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ABSTRACT
Introduction: Cancer patients were at risk of developing severe respiratory conditions when affected by COVID-19, requiring intensive 
support and invasive mechanical ventilation (IMV). Objective: Evaluate the factors associated with death of cancer patients by COVID-19 
who developed respiratory failure and need of IMV. Method: Retrospective cohort study of cancer patients in an oncology intensive 
care unit (ICU), with COVID-19 and on IMV was carried out from April 2020 to December 2021. All patients with cancer admitted 
to the ICU on IMV or who developed IMV due to worsening of COVID-19 were sequentially included, excluding those who had been 
in follow-up of the oncological disease for more than five years. For statistical analysis, measures of central tendency and dispersion were 
used, as well as absolute and relative frequencies. Multiple logistic regression was applied to evaluate factors associated with mortality, 
considering statistically significant values of p < 0.05. Results: 85 patients were included in the study. Death was higher for patients with 
solid tumors (OR= 3.64; 95% CI, 1.06-12.52; p = 0.04), in addition to those who required renal support while in ICU (OR = 6.88; 
95% CI, 1.82-25.98; p = 0.004), those who could not be extubated (OR= 8.00; 95% CI, 2.16-29.67; p = 0.002) and who presented an 
alveolar distension pressure value greater than 15cmH2O for at least one day (OR= 5.9; 95% CI, 1.76-19.80; p = 0.004). Conclusion: 
Clinical and IMV characteristics were associated with death in cancer patients with COVID-19 and IMV.
Key words: Neoplasms/epidemiology; COVID-19; Respiratory Distress Syndrome; Critical Care; Ventilators, Mechanical.

RESUMO 
Introdução: Pacientes com câncer apresentaram risco de desenvolver quadros 
respiratórios graves quando acometidos por covid-19, com necessidade de 
suporte intensivo e de ventilação mecânica invasiva (VMI). Objetivo: Avaliar 
os fatores associados ao óbito em pacientes oncológicos que tiveram covid-19 
e evoluíram com insuficiência respiratória e necessidade de VMI. Método: 
Estudo de coorte retrospectivo de pacientes com câncer em uma unidade de 
terapia intensiva (UTI) oncológica, com covid-19 e em VMI de abril de 2020 
a dezembro de 2021. Foram incluídos de forma sequencial todos os pacientes 
com câncer admitidos na UTI em VMI ou que evoluíram com VMI por 
agravamento da covid-19, sendo excluídos aqueles em controle da doença 
oncológica há mais de cinco anos. Para a análise estatística, foram utilizadas 
medidas de tendência central e dispersão, assim como frequências absolutas 
e relativas. A regressão logística múltipla foi aplicada para a avaliação dos 
fatores associados à mortalidade, considerando estatisticamente significante 
valores de p<0,05. Resultados: Foram incluídos no estudo 85 pacientes. O 
óbito foi maior entre os pacientes com tumores sólidos (OR= 3,64; IC 95%: 
1,06-12,52; p=0,04), entre os que necessitaram de suporte renal durante 
a internação na UTI (OR= 6,88; IC 95%: 1,82-25,98; p=0,004), os que 
não puderam ser extubados (OR= 8,00; IC 95%: 2,16-29,67; p=0,002) 
e os que apresentaram o valor de pressão de distensão alveolar maior do 
que 15cmH2O por pelo menos um dia (OR= 5,9; IC 95%: 1,76-19,80; 
p=0,004). Conclusão: Características clínicas e de VMI estavam associadas 
à morte de pacientes oncológicos com covid-19 e em VMI.
Palavras-chave: Neoplasias/epidemiologia; covid-19; Síndrome do 
Desconforto Respiratório; Cuidados Críticos; Ventiladores Mecânicos.

RESUMEN
Introducción: Los pacientes con cáncer corrían riesgo de desarrollar 
afecciones respiratorias graves al ser afectados por la COVID-19, 
requiriendo soporte intensivo y ventilación mecánica invasiva (VMI). 
Objetivo: Evaluar los factores asociados a la muerte en pacientes con cáncer 
que tuvieron COVID-19 y que desarrollaron insuficiencia respiratoria y 
necesidad de VMI. Método: Estudio de cohorte retrospectivo en pacientes 
oncológicos internados en una unidad de cuidados intensivos (UCI) 
de oncología, con COVID-19 y en VMI de abril de 2020 a diciembre 
de 2021. Se incluyeron secuencialmente todos los pacientes con cáncer 
ingresados   en UCI con VMI o que necesitaron VMI por empeoramiento de 
la COVID-19, excluyendo a aquellos que llevaban más de cinco años bajo 
control de la enfermedad oncológica. Para el análisis estadístico se utilizaron 
medidas de tendencia central y dispersión, así como frecuencias absolutas 
y relativas. Se aplicó regresión logística múltiple para evaluar los factores 
asociados a la mortalidad, considerando valores de p<0,05 estadísticamente 
significativos. Resultados: Se incluyeron en el estudio 85 pacientes. La 
muerte fue mayor entre los pacientes con tumores sólidos (OR= 3,64; IC 
95%, 1,06-12,52; p=0,04), entre los que requirieron soporte renal durante 
la estancia en UCI (OR = 6,88; IC 95%, 1,82-25,98; p= 0,004), entre los 
que no pudieron ser extubados (OR= 8,00; IC 95%, 2,16-29,67; p= 0,002) 
y entre los que presentaron un valor de presión de distensión alveolar mayor 
a 15cmH2O durante al menos un día (OR = 5,9; IC 95%, 1,76-19,80; 
p=0,004). Conclusión: Las características clínicas y de VMI se asociaron 
con la muerte en pacientes oncológicos con COVID-19 y en VMI.  
Palabras clave: Neoplasias/epidemiología; COVID-19; Síndrome de 
Dificultad Respiratoria; Cuidados Críticos; Ventiladores Mecánicos.
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INTRODUCTION

Patients with cancer account for nearly 15% to 20% of 
all the patients admitted to intensive care units (ICU)1,2. 
The admission to the ICU is guided by the evaluation 
of clinical and oncologic prognosis with complex and 
multiprofessional approach3,4.

Acute respiratory failure associated with infections is 
among the multiple causes of admission of patients with 
cancer to the ICU5,6. Viral and bacterial pneumonias are 
the main triggering causes of the acute respiratory distress 
syndrome (ARDS) in immunocompromised individuals 
such as cancer patients. In the last years, the epidemic 
provoked by emerging viruses as SARS-CoV-2 in 2019, 
was responsible for the biggest incidences of ARDS in 
the whole world7,8.

When affected by COVID-19, cancer patients were 
in the group of individuals with risk of developing severe 
respiratory conditions needing intensive support care 
and invasive mechanic ventilation (IMV)9. Studies have 
shown that these patients presented worse outcomes than 
other group of patients affected by COVID-19 with 
high risk of evolving to the severe form of the disease 
and cancer diagnosis is an independent risk of death10. 
In addition, patients with cancer tend to be older with 
more comorbidities than the general population. For this 
group, the main comorbidities described are hypertension, 
diabetes and obesity11.

The great number of ARDS triggered by SARS-CoV-2 
associated viral pneumonia brought new discussions 
about clinical presentation, diagnosis, treatment and 
outcome of the syndrome12. One of the relevant topics 
was that for patients with associated COVID-19 acute 
respiratory distress syndrome (CARDS), the period since 
the diagnosis of viral infection and diagnosis of ARDS can 
be greater than earlier defined by the Berlin classification12.

Another important discussion was the understanding 
that patients with CARDS presented different respiratory 
mechanic patterns and heterogeneous responses to alveolar 
recruitment by increased pressure applied to airways, 
leading to the concept of different phenotypes in patients 
with ARDS12,13. 

The thorough management of mechanic ventilation 
is one of the main non-pharmacological approaches for 
patients with ARDS and is the target of efforts to ensure 
improved care to these patients.

It is relevant to know the profile of patients with 
cancer needing IMV as a result of COVID-19 due to the 
substantial number of patients admitted to the ICU and 
the specificities of cancer patients. The objective of this 
study is to evaluate the factors associated with death of 
cancer patients diagnosed with COVID-19 in 30 days 

who evolved to acute respiratory failure and needed IMV 
at an oncologic ICU.

METHOD

Retrospective cohort study of patients with any type 
of cancer, older than 18 years admitted to the ICU for 
adults of “Hospital do Câncer I (HCI)” of the National 
Cancer Institute (INCA) in Rio de Janeiro, diagnosed 
with COVID-19 and who needed mechanic ventilation 
from April 2020 to December 2021. All cancer patients 
admitted to the ICU who had COVID-19 and evolved 
to respiratory failure and needed IMV during the study 
period were enrolled sequentially. 

The Institutional Review Board (IRB) approved the 
study, report number 4,176,866 on July 28, 2020 (CAAE 
(submission for ethical review) 35200820.0.0000.5274), 
in compliance with ethical guidelines of Directive 
466/201214 of the National Health Council.

The information were collected from physical 
and electronic charts and entered into the data 
management software Research Electronic Data 
Capture (REDCap)15. 

The patients were not approached directly. 
Sociodemographic data and information about the 
oncologic disease as type of neoplasm, staging, cancer 
treatment performed and performance status (PS) were 
collected one week before the admission to the ICU. 
The types of cancer were divided in solid tumors and 
hematological neoplasms to analyze the results. 

Polymerase Chain Reaction Test (PCR-RT) for 
coronavirus, hemoglobin, D-dimer, C-reactive protein 
(CRP) and albumin were the lab tests collected. At 
admission to ICU, the prognostic Simplified Acute 
Physiology Score (SAPS-3) was collected and the diagnosis 
of sepsis or ARDS has been performed. 

Information about interventions during hospitalization 
to the ICU as use of neuromuscular blockers, kidney 
support and tracheostomy have also been obtained, in 
addition to ventilatory support at admission, reason and 
date of intubation and extubation, whether pronation 
maneuvers have been performed, parameters of mechanic 
ventilation, arterial blood gas and discontinuation of 
mechanic ventilation were collected as well, further to 
the date of discharge or death during hospitalization and 
death within 30 days. 

The software SPSS16 (Statistical Package for Social 
Science for Windows, São Paulo, Brazil) version 24.0 
was utilized for statistical analyzes. The Kolmogorov 
Smirnov normality test was applied with p > 0.05 for 
normal distribution. Measures of central tendency and 
dispersion for the continuous variables and absolute and 
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relative frequencies for categorical variables were utilized 
to analyze the data.

Stepwise-forward univariate and multiple logistic 
regression was calculated to evaluate mortality associated 
factors. In the crude model, the variables had level of 
significance of p < 0.20. The variables with p < 0.05 
were included in the adjust model in logistic regression. 
The measure of effect utilized was odds ratio (OR) with 
confidence interval (CI) of 95%.

RESULTS

In the study period, 85 patients met the inclusion 
criteria: males (55.3%), older than 60 years of age (55.3%) 
and body mass index (BMI) > 25 (63.1%). The main 
comorbidities found were systemic arterial hypertension 
(49.4%) and diabetes mellitus (21.2%) (Table 1). 

Most of them had solid tumors (55.3%): gastrointestinal 
system (11.8%), head and neck (11.8%), lung cancer 
(8.2%), primary tumor/metastasis to the central nervous 
system (7.1%), prostate cancer (7.1%) and others (9.4%). 
The hematologic neoplasms detected were: lymphomas 
(18.8%), leukemias (17.6%) and multiple myeloma 
(8.2%).

The majority had functional status little affected with 
PS from zero to two (75.1%), active disease (83.3%) 
and in cancer treatment at the enrollment (76.5%) 
(Table 1). Chemotherapy (61.4%), surgery (22.4%) and 
radiotherapy (14.3%) performed within 12 months before 
admission were counted combined.

Most of the patients was admitted to the ICU with 
sepsis or septic shock (82.4%), severity grade SAPS-3 ≥ 
65 (52.4%), diagnosed with ARDS (72.9%) and needed 
neuromuscular blocker (84.7%). Nearly half of the 
patients needed kidney support (47.1%). More than one 
third of the patients (38.8%) was submitted to at least 
one pronation maneuver during hospitalization.

Approximately two thirds (68.2%) of the patients were 
hospitalized for 15 days or more. Most of them needed 
mechanic ventilation for more than 15 days with IMV 
(65.5%). Extubation was performed in 27.1% of the cases 
and tracheostomy, in 37.6% of the patients (Table 2). 

The median time of hospitalization to the ICU was 
20 days (interquartile range – IQR –11.50-30.50) and 
the median time of mechanic ventilation was 21 days 
(IQR – 11.50-30.00). The time of mechanic ventilation 
up to extubation and tracheostomy was 10.04 (±5.23) 
days and 15.50 (±4.63) days, respectively. And the time 
of mechanic ventilation in patients tracheostomized was 
32.50 (IQR 24.00-40.25) days.

The multivariate analysis of mechanic ventilation 
(Table 3) revealed that values of driving pressure higher 

than 15 cmH2O (49.9%) and peak pressure (P peak) 
higher than 30 cmH2O (47.1%) at least for one day was 
statistically significant associated with death. Most of the 
patients (78.8%) kept the tidal volume (Vt) higher than 
6 ml/kg of predicted individual weight in the first 72 
hours of IMV. Positive end-expiratory pressure (PEEP) 
higher than 11 cmH2O for two days or more were found 
in 56.55% of the patients. 

The overall median Vt of the population was 7.42 
(IQR 7.20-7.50) ml/kg and mean of DP in the initial 72 
hours was 14.0 (±2.8) cmH2O in patients who died and 
11.7 (±3.0) cmH2O in survivors with p = 0.002. 

The arterial blood gas in the initial 72 hours of 
mechanic ventilation for 25.9% of the patients still 
kept the ratio of PaO2/FiO2 ≤ 200, being this a variable 
statistically associated with death. Potential of hydrogen 
(pH) lower than 7.35 for at least four days (47.1%) and 
partial pressure of CO2 (pCO2) higher than 45 cmH2O for 
at least seven days (60%) were also associated with death 
according to the univariate analysis (Table 3). 

In addition, patients who died presented mean of 7.4 
(±0.9) of pH in the initial 72 hours and survivors, mean 
of 7.3 (±0.8). 

The lab tests (Table 4) show the patients who presented 
median values of D-dimer of 4,645 (2,212-8,644), 
hemoglobin of 8.78 (8.07-9,98), and mean values of CRP 
of 12.93 (±6.08) and CRP/albumin index of 6.20 (±4.13). 
The median of days with CRP > 10 mg/L was four days 
(2-5). However, no statistically significant difference was 
found among these characteristics and death.

The adjusted analysis (Table 5) revealed that patients 
with solid tumors had 3.64 more odds of dying than 
patients diagnosed with hematological neoplasms 
when admitted with severe COVID-19 and submitted 
to mechanic ventilation (CI 95%, 1.06-12.52; p = 
0.04). Patients submitted to kidney support during 
hospitalization had 6.88 more odds of death than those 
who didn’t (CI 95%, 1.82-25.98; p = 0.004). Those 
patients who were unable to be extubated had eightfold 
more odds of dying than those who were extubated 
during hospitalization (CI 95%, 2.16-29.67; p = 0.002). 
And the patients who remained at least one day with DP 
higher than 15 cmH2O had 5.9 more odds of dying than 
those with DP lower than 15 cmH2O during the first 
15 days of mechanic ventilation (CI 95%, 1.76-19.80; 
p = 0.004).

DISCUSSION

The objective of the article was to describe the profile 
of patients with cancer who evolved to COVID-19 related 
respiratory failure and needed IMV. Death was higher 
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Table 1. Sociodemographic and clinic characteristics and association with death of cancer patients with COVID-19 who evolved to acute 
respiratory failure and needed mechanic ventilation from April 2020 to December 2021 at the ICU of HCI/INCA (n=85)

Sociodemographic and clinic 
characteristics 

n (%)

Death

OR (CI 95%) pYes
n (%)

No
n (%)

Age

≥60 years 47 (55.3) 33 (61.1) 14 (45.2) 1.00 0.155*

<60 years 38 (44.7) 21 (38.9) 17 (54.8) 0.52 (0.21-1.28)

Sex

Male 47 (55.3) 31 (57.4) 16 (51.6) 1.00

Female 38 (44.7) 23 (42.6) 15 (48.4) 0.79 (0.33-1.92) 0.605

Race/skin color1

White 36 (44.4) 23 (44.2) 13 (44.8) 1.00

Non-white 45 (55.6) 29 (55.8) 16 (55.2) 1.02 (0.41-2.55) 0.959

BMI1

< 25 31 (36.9) 17 (31.5) 14 (46.7) 1.00

≥ 25 53 (63.1) 37 (68.5) 16 (53.3) 1.90 (0.76-4.77) 0.167*

SAH

No 43 (50.6) 26 (48.1) 17 (54.8) 1.00

Yes 42 (49.4) 28 (51.9) 14 (45.2) 1.31 (0.54-3.17) 0.553

Diabetes mellitus

No 67 (78.8) 41 (75.9) 26 (83.9) 1.00

Yes 18 (21.2) 13 (24.1) 5 (16.1) 1.65 (0.53-5.17) 0.388

Type of cancer 

Hematologic neoplasm 38 (44.7) 20 (37.0) 18 (58.1) 1.00 0.063*

Solid tumors  47 (55.3) 34 (63.0) 13 (41.9) 2.35 (0.95-5.80)

Activity of the disease 

No evidence 14 (16.7) 11 (20.4) 3(10.3) 1.00 0.211

Active disease 70 (83.3) 43 (79.6) 26 (89.7) 0.42 (0.11-1.63)

Cancer treatment 

No 20 (23.5) 14 (25.9) 6 (19.4) 1.00 0.493

Yes 65 (76.5) 40 (74.1) 25 (80.6) 0.69 (0.23-2.02)

Performance status1

Up to two 61 (75.3) 39 (75.0)  22 (75.9) 1.00 0.931

Above two 20 (24.7) 13 (25.0) 7 (24.1) 1.04 (0.36-3.01)

Captions: OR = odds ratio; CI = confidence interval; BMI = body mass index; SAH = systemic arterial hypertension.
1Valid cases. 
*Variable included in the multivariate analysis (p < 0.20).

in patients with solid tumors, needing kidney support 
during hospitalization to the ICU, patients unable to be 
extubated and those who presented alveolar distending 
pressure higher than 15 cmH2O at least for one day in 
the first 15 days of mechanic ventilation. 

Primarily, for being an exclusive cohort of individuals 
with cancer, all of them presented high risk of being admitted 
to the ICU, invasive mechanic ventilation and possibility 

of death by COVID-19 due to immunocompromise and 
cancer treatment than the general population10,17,18.

The total percent of deaths was 63.5%, a result higher 
than the numbers found by Chang et al.19 in COVID-
19-infected patients with several clinical etiologies and 
need of mechanic ventilation (43%), but close to the 
value found by Zylberman et al.18, with 72.2% of deaths 
in patients with cancer and COVID-19 who needed 
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Table 2. Characteristics of admission to ICU and association with death of cancer patients diagnosed with COVID-19 who evolved to acute 
respiratory failure and needed mechanic ventilation from April 2020 to December 2021 at the ICU of HCI/INCA (n=85)

Variable n (%)

 Death
OR 

(CI 95%)
pYes

n (%)
No

n (%)

SAPS-3

<65 39 (47.6) 23 (44.2) 16 (53.5) 1.00 0.427

≥65 43 (52.4) 29 (55.8) 14 (46.7) 1.44 (0.58-3.55)

Severity of the infection 
at admission

No sepsis 15 (17.6) 7 (13.0) 8 (25.8) 1.00 0.237

Sepsis/Septic shock 70 (82.4) 47 (87.0) 23 (74.2) 3.06 (0.48-19.64)

ARDS 

No 23 (27.1) 12 (22.2) 11 (35.5) 1.00 0.442

Yes 62 (72.9) 42 (77.8) 20 (64.5) 1.55 (0.50-4.83)

Moderate/severe ARDS

No 50 (58.8) 29 (53.7) 21 (67.7) 1.00 0.480

Yes 35 (41.2) 25 (46.3) 10 (32.3) 1.47 (0.50-4.29)

Hospitalization (days)

Up to 14 days 27 (31.8) 18 (33.3) 9 (29.0) 1.00 0.682

15 days or more 58 (68.2) 36 (66.7) 22 (71.0) 0.89 (0.31-2.13)

Mechanic ventilation 
(days)

Up to 14 days 31 (36.5) 17 (31.5) 14 (45.2) 1.00 0.209

15 days or more 54 (65.5) 37 (68.5) 17 (54.8) 1.79 (0.72-4.48)

Extubation 

Yes 23 (27.1) 7 (13.0) 16 (51.6) 1.00 <0.001*

No 62 (72.9) 47 (87.0) 15 (48.4) 7.16 (2.48-20.72)

Tracheostomy at ICU1

No 53 (62.4) 35 (64.8) 18 (58.1) 1.00 0.537

Yes 32 (37.6) 19 (35.2) 13 (41.9) 0.75 (0.30-1.86)

Use of neuromuscular 
block 

No 13 (15.3) 4 (7.4) 8 (26.7) 1.00 0.012*

Yes 72 (84.7) 50 (92.6) 22 (73.3) 5.11 (1.42-18.4)

Kidney support at ICU 

No 45 (52.9) 22 (40.7) 23 (74.2) 1.00 0.004*

Yes 40 (47.1) 32 (59.3) 8 (25.8) 4.18 (1.58-11.03)

Pronation maneuver 

Yes 33 (38.8) 24 (44.4) 9 (29.0) 1.00 0.160*

No 52 (61.2) 30 (55.6) 22 (71.0) 0.51-1.31

Captions: OR = odds ratio; CI = confidence interval; ICU = intensive care unit; SAPS-3 = Simplified Acute Physiology Score; ARDS = acute respiratory distress 
syndrome 
*Variable included in the multivariate analysis (p < 0.20).
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Table 3. Characteristics of mechanic ventilation, arterial blood gas and association with death in patients diagnosed with COVID-19 who 
evolved with acute respiratory failure and need of mechanic ventilation from April 2020 to December 2021 at the ICU of HCI/INCA (n = 85)

Variable n (%)
Death

OR 
(CI 95%)

pYes
n (%)

No
n (%)

P peak > 30 cmH2O (days)

None 45 (52.9) 21 (38.9) 24 (77.4) 1.00 0.001*

One day or more 40 (47.1) 33 (61.1) 7 (2.6) 5.39 (1.97-14.70)

PEEP > 11 cmH2O (days)

Less than two days 37 (43.5) 18 (33.3) 19 (61.3) 1.00 0.140*

Two days or more 48 (56.5) 36 (66.7) 12 (38.7) 3.16 (1.26-7.93)

Mean Vt (6) 

Up to 6 ml/kg 18 (21.2) 13 (24.1) 5 (16.1) 1.00 0.391

>6 ml/kg 67 (78.8) 41 (75.9) 26 (83.9) 0.61 (0.19-1.90)

DP > 15 cmH2O (days)

None 43 (50.6) 19 (35.2) 4 (77.4) 1.00 < 0.001*

One day or more 42 (49.4) 35 (64.8) 7 (22.6) 6.31 (2.3-17.35)

PaO2/FiO2 initial 72 hours

>200 63 (74.1) 34 (63.0) 29 (93.5) 1.00 0.006*

≤200 22 (25.9) 20 (37.0) 2 (6.5) 8.53 (1.84-39.61)

pH initial 72 hours 

>7.35 mmHg 45 (52.9) 24 (44.4) 21 (67.7) 1.00 0.380

≤7.35 mmHg 40 (47.1) 30 (55.6) 10 (32.3) 2.62 (1.04-6.61)

pH < 7.35 (days)

Less than four days 42 (49.4) 19 (35.2) 23 (74.2) 1.00 0.001*

Four days or more 43 (50.3) 35 (64.8) 8 (25.8) 5.29 (1.99-14.10)

PCO2 initial 72 hours

≤ 45 mmHg 20 (24.4) 11 (20.4) 9 (32.1) 1.00 0.240

> 45 mmHg 62 (75.6) 43 (79.6) 19 (67.9) 1.85 (0.66-5.20)

pCO2 > 45 mmHg (days)

Less than seven days 34 (40.0) 15 (27.8) 19 (61.3) 1.00 0.003*

Seven days or more 51 (60.0) 39 (72.2) 12 (38.7) 4.11 (1.61-10.50)

Captions: OR = odds ratio; CI = confidence interval; P peak = peak airway pressure; DP = driving pressure; PEEP = positive end-expiratory pressure; Vt = tidal 
volume; PaO2/FiO2 = ratio of arterial O2 partial pressure to fraction of inspired O2; pH = potential hydrogen; pCO2 = partial pressure of CO2. 
1Data of the first 15 days in mechanic ventilation.
*Variable included in the multivariate analysis (p < 0.20).

mechanic ventilation from May to November 2020. In 
that study18, death was associated with older than 65 years 
of age and tobacco use. In the current investigation, the 
majority of the patients were males, older than 60 years 
of age and these characteristics were associated with worst 
outcomes either in the general populations20 or specific 
populations of patients with cancer21,22. However, age and 
sex were not associated with death, possibly due to the 
small number of patients. 

The patients with solid tumors had 3.64-fold higher 
odds of dying than those with hematological neoplasms 
(OR = 3.64, CI 95%:1.06-12,52; p = 0.04) in the final 
adjusted model, contrary to other studies: Lee et al.23 found 

2.09-fold higher odds of death in hematologic patients 
submitted to chemotherapy recently than all the others 
without this condition (OR: 2.09, CI95%: 1.06-4.08; 
p = 0.028). In a recent retrospective population-based 
cohort study, Hosseini-Moghaddam et al.17 described a 
risk 1.65-fold higher of death in patients with hematologic 
neoplasms than those with solid tumors (Hazard ratio 
2.08, CI 95% , 1.74-2.49)14. 

The first hypothesis was that the patients with solid 
tumors investigated in the present study would be older 
than those with hematological neoplasms. However, 
it was not confirmed in the adjusted analysis. Another 
justification would be the variety of types of neoplasms, 
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Table 4. Lab tests and association with death of cancer patients diagnosed with COVID-19 who evolved with acute respiratory failure and 
needed mechanic ventilation from April 2020 to December 2021 at the ICU of HCI/INCA (n=85)

Variables Total
 Death

p
Yes No

D-dimer  
(n = 80)1

4.645 (2.212-8.644) 4.754 (2.098-8.962) 4.631 (2.356-8.074) 0.905

D-dimer maximum 
(n = 80)1

7.109 (3.505-15.515) 6.778 (3.470-15.075) 7.469 (4.304-19.150) 0.327

Hemoglobin 
(n = 85)1

8.75 (8.07-9.98) 8.70 (8.06-9.80) 8.78 (8.11-10.33) 0.62

CRP 
(n = 84)2

12.93 (±6.08) 13.88 (±6.24) 11.30 (±5.54) 0.612

CRP/albumin 
(n = 58)2

6.28 (±4.13) 6.21 (±3.94) 6.33 (±4.46) 0.917

1median (IQR); 2mean (standard deviation). 
Caption: CRP = C-reactive protein.

Table 5. Multiple model of factors associated with death in cancer patients diagnosed with COVID-19 who evolved with acute respiratory 
failure and need of mechanic ventilation from April 2020 to December 2021 at the ICU of HCI/INCA (n = 85)

Variable 
OR 

crude
(CI 95%)

p
OR 

adjusted
(CI 95%)

p

Type of cancer 

Hematologic neoplasms 1.00 0.063 1.00 0.040

Solid tumors 2.35 (1.58-11.03) 3.64 (1.06-12.52)

Renal support at ICU

No 1.00 0.004 1.00 0.004

Yes 4.18 (1.58-11.03) 6.88 (1.82-25.98)

Extubation 

Yes 1.00 < 0.001 1.00 0.002

No 7.16 (2.48-20.72) 8.00 (2.16-29.67)

Days with DP > 15 cmH2O

None 1.00 < 0.001 1.00 0.004

One days or more 6.31 (2.3-17.35) 5.91 (1.76-19.80)

Captions: OR = odds ratio; CI = confidence interval; ICU = intensive care unit; DP = driving pressure.

different types of protocols utilized and the possibility 
of hematological patients being more propense to 
non-therapeutic limitation while at the ICU, but these 
variables were not addressed in this study. 

A post hoc analysis of the EFRAIM study – a multicenter 
observational prospective study of immunocompromised 
patients with hypoxemic respiratory failure admitted to 
ICU – by Benguerfi et al.24 identified that 45.7% of the 
patients with solid tumors who evolved to hypoxemic 
respiratory failure and died, was associated with the 
Sequential Sepsis-related Organ Failure Assessment 

(SOFA) at admission, the presence of heart failure and 
lung cancer24. 

Another post hoc analysis of the EFRAIM study by 
Secreto et al.25 concluded that for patients with acute 
myeloid leukemia and associated respiratory failure, 
clinical characteristics and organ dysfunction at admission 
were predictors of death as well25. 

The diagnosis of ARDS is one of the organ dysfunctions 
which increases the risk of death in cancer patients26. 
However, in the present investigation, apparently, the 
outcome was more associated with the long period of 

https://pubmed.ncbi.nlm.nih.gov/8844239/
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hospitalization than severity at admission. The main 
markers of severity at admission (diagnosis of sepsis or 
ARDS and elevated SAPS-3) were not associated with 
death. 41.2% of the patients presented moderate to severe 
ARDS at admission, but death was not different than 
those who were not diagnosed with ARDS or had mild 
ARDS at admission. 

In a large cohort multicenter study, Li Bassi et al.27 
found that severity of hypoxemia during IMV was 
associated with mortality and prolonged hospitalizations 
in patients with COVID-19 but with considerable 
improvement of PaO2/FiO2 in the first 24 hours of 
mechanic ventilation27. PaO2/FiO2 lower than 200 in the 
first 72 hours of mechanic ventilation was associated with 
death in the crude analysis, being statistically different 
than the group whose PaO2/FiO2 was higher than 200 
in the first 72 hours, suggesting the negative impact of 
prolonged hypoxemia in cancer patients with ARDS. 
However, this variable was not statistically significant in 
the adjusted model. 

The impossibility of extubation was associated with 
death as the present investigation concluded. Spontaneous 
breathing and extubation trials depend on multiple factors 
as satisfactory level of consciousness, resolution or clinical 
improvement of established organ dysfunctions and 
capacity of respiratory muscle to support spontaneous 
ventilation28. 

The frequent use of deep sedation and neuromuscular 
blockers and persistent inflammatory conditions present 
in COVID-19 infection29,30 may have contributed for 
prolonged mechanic ventilation and impediment of 
spontaneous breathing trials in tracheostomized patients 
and those who died still intubated. In addition, the patients 
maintained some inflammatory markers as D-dimer and 
CRP quite elevated while in mechanic ventilation, a 
clear sign of patients with cancer31,32, corroborating the 
hypothesis of perpetuation of the inflammatory process 
in this population. 

Renal replacement therapy due to kidney insufficiency, 
resulting from direct lesion of the organ or secondary to 
the inflammation and secondary endothelial dysfunction 
to the infection33 was associated with death of patients 
with COVID-19. Zampieri et al34. described a relation 
between the beginning of mechanic ventilation and 
renal insufficiency in patients affected by COVID-19 
needing renal replacement therapy persisting as a factor 
associated with death of critically ill patients with and 
without cancer35,36.

Maintenance of DP higher than 15 cmH2O for at least 
one day was a variable associated with death in the present 
study. Oliveira et al.37 found that DP higher than 14 
cmH2O was an independent factor associated with death of 

patients with COVID-19. Demoule et al.38, in a secondary 
analysis of the EFRAIM study, have also found significant 
association among variables of respiratory mechanic (DP, 
plateau pressure and compliance of respiratory system) 
and death, concluding that these are important predictors 
of mortality in immunocompromised patients38. 

These findings confirm the concept already established 
that the maintenance of an elevated alveolar distending 
pressure combined with other variables of the breather is 
one of the main etiologic agents of ventilation-induced 
lung injury (VILI). Overload on the lungs perpetuates 
the inflammatory process and tissue structural damage 
with gradual reduction of lung compliance, impacting 
the dependence on mechanical ventilation and mortality 
of patients with ARDS39,40.

Although DP is a variable measured directly from 
the mechanic ventilator with well-defined cutoff value 
in intensive therapy practice, it is, actually, a function 
derived either from adjusted pressure, plateau pressure 
and PEEP or Vt and the mechanic properties of the 
respiratory system. Other variables as PEEP and Vt have 
not been associated with death in the present study, 
however, a consensus exists that, to minimize the risk of 
ventilator-induced lung injury in any patient, ventilatory 
monitoring should be comprehensive, frequent and 
thorough, including static parameters (plateau pressure 
and transpulmonary pressure) and dynamic parameters 
(respiratory frequency and flow)41. 

This study was one of the pioneers in analyzing factors 
associated with death of cancer patients with COVID-19 
who evolved with acute respiratory failure and need 
of IMV at a reference oncology institution within the 
National Health System (SUS). In addition, it was possible 
to analyze multiple clinical variables and mechanic 
ventilation, which helped to design a more comprehensive 
prognostic profile of the population investigated. 

The limitations of the study are inherent to the 
initial purpose and the atypical conditions of the period 
investigated but future and broader studies may address 
this issue.

One of them was that due to the reduced number 
of beds and the necessity of determining the oncologic 
treatment, the priority of ICU beds was for post-
operation and oncologic emergencies. Some patients 
with COVID-19 in non-invasive mechanic ventilation or 
oxygen therapy were not admitted to the ICU, remaining 
in the institution’s wards for this disease, unlike what 
happened in other COVID-19 reference ICUs which, in 
general, had patients in IMV or not. 

Another limitation was not being possible to stratify 
the patients in relation to phenotypes of ARDS recently 
established in the literature. One of the most important 
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modifications post-COVID-19 pandemic was the 
identification of different phenotypes at the diagnosis 
of ARDS that allows better stratification of patients 
to provide patient-centered ventilatory support with 
dynamic parameters adjusted to the profile of respiratory 
mechanic and to the personal clinical characteristics either 
in ARDS by COVID-19 or other etiologies12,42.

Data of patients of one institution were analyzed, 
but it is possible that cancer patients treated in other 
institutions have different profiles and are not comparable 
to the patients evaluated, in relation to external validity. 

The death of cancer patients in intensive therapy 
should also be evaluated under the perspective of regular 
reassessments of clinical and oncologic prognosis43,44, 
according to palliative care principles. Therefore, future 
studies can better stratify patients who have indication 
to receive full therapeutic resources and those with 
therapeutic limitations where intensive support becomes 
less invasive due to the imminent end of life. 

The present study can aggregate scientific knowledge 
about this subgroup as a substantial portion of patients 
admitted to Brazilian ICU’s, because of the scarcity of 
studies analyzing cancer patients in critical condition. 

CONCLUSION
 
The diagnosis of solid tumors, the need of kidney 

support during the hospitalization to the ICU, the 
impossibility of extubation and maintenance of DP above 
15 cmH2O at least for one day were the variables associated 
with death of cancer patients diagnosed with COVID-19 
who evolved to respiratory failure and need of IMV. 

Thorough and patient-centered ventilatory monitoring 
of cancer patients in mechanic ventilation, particularly 
those with ARDS is an important non-pharmacological 
approach. Future studies about functional outcomes of 
these patients who needed mechanic ventilation can be 
relevant to evaluate the short and long-term impact on 
oncologic outcome.

ACKNOWLEDGMENT

To Dr. Fernando Luiz Benevides da Rocha Gutierrez for 
the collaboration to the study design, to Dr. Isabelle Small 
and to the team for the elaboration of the data collecting 
instrument at the REDCap platform and to Dr. Suzana 
Sales de Aguiar for the support to statistical analyzes. 

CONTRIBUTIONS 

Michelle de Melo Queres dos Santos contributed 
substantially to the study design, acquisition, analysis 
and/or interpretation of the data and wording of the 

manuscript. Everton Araújo Cavalcante, Isabel Cid 
Taboada, Ana Cristina Machado Leão and Kelly Fireman 
contributed to the acquisition of the data. Monica Pena 
Quintão contributed to the study design. Anke Bergmann 
and Laura Augusta Barufaldi contributed substantially to 
the study design, analysis and/or interpretation of the data, 
wording and/or critical review. All the authors approved 
the final version to be published.

DECLARATION OF CONFLICT OF INTERESTS

The author Anke Bergmann, the scientific-editor 
of INCA’s Revista Brasileira de Cancerologia declares 
potential conflict of interests. The other authors have no 
conflict of interests.

FUNDING SOURCES

None.

REFERENCES 

1. Soares M, Bozza FA, Azevedo LCP, et al. Effects of 
organizational characteristics on outcomes and resource 
use in patients with cancer admitted to intensive care 
units. J Clin Oncol. 2016;34(27):3315-24. doi: https://
doi.org/10.1200/JCO.2016.66.9549

2. Azoulay E, Schellongowski P, Darmon M, et al. The 
Intensive Care Medicine research agenda on critically 
ill oncology and hematology patients. Intensive Care 
Med. 2017;43(9):1366-82. doi: https://doi.org/10.1007/
s00134-017-4884-z.

3. Hourmant Y, Mailloux A, Valade S, et al. Impact of 
early ICU admission on outcome of critically ill and 
critically ill cancer patients: a systematic review and 
meta-analysis. J Crit Care. 2021;61:82-8. doi: https://
doi.org/10.1016/j.jcrc.2020.10.008

4. Shimabukuro-Vornhagen A. Intensive Care Unit 
Organization and Interdisciplinary Care for Critically Ill 
Patients with Cancer. Crit Care Clin. 2021;37(1):19-28. 
doi: https://doi.org/10.1016/j.ccc.2020.09.003

5. Hawari FI, Nazer LH, Addassi A, et al. Predictors of 
ICU admission in patients with cancer and the related 
characteristics and outcomes: a 5-year registry-based 
study. Crit Care Med. 2016;44(3):548-53. doi: https://
doi.org/10.1097/CCM.0000000000001429

6. Clementi N, Ghosh S, Santis M, et al. Viral respiratory 
pathogens and lung injury. Clin Microbiol Rev. 2021;34(3). 
doi: https://doi.org/10.1128/CMR.00103-20

7. Xu Z, Shi L, Wang Y, et al. Pathological findings of 
COVID-19 associated with acute respiratory distress 
syndrome. Lancet Respir Med. 2020;8(4):420-2. https://
doi.org/10.1016/S2213-2600(20)30076-X

https://doi.org/10.1016/j.jcrc.2020.10.008
https://doi.org/10.1016/j.jcrc.2020.10.008
https://doi.org/10.1097/CCM.0000000000001429
https://doi.org/10.1097/CCM.0000000000001429
https://doi.org/10.1128/CMR.00103-20
https://doi.org/10.1016/S2213-2600(20)30076-X
https://doi.org/10.1016/S2213-2600(20)30076-X


Queres MM, Cavalcante EA, Almeida ICT, Leão ACM, Firemam K, Quintão MP, Bergmann A, Barufaldi LA

10  Revista Brasileira de Cancerologia 2024; 70(1): e-044468

8. Bos LDJ, Ware LB. Acute respiratory distress 
syndrome: causes, pathophysiology, and phenotypes. 
Lancet. 2022;400(10358):1145-56. doi: https://doi.
org/10.1016/S0140-6736(22)01485-4

9. Belsky JA, Tullius BP, Lamb MG, et al. COVID-19 in 
immunocompromised patients: a systematic review of 
cancer, hematopoietic cell and solid organ transplant 
patients. J Infect. 2021;82(3):329-38. doi: https://doi.
org/10.1016/j.jinf.2021.01.022

10. Giannakoulis VG, Papoutsi E, Siempos II. Effect 
of cancer on clinical outcomes of patients with 
COVID-19: a meta-analysis of patient data. JCO Glob 
Oncol. 2020;6:799-808. doi: https://doi.org/10.1200/
GO.20.00225

11. Zarifkar P, Kamath A, Robinson C, et al. Clinical 
characteristics and outcomes in patients with COVID-19 
and cancer: a systematic review and meta-analysis. Clin 
Oncol (R Coll Radiol). 2021;33(3):e180-91. doi: https://
doi.org/10.1016/j.clon.2020.11.006

12. Grasselli G, Calfee CS, Camporota L, et al. ESICM 
guidelines on acute respiratory distress syndrome: 
definition, phenotyping and respiratory support 
strategies. Intensive Care Med. 2023;49(7):727-59. doi: 
https://doi.org/10.1007/s00134-023-07050-7

13. Gattinoni L, Chiumello D, Caironi P, et al. COVID-19 
pneumonia: different respiratory treatments for different 
phenotypes? Intensive Care Med. 2020;46(6):1099-1102. 
doi: https://doi.org/10.1007/s00134-020-06033-2

14. Conselho Nacional de Saúde (BR). Resolução n° 466, 
de 12 de dezembro de 2012. Aprova as diretrizes e 
normas regulamentadoras de pesquisas envolvendo seres 
humanos. Diário Oficial da União, Brasília, DF. 2013 
jun 13; Seção I:59.

15. REDCap [Internet]. Versão 13.5.1. Nashville: Vanderbilt 
University; 2024. [acesso 2024 jun 9]. Disponível em: 
https://redcap.vanderbilt.edu/ 

16. SPSS®: Statistical Package for Social Science (SPSS) 
[Internet]. Versão 24.0. [Nova York]. International 
Business Machines Corporation. [acesso 2023 mar 9]. 
Disponível em: https://www.ibm.com/br-pt/spss?utm_co
ntent=SRCWW&p1=Search&p4=4370007751578549
2&p5=p&gclid=CjwKCAjwgZCoBhBnEiwAz35Rwiltb
7s14pOSLocnooMOQh9qAL59IHVc9WP4ixhNTVM
jenRp3-aEgxoCubsQAvD_BwE&gclsrc=aw.ds

17. Hosseini-Moghaddam SM, Shepherd FA, Swayze S, et 
al. SARS-CoV-2 infection, hospitalization, and mortality 
in adults with and without cancer. JAMA Netw Open. 
2023;6(8):e2331617. doi: https://doi.org/10.1001/
jamanetworkopen.2023.31617

18. Zylberman M, Díaz-Couselo FA, Irrazabal C, et al. 
Clinical outcomes in cancer patients hospitalized with 
COVID-19. Medicina (B Aires). 2021;81(5):695-702.

19. Chang R, Elhusseiny KM, Yeh Y-C, et al. COVID-19 
ICU and mechanical ventilation patients characteristics 

and outcomes- A systematic review and meta-analysis. 
PLoS ONE. 2021;16(2):e0246318. doi: https://doi.
org/10.1371/journal.pone.0246318

20. Gupta S, Hayek SS, Wang W, et al. Factors associated with 
death in critically ill patients with coronavirus disease 2019 
in the US. JAMA Intern Med. 2020;180(11):1436-47. 
doi: https://doi.org/10.1001/jamainternmed.2020.3596

21. Muraro AP, Oliveira LR, Andrade ACS, et al. Fatores 
associados ao óbito entre pacientes com câncer 
internados por COVID-19 em Mato Grosso, Brasil. 
Rev bras epidemiol. 2022;25(suppl1). doi: https://doi.
org/10.1590/1980-549720220020

22. Liu Y, Lu H, Wang W, et al. Clinical risk factors for 
mortality in patients with cancer and COVID-19: 
a systematic review and meta-analysis of recent 
observational studies. Expert Rev Anticancer Ther. 
2021;21(1):107-19. doi: https://doi.org/10.1080/1473
7140.2021.1837628

23. Lee LYW, Cazier JB, Starkey T, et al. COVID-19 
prevalence and mortality in patients with cancer and 
the effect of primary tumour subtype and patient 
demographics: a prospective cohort study. Lancet Oncol. 
2020;21(10):1309-16. doi: https://doi.org/10.1080/14
737140.2021.1837628

24. Benguerfi S, Dumas G, Soares M, et al. Etiologies and 
outcome of patients with solid tumors admitted to ICU 
with acute respiratory failure: A secondary analysis of 
the EFRAIM study. Respir Care. 2023;68(6):740-8. doi: 
https://doi.org/10.4187/respcare.10604

25. Secreto C, Chean D, Van de Louw A, et al. Characteristics 
and outcomes of patients with acute myeloid leukemia 
admitted to intensive care unit with acute respiratory 
failure: a post-hoc analysis of a prospective multicenter 
study. Ann Intensive Care. 2023;13(1):79. doi: https://
doi.org/10.1186/s13613-023-01172-3

26. Azoulay E, Lemiale V, Mourvillier B, et al. Management 
and outcomes of acute respiratory distress syndrome 
patients with and without comorbid conditions. 
Intensive Care Med. 2018;44(7):1050-60. doi: https://
doi.org/10.1007/s00134-018-5209-6

27. Li Bassi G, Suen JY, White N, et al. Assessment of 28-day 
in-hospital mortality in mechanically ventilated patients 
with coronavirus disease 2019: an international cohort 
study. Crit Care Explor. 2021;3(11):e0567. doi: https://
doi.org/10.1097/CCE.0000000000000567

28. Burns KEA, Rizvi L, Cook DJ, et al. Ventilator weaning 
and discontinuation practices for critically ill patients. 
JAMA. 2021;325(12):1173-84. doi: https://doi.
org/10.1001/jama.2021.2384

29. Wongtangman K, Santer P, Wachtendorf LJ, et 
al. Association of sedation, coma, and in-hospital 
mortality in mechanically ventilated patients with 
coronavirus disease 2019-related acute respiratory distress 
syndrome: a retrospective Cohort Study. Med Intensiva. 

https://doi.org/10.1016/S0140-6736(22)01485-4
https://doi.org/10.1016/S0140-6736(22)01485-4
https://doi.org/10.1016/j.jinf.2021.01.022
https://doi.org/10.1016/j.jinf.2021.01.022
https://doi.org/10.1200/GO.20.00225
https://doi.org/10.1200/GO.20.00225
https://doi.org/10.1016/j.clon.2020.11.006
https://doi.org/10.1016/j.clon.2020.11.006
https://doi.org/10.1007/s00134-023-07050-7
https://doi.org/10.1007/s00134-020-06033-2
https://redcap.vanderbilt.edu/
https://www.ibm.com/br-pt/spss?utm_content=SRCWW&p1=Search&p4=43700077515785492&p5=p&gclid=CjwKCAjwgZCoBhBnEiwAz35Rwiltb7s14pOSLocnooMOQh9qAL59IHVc9WP4ixhNTVMjenRp3-aEgxoCubsQAvD_BwE&gclsrc=aw.ds
https://www.ibm.com/br-pt/spss?utm_content=SRCWW&p1=Search&p4=43700077515785492&p5=p&gclid=CjwKCAjwgZCoBhBnEiwAz35Rwiltb7s14pOSLocnooMOQh9qAL59IHVc9WP4ixhNTVMjenRp3-aEgxoCubsQAvD_BwE&gclsrc=aw.ds
https://www.ibm.com/br-pt/spss?utm_content=SRCWW&p1=Search&p4=43700077515785492&p5=p&gclid=CjwKCAjwgZCoBhBnEiwAz35Rwiltb7s14pOSLocnooMOQh9qAL59IHVc9WP4ixhNTVMjenRp3-aEgxoCubsQAvD_BwE&gclsrc=aw.ds
https://www.ibm.com/br-pt/spss?utm_content=SRCWW&p1=Search&p4=43700077515785492&p5=p&gclid=CjwKCAjwgZCoBhBnEiwAz35Rwiltb7s14pOSLocnooMOQh9qAL59IHVc9WP4ixhNTVMjenRp3-aEgxoCubsQAvD_BwE&gclsrc=aw.ds
https://www.ibm.com/br-pt/spss?utm_content=SRCWW&p1=Search&p4=43700077515785492&p5=p&gclid=CjwKCAjwgZCoBhBnEiwAz35Rwiltb7s14pOSLocnooMOQh9qAL59IHVc9WP4ixhNTVMjenRp3-aEgxoCubsQAvD_BwE&gclsrc=aw.ds
https://doi.org/10.1001/jamanetworkopen.2023.31617
https://doi.org/10.1001/jamanetworkopen.2023.31617
https://doi.org/10.1371/journal.pone.0246318
https://doi.org/10.1371/journal.pone.0246318
https://doi.org/10.1001/jamainternmed.2020.3596
https://doi.org/10.1590/1980-549720220020
https://doi.org/10.1590/1980-549720220020
https://doi.org/10.1080/14737140.2021.1837628
https://doi.org/10.1080/14737140.2021.1837628
https://doi.org/10.1080/14737140.2021.1837628
https://doi.org/10.1080/14737140.2021.1837628
https://doi.org/10.4187/respcare.10604
https://doi.org/10.1186/s13613-023-01172-3
https://doi.org/10.1186/s13613-023-01172-3
https://doi.org/10.1007/s00134-018-5209-6
https://doi.org/10.1007/s00134-018-5209-6
https://doi.org/10.1097/CCE.0000000000000567
https://doi.org/10.1097/CCE.0000000000000567
https://doi.org/10.1001/jama.2021.2384
https://doi.org/10.1001/jama.2021.2384


Prognosis of Cancer Patients with COVID-19

Revista Brasileira de Cancerologia 2024; 70(1): e-044468 11

2021;49(9):1524-34. doi: https://doi.org/10.1097/
CCM.0000000000005053

30. Nolley EP, Sahetya SK, Hochberg CH, et al. Outcomes 
among mechanically ventilated patients with severe 
pneumonia and acute hypoxemic respiratory failure from 
SARS-CoV-2 and other etiologies. JAMA Netw Open. 
2023;6(1):e2250401. doi: https://doi.org/10.1001/
jamanetworkopen.2022.50401

31. Rostami M, Mansouritorghabeh H. D-dimer level in 
COVID-19 infection: a systematic review. Expert Rev 
Hematol. 2020;13(11):1265-75. doi: https://doi.org/1
0.1080/17474086.2020.1831383 

32. Gotta J, Gruenewald LD, Eichler K, et al. Unveiling 
the diagnostic enigma of D-dimer testing in cancer 
patients: current evidence and areas of application. Eur 
J Clin Invest. 2023;53(10):e14060. doi: https://doi.
org/10.1111/eci.14060 

33. Wainstein M, Spyrison N, Dai D, et al. Association 
of country income level with the characteristics and 
outcomes of critically ill patients hospitalized with 
acute kidney injury and COVID-19. Kidney Int Rep. 
2023;8(8):1514-30. doi: https://doi.org/10.1016/j.
ekir.2023.05.015

34. Zampieri FG, Palomba H, Bozza FA, et al. Acute kidney 
injury in hospitalized patients with COVID-19: a 
retrospective cohort. Crit Care Sci. 2023;35(2):236-8. 
doi: https://doi.org/10.5935/2965-2774.20230428-en

35. Druml W, Zajic P, Schellongowski P, et al. Association 
of acute kidney injury receiving kidney replacement 
therapy with prognosis of critically ill patients with and 
without cancer: A retrospective study. Crit Care Med. 
2021;49(11):1932-42. doi: https://doi.org/10.1097/
CCM.0000000000005102 

36. Darmon M, Bourmaud A, Georges Q, et al. Changes 
in critically ill cancer patients’ short-term outcome 
over the last decades: results of systematic review with 
meta-analysis on individual data. Intensive Care Med. 
2019;45(7):977-87. doi: https://doi.org/10.1007/
s00134-019-05653-7 

37. Oliveira JPA, Costa ACT, Lopes AJ, et al. Factors 
associated with mortality in mechanically ventilated 
patients with severe acute respiratory syndrome 
due to COVID-19 evolution. Crit  Care Sci . 
2023;35(1):19-30. doi: https://doi.org/10.5935/2965-
2774.20230203-en 

38. Demoule  A ,  Antone l l i  M,  Sche l longowsk i 
P, et al. Respiratory mechanics and outcomes in 
immunocompromised patients with ARDS: a secondary 

analysis of the EFRAIM study. Chest. 2020;158(5):1947-
57. doi: https://doi.org/10.1016/j.chest.2020.05.602 

39. Amato MBP, Meade MO, Slutsky AS, et al. Driving 
pressure and survival in the acute respiratory distress 
syndrome. N Engl J Med. 2015;372(8):747-55. doi: 
https://doi.org/10.1056/NEJMsa1410639 

40. Costa ELV, Slutsky AS, Brochard LJ, et al. Ventilatory 
variables and mechanical power in patients with acute 
respiratory distress syndrome. Am J Respir Crit Care 
Med. 2021;204(3):303-11. doi: https://doi.org/10.1164/
rccm.202009-3467OC 

41. Battaglini D, Iavarone IG, Robba C, et al. Mechanical 
ventilation in patients with acute respiratory distress 
syndrome: current status and future perspectives. Expert 
Rev Med Devices. 2023;20(11):905-17. doi: https://doi.
org/10.1080/17434440.2023.2255521 

42. Rodrigues de Moraes L, Robba C, Battaglini D, et al. New 
and personalized ventilatory strategies in patients with 
COVID-19. Front Med (Lausanne). 2023;10:1194773. 
doi: https://doi.org/10.3389/fmed.2023.1194773 

43. Atallah FC, Caruso P, Nassar AP, et al. High-value care 
for critically ill oncohematological patients: what do we 
know thus far? Crit Care Sci. 2023;35(1):84-96. doi: 
https://doi.org/10.5935/2965-2774.20230405-en 

44. Reddy DRS, Botz GH. Triage and prognostication 
of cancer patients admitted to the intensive care unit. 
Crit Care Clin. 2021;37(1):1-18. doi: https://doi.
org/10.1016/j.ccc.2020.08.001 

Recebido em 25/11/2023
Aprovado em 29/1/2024

Executive-Editor: Letícia Casado. Orcid iD: https://orcid.org/0000-0001-5962-8765

https://doi.org/10.1097/CCM.0000000000005053
https://doi.org/10.1097/CCM.0000000000005053
https://doi.org/10.1001/jamanetworkopen.2022.50401
https://doi.org/10.1001/jamanetworkopen.2022.50401
https://doi.org/10.1080/17474086.2020.1831383
https://doi.org/10.1080/17474086.2020.1831383
https://doi.org/10.1111/eci.14060
https://doi.org/10.1111/eci.14060
https://doi.org/10.1016/j.ekir.2023.05.015
https://doi.org/10.1016/j.ekir.2023.05.015
https://doi.org/10.5935/2965-2774.20230428-en
https://doi.org/10.1097/CCM.0000000000005102
https://doi.org/10.1097/CCM.0000000000005102
https://doi.org/10.1007/s00134-019-05653-7
https://doi.org/10.1007/s00134-019-05653-7
https://doi.org/10.5935/2965-2774.20230203-en
https://doi.org/10.5935/2965-2774.20230203-en
https://doi.org/10.1016/j.chest.2020.05.602
https://doi.org/10.1056/NEJMsa1410639
https://doi.org/10.1164/rccm.202009-3467OC
https://doi.org/10.1164/rccm.202009-3467OC
https://doi.org/10.1080/17434440.2023.2255521
https://doi.org/10.1080/17434440.2023.2255521
https://doi.org/10.3389/fmed.2023.1194773
https://doi.org/10.5935/2965-2774.20230405-en
https://doi.org/10.1016/j.ccc.2020.08.001
https://doi.org/10.1016/j.ccc.2020.08.001

	_GoBack
	_Hlk152688067
	_Hlk153870190
	_Hlk156810802
	_GoBack
	_Hlk138262752
	_GoBack
	_4d34og8
	_2s8eyo1
	_GoBack
	_heading=h.q58kubyg7guw
	_heading=h.gjdgxs
	_heading=h.eexth5qvgcd1
	_heading=h.sc4qfv2aiocb

