tation, can render pediatric patients immunocompro-
mised, increasing their susceptibility to infections and
ARDS [6]. Furthermore, the malignancies and treatment-
related complications can exacerbate lung damage and
affect the outcomes of ARDS [7]. While research has
delved into the epidemiology, pathophysiology, and ther-
apeutic strategies for ARDS, few studies have compared
the differences between ARDS with and without malig-
nancy, particularly regarding malignancy type, treatment
strategy, and immune status. It’s urgent for research to
elucidate these differences and to develop targeted man-
agement strategies for high-risk patients.

We conducted a retrospective study in pediatric ARDS
patients requiring invasive mechanical ventilation (MV)
with and without malignancy, compared their clinical
characteristics differences, and explored the risk factors
for mortality.

Methods

Study design

This is a retrospective study that included patients diag-
nosed with ARDS who were admitted to the PICU under
the supervision of Shanghai Children’s Hospital from
January 2018 to December 2022 according to the medi-
cal records. This study was approved by the Ethics Com-
mittee of Shanghai Children’s Hospital (2024R149-E01).
Informed consent was waived owing to the retrospective
nature of this study.
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Patients

The following were the inclusion criteria: (1) patients
aged 1 month to 18 years; (2) those who met the diag-
nostic criteria for ARDS according to the Berlin defini-
tion [8]; and (3) those who received MV. The following
were the exclusion criteria: (1) patients with cardiogenic
pulmonary edema; (2) patients with lung lesions due to
the infiltration of malignancy; and (3) patients hospital-
ized in PICU for less than 24 h. The patients were divided
into two groups based on their underlying conditions: the
malignancy and non-malignancy groups.

Outcomes

The primary outcome was PICU mortality. The second
outcome was to investigate the risk factors associated
with survival status including VIS, laboratory indicators
and related parameters monitored during MV including
positive end-expiratory pressure (PEEP), peak inspiratory
pressure (PIP), dynamic lung compliance (Cdyn).

Data collection

Data were extracted from the electronic medical record
system for each patient. We collected data, including
age, sex, body mass index, source of admission, causes
of ARDS, primary existing malignancy, blood transfu-
sion, status of bone marrow transplant/hematopoietic
stem cell transplantation, identified pathogens, PaO,/
FiO, levels, duration of MV, PEEP, PIP, Cdyn, length of
PICU stay, length of hospital stay, PICU survival status,
comorbidity of patients, continuous renal replacement
therapy (CRRT) and ECMO support, and VIS. Disease
severity was assessed using pSOFA. Laboratory indica-
tors included CRP, PCT, indicators of inflammatory fac-
tors and cellular immunity. Clinical data (except length
of PICU stay, length of hospital stay, intubation on the
first day of entering PICU, MV days and PICU survival
status) and VIS were measured within 48 h following
ARDS diagnosis, and the worst values were selected. We
defined agranulocytosis as granulocyte counts less than
500/pL [9]. The maximum value was selected for the
VIS and calculated according to the following method:
VIS=1 x dobutamine (pg/kg/min)+1 x dopamine (ug/
kg/min)+100 x norepinephrine (pg/kg/min)+100
x epinephrine (pg/kg/min)+10 x milrinone (ug/kg/
min) +10,000 x vasopressin [10]. Community-acquired
infection was defined as a pathogen that led to ARDS
acquired out of a hospital or within 48 h of hospitalisa-
tion [11]. Hospital-acquired infection was defined as an
infection acquired following 48 h of hospitalisation [12].

Statistical analyses

To express nonnormally distributed descriptive statis-
tics data, the interquartile range (/QR) was employed;
For cases where data were missing, we used the median
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value of all available data points for each variable to fill
in the gaps. To compare continuous variables, Mann—
Whitney U tests were performed. To evaluate categorical
variables, Fisher’s exact or chi-square test was used. Mul-
tivariate logistic regression analysis was used to evaluate
the risk factors for PICU mortality in the malignancy and
non-malignancy groups. Variables that demonstrated
statistically significant differences between survivors
and non-survivors in univariate analyses were entered
into further multivariate logistic regression analysis, con-
ducted separately for malignancy and non-malignancy
patients. To appreciate the accuracy of independent pre-
dictors of PICU mortality, the ROC curve and Youden
index were generated. Statistical analyses were per-
formed using SPSS 26.0. Pvalues<0.05 were considered
statistically significant.
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Results

Characteristics of ARDS patients with and without
malignancies

A total of 188 children with moderate-to-severe ARDS
were included in this study, of whom 60 had malignan-
cies (Table 1). ARDS patients with malignancy were
more likely to be older (median: 79.0 vs. 34.0 months)
and have higher pSOFA scores (14.0 vs. 9.0 points) than
those without malignancy (all Pvalues<0.05). Addition-
ally, children with malignancy had a higher PICU mortal-
ity rate (55.0% vs. 31.3%, P=0.002) and shorter length of
PICU stay (10.0 vs. 13.0 days, P=0.019) than those with-
out malignancy.

In this study, 166 (88.3%) of the 188 patients with
ARDS were culture-positive for one or more pathogen
infections in sputum or bronchoalveolar lavage fluid
(Table 1). The pathogen spectrum between patients with
and without malignancies was different. For patients with
community-acquired pneumonia, bacteria were the most

Table 1 Characteristics of moderate-to-severe ARDS patients grouping based on whether suffering malignancy

Characteristic Total (n=188) Malignancy (n=60) Non-malignancy (n=128) P
Age (month) 42.0 (20.0-99.0) 79.0 (36.0-131.5) 34.0(13.3-72.0) <0.001
<1yrs 33.0(17.6) 20(33) 31.0(24.2) <0.001
1-3yrs 49,0 (26.0) 14.0 (23.3) 35.0(27.3) 0.559
3-6yrs 45.0 (24.0) 13.0(21.7) 32.0(25) 0618
6-18 yrs 61.0(324) 31.0(51.7) 30.0(23.5) <0.001
Male, n (%) 102.0 (54.3) 31.0(51.7) 71.0(55.5) 0.626
BMI 16.1 (144-18.2) 16.2 (144-184) 1(14.3-18.2) 0.627
pSOFA 11.0(8.0-14.0) 14.0 (12.0-15.0) 9.0 (8‘0—1 1.0) <0.001
Patients source, n (%)
Emergency department 87.0 (46.3) 22.0(36.7) 65.0 (50.8) 0.070
Transferred 101.0 (53.7) 38.0 (63.3) 63.0 (49.2)
Cause of ARDS, n (%)
Origin of pulmonary 152.0 (80.9) 440 (73.3) 108.0 (84.4) 0.073
Exogenous pulmonary 36.0(19.1) 16.0 (26.7) 200 (15.6)
Severe of ARDS, n (%)
Moderate 87.0 (46.3) 27.0 (45.0) 60.0 (46.9) 0.810
Severe 101.0 (53.7) 33.0(55.0) 68.0 (53.1)
PaO,/FiO,, mmHg 89.0(57.0-133.0) 90.0 (60.0-139.0) 86.0 (57.0-130.0) 0314
PICU mortality, n (%) 73.0 (38.8) 33.0(55.0) 40 (BW 3) 0.002
Length of PICU stay (d) 12.0 (7.0-19.0) 10.0 (6.0-17.0) 0(8.0-20.0) 0.019
Length of hospital stay (d) 23.0(14.0-31.0) 22.0(13.0-34.0) 23.0(15.0-30.0) 0.647
Community-acquired infections, n (%) 131.0 (69.7) 36.0 (60.0) 95.0 (74.2)
Bacteria 59.0 (45.0) 15.0 (41.7) 44.0 (46.3) 0.633
MDR 19.0(32.2) 8.0 (53.3) 0(25.0) 0.088
Virus 34.0 (26.0) 5.0(13.9) 29.0(30.5) 0.052
Fungal 19.0 (14.5) 13.0(36.1) 6.0 (6.3) <0.001
Multi-infection 19.0 (14.5) 30(83) 16.0 (16.9) 0217
Hospital-acquired infections, n (%) 35.0(18.6) 17.0(28.3) 18.0 (14.0)
Bacteria 26.0 (74.3) 11.0 (64.7) 15.0 (83.3) 0383
MDR 16.0 (61.5) 9.0(81.8) 7.0 (46.7) 0.158
Fungal 5.0(143) 4.0(23.5) 1.0(56) 0.300
Multi-infection 40(114) 2.0(11.8) 20(11.1) 1.000

Median (interquartile range) listed for continuous variables, n (%) for categorical variables
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common pathogens overall. However, in patients with
malignancies, the second most common pathogens were
fungi (36.1%), with Pneumocystis jirovecii and Asper-
gillus being frequently detected in sputum or alveolar
lavage fluid. In contrast, children without malignancies
showed viruses as the second most common pathogens
(30.5%), with adenoviruses, respiratory syncytial virus,
and influenza virus being predominant. In hospital-
acquired infections, a shift in pathogen distribution was
observed. Gram-negative bacteria, including Acineto-
bacter baumannii (A. baumannii), Pseudomonas aerugi-
nosa (P. aeruginosa), and Klebsiella pneumoniae, were the
most prevalent pathogens in hospital-acquired pneumo-
nia among malignancy patients, with MDR observed in
81.8% of cases (9/11 patients with bacterial infections).
Conversely, among patients without malignancies, 13
out of 15 patients were infected with gram-negative bac-
teria, with a notable prevalence of A. baumannii and P,
aeruginosa. This group exhibited a high mortality rate,
with 8 of the 9 infected patients (88.9%) succumbing
to their infections. Furthermore, when comparing the
overall infection rates between hospital-acquired and
community-acquired bacterial infections, patients with
malignancies had a significantly higher rate of MDR bac-
teria. Specifically, 65.4% (17/26) of ARDS patients with
malignancies were infected with MDR bacteria, com-
pared to 30.5% (18/59) in patients without malignancies
(P=0.003).

Thirty-two (53.3%) patients were diagnosed with agran-
ulocytosis within the first week of PICU stay. Accord-
ing to the different types of malignancy, 47 patients had
hematological malignancies, including 25, 16, and 6
patients with acute lymphoblastic leukemia (ALL), acute
myeloid leukemia (AML), and non-Hodgkin’s lymphoma,
respectively. 13.3% of total patients with malignancy
experienced recurrence (the patients relapsed before
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their admission to the PICU) and 18.2% of those with
recurrence were dead (Supplemental Fig. 1).

Use of life-supporting interventions in patients with and
without malignancies

Patients with ARDS and malignancy had a higher utili-
zation rate of CRRT and a shorter duration of MV times
than those without (P<0.05). Survivors in the malig-
nancy group were linked to lower CRRT use and longer
MYV durations than those in non-survivors, though not
significantly. Survivors without malignancy also showed
a non-significant trend towards CRRT use and MV dura-
tions. Ventilation parameters were noted between survi-
vors and non-survivors in either group (Table 2).

Characteristic of non-pulmonary organ dysfunction in
ARDS patients with and without malignancies

By comparing with ARDS patients with or without
malignancies, we observed that although pSOFA scores
in the nervous and cardiovascular systems did not dif-
fer significantly, they did differ in other non-pulmonary
organs. Additionally, we noted that the peak VIS values
were elevated in malignant patients as compared to non-
malignancy counterparts. Furthermore, pronounced
differences were identified between the two groups
regarding rate of transfusion of red blood and platelet,
levels of haematoglobin, absolute neutrophil count, abso-
lute Platelet counts, lactate, CRP, PCT, as well as the dis-
tribution of CD8* and CD19" cells.

In patients with malignancy, survivors had lower VIS,
pSOFA scores and Lactate levels than non-survivors (all
P<0.05). In patients without malignancy, survivors had
lower pSOFA scores, serum CRP, Lactate, and IL-6 levels
than non-survivors (all P<0.05) (Table 3).

Table 2 The comparison of clinical treatments between malignancy and non-malignancy patients

Characteristic Malignancy (n=60) Non-malignancy (n=128) P
Total Survivors Non-survi- Total Survivors Non-survi- P
(n=27) vors (n=33) (n=88) vors (n=40)
Extracorporeal life support, n (%)
CRRT 36.0 (60.0) 13.0 (48.0) 23.0(70.0) 0.09 48.0 (38.0) 29.0(33.0) 19.0 (48.0) 0.115 0.027
ECMO 5.0(8.0) 20(7.0) 3.0(9.0) 26.0 (20.0) 19.0 (22.0) 7.0(18.0) 0.594 0.296
Mechanical ventilation
Intubation on the first day 32.0 (53.0) 17.0 (63.0) 15.0 (46.0) 0176 1040(810)  71.0(81.0) 33.0(83.0) 0807  0.117
of entering PICU, n (%)
PEEP, cmH,O 11.0(9.0-15.0) 10.0(8.0-14.0) 120 0.409 11.0(7.0-16.0) 100 (6.0-16.0) 12.0(9.0-16.0) 0.254 0.743
(10.0-15.0)
PIP, cmH,0 280 25.0 29.0 0.119 28.0 280 30.0 0.09 0.936
(24.0-31.0) (22.0-30.0) (26.0-32.0) (24.0-31.0) (23.0-30.0) (25.0-33.0)
Cdyn, ml/ cmH,0/kg 0.5 (0.4-0.6) 0.5 (0.5-0.6) 0.5 (0.3-0.6) 0.464 0.5 (0.3-0.5) 0.5 (0.4-0.5) 0.5(0.2-0.6) 0.808 0421
MV days (d) 50(3.0-100) 7.0(40-140) 50(20-90) 0071 8.0(40-13.0) 80(50-120) 10.0(2.0-24.0) 0.465 0.007

Abbreviations: VIS, the score of vasoactive drugs; CRRT, continuous renal replacement therapy; ECMO, extracorporeal membrane oxygenation; PEEP, positive end-
expiratory pressure; PIP, peak inspiratory pressure; MV, mechanical ventilation. Cdyn, dynamic compliance
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Table 3 Characteristics of non-pulmonary organ dysfunction in ARDS patients with or without malignancy
Characteristic Malignancy (n=60) Non-malignancy (n=128) P
Total Survivors Non-survivors P Total Survivors Non-survivors P
(n=27) (n=33) (n=88) (n=40)
Total pSOFA score  14.0 (12.0-15.0) 12.0(10.0-14.0) 15.0(14.0-16.0) <001 9.0(8.0-11.0) 8.0(7.0-10.0) 11.0(9.0-13.0) <0.01 <0.01
Nervous system
pSOFA score>0  50.0 (83.0) 22.0(81.0) 28.0(85.0) 0.728 115.0(90.0) 77.0 (88.0) 38.0(95.0) 0.193 0.204
Cardio Vascular system
pSOFA score>0  57.0(95.0) 24.0 (89.0) 33.0(100.0) 0.085 117.0(91.0) 79.0 (90.0) 38.0(95.0) 0.524 0.564
VIS at peak 73.0 (20-208) 35.0 (10.0-80.0) 180.0 <0.01 15.0(5.0-82.0) 10.0(5.0-39.0) 79.0 <0.01 <0.01
(45.0-338.0) (10.0-195.0)
Renal
pSOFA score>0  22.0(37.0) 7.0 (26.0) 15.0 (76.0) 0.118 28.0(22.0) 16.0 (18.0) 12.0 (30.0) 0.134 0.032
Hematologic
pSOFA score>0  54.0 (90.0) 23.0(85.0) 31.0 (94.0) 0489 30.0(23.0) 17.0(19.3) 13.0(32.5) 0.103 <0.001
Absolute neu- 037(0.04-1.18) 037(0.04-1.7) 03(0.04-093) 0618 534(2.85-92) 4.57(2.73-8.22) 7.12 0.068 <0.001
trophil count (x (3.25-11.00)
10%/ul)
Haematoglobin 70.0 (55.0-82.0) 69.0(58.0-87.0) 70.0(55.0-80.0) 0.414 90.0 920 84.0 (62.0-98.0) 0.057 0.001
(76.0-106.0) (78.0-108.0)
Transfusion of 52.0(87.0) 22.0(81.0) 30.0 (91.0) 0448 62.0 (48.0) 39.0 (44.0) 23.0(58.0) 0.167 0.028
Red Blood
Absolute Platelet  17.0(80-73.0)  21.0 16.0(8.0-43.0) 0252 2320 246.0 206.0 0.057 0.001
counts (x 10%/uL) (10.0-110.0) (152.0-330.0) (167.0-335.0) (103.0-309.0)
Transfusion of 440 (73.0) 17.0 (63.0) 27.0(82.0) 0.100 180 (14.0) 10.0(11.0) 8.0(20.0) 0.193 <0.001
Platelet
Liver
pSOFA score>0  37.0 (62.0) 16.0 (59.0) 21.0 (64.0) 0.729 24.0(19.0) 14.0 (16.0) 10.0 (25.0) 0.222 <0.001
Lactate 1.5(0.8-3.7) 1.2(0.7-2.0) 2.7 (1.1-6.3) 0.006  1.0(0.7-2.0) 0.9 (0.7-1.6) 1.6 (0.7-2.9) 0.02 0.008
Infection
CRP 150.0 1130 160.0 0.096 31.0 22.5(9.3-98.8) 84.0 0.02 <0.001
(83.0-168.0) (78.0-160.0) (100.0-170.0) (10.0-108.0) (10.0-170.0)
PCT 104 (2.0-27.5) 35(2.1-158) 166(4-327) 0193 12(03-62) 09(03-5.1) 28(04-11.5) 0052 <0.001
Cytokines
IFN-y 26.9(9.1-146.0) 175(7.3-1829) 27.1(8.0-1153) 0927 11.9(4.9-55) 11.8 (4.6-41.3) 26.5(52-62.3) 0364 0.198
IL-6 206.3 2104 202.1 0371 996 96.2 1094 (63-704.5) 0.032 0.205
(21.6-1257.8) (17.5-598.1) (44.4-7421.5) (33.7-266.9) (28.5-203.8)
IL.-8 3258 84.7 (6.7-507.2)  540.1 0.181 43.0(18-103.8) 36.9(19.0-96.0) 505 0.889 0.082
(9.0-1119.0) (11.4-4449.5) (16.1-159.4)
TNF-a 4.0 (2.0-10.0) 33(24-10.2) 3.8(1.9-9.5) 0935 36(4-82) 3.9(24-8.0) 33(24-11) 0.654 0.926
Cellular immunity
CD4+T 269(185-37.2) 259(19.2-379) 279(164-379) 0935 266(20.0-352) 25.1(17.2-27.8) 30.3(21.6-39.5) 0.141 0870
CD8+T 36.9 (26.0-53.6) 41.6(329-654) 359(219-413) 0.113 219(17.3-29.1) 214(172-278) 263(169-343) 0202 <0.001
CD19+T 9.9(0.9-30.2) 6.1(06-203) 18(34-35.2) 0.173 33.6(22-46.6)  346(253-47.1) 274(139-41.1) 0055 <0.001
NK 4.0(2.0-10.0) 3.7(15-10.3) 4.9(1.8-9.9) 0.705 5.6(2.7-9.0) 56(32-9.1) 50(1.7-9.3) 0210 0.210

Abbreviations: CRP, C-reactive protein (mg/L); PCT, procalcitonin (mg/L); Lactate, Lactic acid (mmol/L); IFN-y, interferon-y (pg/mL); IL-6, interlukin-6 (pg/mL); IL-8,
interlukin-8 (pg/mL); TNF-a, Tumor Necrosis Factor-alpha (pg/mL)

The missing values were imputed with the median of available data points for each variable. The values were taken the worst within 48 h after being diagnosed

with ARDS

Survival analysis and risk factor

The Kaplan—Meier curve indicated that the cumulative
survival rate in the malignancy group was significantly
lower than that in the non-malignancy group (Fig. 1).
Using the multivariable logistic regression models, we
explored the risk factors for PICU mortality in both
patients with and without malignancies, and noted that

the VIS (OR, 1.011; 95% CI: 1.003—1.018; P=0.005) was
an independent risk factor for PICU mortality in patients
with malignancy (Table 4).

According to the ROC curve of VIS in predicting the
survival status in patients with malignancy (Fig. 2a), the
area under the curve (AUC) was 0.800 (95% CI: 0.69—
0.91, P<0.05), and the best cutoff value of the VIS was
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Fig. 1 Kaplan-Meier curve of the PICU mortality in patients with and without malignancies

137.5, with a sensitivity of 0.606, specificity of 0.889,
accuracy of 0.733, positive predictive value of 0.870, and
negative predictive value of 0.649. The Kaplan—Meier
curve and log-rank test (<0.001) also showed a significant
difference in the survival rate between patients with sub-
groups stratified by the VIS (<137.5 vs.>137.5) (Fig. 2b).

Discussion

Our study found that ARDS with malignancy chil-
dren had a significantly higher risk of death than those
without malignancy. Children with malignancy who
develop ARDS are more prone to complications, includ-
ing community-acquired fungal infection, MDR bacte-
rial infection, and organ dysfunction. To the best of our
knowledge, this is the first research report comparing
mortality rates and clinical characteristics between ARDS
patients with and without malignancy in a large-scale
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Table 4 Risk factors associated with PICU mortality in patients
with and without malignancy

Variables Odds Ratio 95% Cl P
Malignancy group
pSOFA 1.249 0.958-1.628 0.101
VIS 1.011 1.003-1.018 0.005
Lactate 1.192 0.928-1.531 0.170
Non-malignancy group
pSOFA 1.132 0.952-1.345 0.160
VIS 1.002 0.996-1.008 0.495
CRP 1.006 0.999-1.014 0.095
Lactate 0.960 0.739-1.246 0.628
IL6 1.000 1.000-1.000 0.624

The models adjusted for all variables listed in the table

PICU population in China. The populations with com-
promised immune systems, especially those with malig-
nancy, are more susceptible to infections and drug
resistance [13-15]. MDR infections not only prolong the
hospital stay and intensive care requirements for malig-
nancy patients but also significantly increase mortality
[2]. In the case of ARDS, MDR infections worsen clinical
outcomes, especially in immunosuppressed patients [16].
Study have shown that that patients with malignancy are
prone to infections, particularly those caused by drug-
resistant pathogens, after undergoing immunosuppres-
sive treatments such as chemotherapy and radiotherapy
[17]. A large retrospective study found that approximately
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90% of ARDS cases in patients with malignancy were
related to infections, with a significant portion caused
by invasive fungal infections [2]. Moreover, the immu-
nosuppressed state following chemotherapy significantly
reduces these patients’ resistance to infections, leading
to an increased incidence of MDR infections [18]. MDR
infections often present atypically, which may delay diag-
nosis and treatment, increasing risks for patients [19].
Therefore, early identification and proactive management
of these infections are key to improving outcomes. Future
research should focus on optimizing these patients’ man-
agement strategies to reduce the worsened outcome of
MDR infections.

In present cohort study, we found that children with
malignancy have a significantly higher incidence of organ
dysfunction compared to non-malignancy patients. Con-
sistent with previous reports, malignancy is more likely
to impair the lungs, liver, kidneys, and coagulation func-
tions, thereby directly impacting patients’ overall qual-
ity of life and prognosis [20]. Malignancy patients in our
PICU have lower hemoglobin and platelet levels com-
pared to non-malignancy patients, leading to a greater
need for blood transfusions. This further reflects the
fragility of their hematological system. The frequency of
CRRT use in ARDS patients with malignancies has sig-
nificantly increased in our center, possibly due to the
more widespread occurrence of kidney or liver dysfunc-
tion in this particular population. Furthermore, CRRT
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Fig. 2 VIS is an independent predictor of PICU mortality in patients with malignancy. (@) The receiver operating characteristic curve of the vasoactive—
inotropic score (VIS) in predicting the survival status in patients with malignancy. The sensitivity is 0.606, specificity is 0.889, accuracy is 0.733, positive
predictive value is 0.870 and negative predictive value is 0.649. (b) the Kaplan-Meier curve of the PICU mortality in the subgroups stratified by the VIS

(cutoff value, 137.5) in patients with malignancy
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can effectively correct metabolic imbalances, study in
pediatric malignancy patients found that CRRT has a
rapid effect in correcting hyperphosphatemia and hyper-
uricemia in tumor lysis syndrome. Most patients return-
ing to normal electrolyte levels within 12 h after CRRT
initiation [21]. Moreover, a retrospective study involv-
ing patients with AKI and malignancy revealed that the
overall mortality rate remains alarmingly high, particu-
larly among those with hematological malignancies [22].
Factors such as the timing of CRRT initiation, severity
of illness as indicated by the SOFA score, and the pres-
ence of oliguria were significant predictors of outcomes
in this population [23, 24]. Notably, early initiation of
CRRT has been correlated with improved survival rates
[25]; emphasizing the importance of timely intervention
in critically ill patients.

In our study, children with malignancy had a shorter
duration of ventilation than their non-malignancy coun-
terparts. This difference may be closely linked to the
higher mortality risk that malignancy patients experi-
ence in the PICU. Additionally, evidence indicates that
non-invasive ventilation can effectively lower mortality
rates in patients with hematological malignancies com-
pared to invasive mechanical ventilation [26]. The litera-
ture has also validated the effectiveness of non-invasive
ventilation in pediatric immunocompromised patients
[27]. This further emphasizes the importance of mini-
mizing the reliance on invasive support for this vulner-
able population. Unfortunately, our study did not track
ventilator-free days, leading to missing data that limits
our ability to conduct an in-depth analysis of the poten-
tial benefits of non-invasive ventilation. The variables of
CRP and PCT levels and the distribution of CD8* T cells
and CD19* B cells indicate unique infection and immune
response characteristics in patients with malignancies.
This immune characteristic may reflect the complexity of
the tumor microenvironment and the tumor cells’ escape
mechanisms from the host immune system. Immune
system in malignancy patients is often in a state of con-
tinuous activation, leading to immune suppression and
increased risk of infection, which can adverse outcomes
[28]. Therefore, monitoring immune status of malignancy
patients will help optimize treatment plans and improve
patient prognosis. Identifying VIS as a risk factor for
mortality in ARDS patients with malignancies repre-
sents a pivotal finding in our research. Elevated VIS lev-
els are typically associated with hemodynamic instability
in patients, which is particularly pronounced in those
with malignancy, the presence of malignancy affects
the patient’s physiological state and can cause hemody-
namic changes during treatment, potentially worsening
the condition and increasing mortality risk [29]. Previ-
ous research has demonstrated that VIS is highly sensi-
tive and specific in predicting mortality in PICU [30].
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For instance, one study showed a significant correlation
between VIS and mortality risk in patients with septic
shock, with an AUC of 0.88, further validating the effec-
tiveness of VIS as a prognostic indicator [31]. Addition-
ally, higher VIS levels are linked to organ dysfunction and
increased mortality, highlighting the importance of VIS
in guiding clinical management [32, 33]. In patients with
malignancy, a higher VIS likely reflect the hemodynamic
changes caused by the malignancy and its treatment; for
instance, a study of pediatric patients with hematological
malignancies found a positive correlation between high
VIS and mortality [5]. Moreover, prolonged mechanical
ventilation time and higher VIS may impact the progno-
sis of children with hemophagocytic lymphohistiocyto-
sis, further emphasizing the necessity of monitoring VIS
in clinical practice [34]. In summary, as an independent
prognostic indicator, VIS holds broad application pros-
pects in ARDS with malignancy. Clinicians should con-
sider incorporating it into routine monitoring to better
assess changes in the patient’s condition and optimise
treatment strategies.

Our study has several limitations. Firstly, as a single-
center, limited-scale retrospective study, its conclusions
need to be confirmed by a multi-center, well-designed,
and prospective study with a larger population. Sec-
ondly, the lack of data on ventilator-free days hampers a
comprehensive assessment of patients’ respiratory sup-
port needs and recovery times. Lastly, due to limitations
in data collection, we could not include information on
MDR genes in this study.

Conclusion

ARDS patients with malignancies present higher mortal-
ity rates and more organ dysfunction than those without
malignancies. The VIS only serves as an independent
predictor of mortality in ARDS patients with malignancy.
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