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It is unknown if patients with cancer and acute respiratory failure due to COVID-19 have different clinical or cancer-related characteristics, decisions to forgo life-sustaining therapies (LST), and mortality compared to patients with cancer and acute respiratory failure due to other causes. In a cohort study, we tested the hypothesis that COVID-19 was associated with increased in-hospital mortality and decreased decisions to forgo LST in patients with cancer and acute respiratory failure. We employed two multivariate logistic regression models. Propensity score matching was employed as sensitivity analysis. We compared 382 patients without COVID-19 with 65 with COVID-19. Patients with COVID-19 had better performance status, less metastatic tumors, and progressive cancer. In-hospital mortality of patients with COVID-19 was lower compared with patients without COVID-19 (46.2 vs. 74.6%; p < 0.01). However, the cause of acute respiratory failure (COVID-19 or other causes) was not associated with increased in-hospital mortality [adjusted odds ratio (OR) 1.27 (0.55–2.93; 95% confidence interval, CI)] in the adjusted model. The percentage of patients with a decision to forgo LST was lower in patients with COVID-19 (15.4 vs. 36.1%; p = 0.01). However, COVID-19 was not associated with decisions to forgo LST [adjusted OR 1.21 (0.44–3.28; 95% CI)] in the adjusted model. The sensitivity analysis confirmed the primary analysis. In conclusion, COVID-19 was not associated with increased in-hospital mortality or decreased decisions to forgo LST in patients with cancer and acute respiratory failure. These patients had better performance status, less progressive cancer, less metastatic tumors, and less organ dysfunctions upon intensive care unit (ICU) admission than patients with acute respiratory failure due to other causes.
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INTRODUCTION

Intensive care unit (ICU) admissions, acute respiratory failure (ARF), and poor outcomes are more common in patients with COVID-19 and cancer than in patients with COVID-19 without cancer (1, 2). Furthermore, patients with cancer are also susceptible to ARF due to other causes (3). It is unknown if patients with cancer and ARF due to COVID-19 (COVID-19 ARF) have different clinical characteristics, cancer-related characteristics, and in-hospital mortality compared to patients with cancer and ARF due to other causes (non-COVID-19 ARF).

Severe COVID-19 in patients with cancer could increase decisions to forgo life-sustaining therapies (LST) because COVID-19 is perceived as a high-mortality disease. By contrast, COVID-19 acute presentation and the worldwide commotion to save patients with COVID-19 might decrease the decision to forgo LST. COVID-19 impact on the decision to forgo LST is unknown in patients with cancer.

We tested the hypothesis that COVID-19 was associated with increased in-hospital mortality and decreased decisions to forgo LST in patients with cancer and ARF. We also compared clinical and cancer-related characteristics between cancer patients with COVID-19 ARF and non-COVID-19 ARF.



METHODS


Study Design and Patients

We designed a cohort study using data collected from a cancer center with 490 beds (AC Camargo Cancer Center, São Paulo, Brazil), with 50 being ICU beds. The sample size calculation demanded, at least, 65 patients with and 195 without COVID-19 ARF (1:3 ratio) (see Supplementary Material).

The study compared a prospective cohort of patients with cancer and COVID-19 ARF with a historical control group of patients with cancer and non-COVID-19 ARF. In both groups, we included all adult patients with solid tumors or hematologic malignancies and unplanned ICU admission due to ARF, and we excluded patients with cancer remission >5 years, decision to forgo LST prior to ICU, and admissions for post-operative care. Patients with COVID-19 were included during the pandemic (March until August 2020), while patients without COVID-19 were included before the pandemic (March until August, in the years 2012 until 2017, respectively). If a patient had multiple ICU admissions, only the first was considered.

Data were collected and maintained in a structured electronic spreadsheet designated to the present study. In the hospital, COVID-19 was confirmed by a positive SARS-CoV-2 RT-PCR in a patient with compatible symptoms or image of COVID-19.

According to Brazilian regulations, the forgoing of LST requires a consensual decision of the patient (or a next of kin) and the attending team. In our ICU, the forgoing of life-sustaining therapies requires a consensual decision of intensivists, oncologists, and patients (or a next of kin).

The local ethics committee approved this study (2521/18L) and waived the need for informed consent.



Data Collection

Upon ICU admission, patient's demographic characteristics, Simplified Acute Physiology Score (SAPS 3) (4); Eastern Cooperative Oncology Group (ECOG) performance status (5); the Sequential Organ Failure Assessment Score (SOFA) and the respiratory parameters of the SOFA score (respiratory SOFA) (6); Charlson Comorbidity Index (7); specific comorbidities [arterial hypertension, diabetes, chronic pulmonary disease (chronic obstructive pulmonary disease or chronic restrictive pulmonary disease), heart diseases (chronic arrhythmia needing treatment or systolic or diastolic heart failure), overweight or obesity (body mass index > 25 kg/m2)]; type of cancer (non-metastatic solid tumor, metastatic solid tumor, or hematologic malignancies); recent systemic cancer treatment (chemotherapy or immunotherapy in the last month); site of the solid tumors; and response to cancer treatment (newly diagnosed without treatment, partial or complete response, or progressive cancer despite treatment) were recorded.

During the ICU stay, the use of invasive mechanical ventilation (>24 h), the use of non-invasive mechanical ventilation, the use of vasopressors (defined as any use of noradrenaline, dobutamine, vasopressin, or adrenaline), the need of hemodialysis, and any decision to forgo life-sustaining therapies (withholding or withdrawing of treatment) were recorded. According to Brazilian regulations, the forgoing of life-sustaining therapies requires a consensual decision of the patient (or a next of kin) and the attending team. In our hospital, the forgoing of life-sustaining therapies requires a consensual decision of intensivists and oncologists.

Finally, the in-hospital mortality was recorded.



Statistical Analysis

Categorical and continuous data were presented as percentages and median [25–75% interquartile range (IQR)] values, respectively. Categorical variables were compared using the chi-square test or Fisher's exact-test, as appropriate. Continuous variables were compared with the Mann–Whitney-test.

To test the hypothesis that COVID-19 was associated with increased in-hospital mortality and decreased decisions to forgo LST in patients with cancer and ARF, we employed two multivariate logistic regression models. We used a directed acyclic graph to identify confounders (8), and the following confounders were included in the both models: age, sex, type of cancer, response to cancer treatment, ECOG, Charlson Comorbidity Index, and the ARF cause (COVID-19 or non-COVID-19) (Supplementary Figures 1, 2).

As a sensitivity analysis, we employed propensity score matching, with balance checking (absolute standardized mean difference), to match COVID-19 ARF to non-COVID-19 ARF patients (9).

We depicted (Kaplan–Meier) and compared (log-rank-test) the 28-day mortality curves of patients with COVID-19 ARF and non-COVID-19 ARF.

Statistical analyses were performed by SPSS software (Version 23.0. Armonk, NY: IBM Corp). P-values ≤ 0.05 were considered significant. We followed the recommendations of the STROBE statement that guides the report of observational studies (10).




RESULTS

During the pre-pandemic period, we included all 382 patients with non-COVID-19 ARF. During the pandemic, 107 patients with confirmed COVID-19 diagnosis were admitted to the ICU and 65 patients were included. Forty patients were excluded because they were admitted to post-operative care, 19 patients had cancer remission >5 years, and three patients had readmissions.


Clinical and Cancer-Related Characteristics

Patients with COVID-19 ARF had better performance status, less metastatic tumors, and progressive cancer. They had lower Charlson Comorbidity Index but more overweight/obesity. Upon ICU admission, patients with COVID-19 ARF had less severe acute organ dysfunctions. However, during ICU stay, they needed more life-sustaining therapies and had longer ICU and hospital lengths of stay than patients with non-COVID-19 ARF (Table 1). Among the hospital survivors, the hospital length of stay of the patients with COVID-19 [24 days (16–42)] was higher than the patients without COVID-19 [12 days (7–19)] (p < 0.01).


Table 1. Characteristics of patients with cancer and acute respiratory failure due to COVID-19 and non-COVID-19 causes.
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In-Hospital Mortality

In-hospital mortality of patients with COVID-19 ARF was lower compared with patients with non-COVID-19 ARF (46.2 vs. 74.6%; p < 0.01) [unadjusted odds ratio 0.29 (0.17–0.50; 95% confidence interval, CI)] (Table 1 and Supplementary Figure 3). However, adjusting for age, sex, type of cancer, response to cancer treatment, ECOG, Charlson Comorbidity Index, and the ARF cause (COVID-19 or non-COVID-19), COVID-19 as the cause of ARF was not associated with increased in-hospital mortality [adjusted odds ratio 1.27 (0.55–2.93; 95% CI)] (Table 2).


Table 2. Multivariate analysis for in-hospital mortality and decisions to forgo life-sustaining therapies of critically ill patients with cancer admitted to ICU with acute respiratory failure.
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Decision to Forgo Life-Sustaining Therapies

The percentage of patients with a decision to forgo LST was lower in patients with COVID-19 ARF than in patients with non-COVID-19 ARF (15.4 vs. 36.1%; p = 0.01) [unadjusted odds ratio 0.32 (0.16–0.65; 95% CI)] (Table 1). However, adjusting for age, sex, type of cancer, response to cancer treatment, ECOG, Charlson Comorbidity Index, and the ARF cause (COVID-19 or non-COVID-19), COVID-19 as the cause of ARF was not associated with decisions to forgo LST [adjusted odds ratio 1.21 (0.44–3.28; 95% CI)] (Table 2).



Sensitivity Analyses

As the primary analyses, sensitivity analysis also showed that COVID-19 was neither associated with in-hospital mortality nor with decision to forgo LST (Table 3).


Table 3. Comparison of patients with cancer and COVID-19 acute respiratory failure with matched patients with non-COVID-19 acute respiratory failure.
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DISCUSSION

Patients with cancer and COVID-19 ARF had different cancer-related and clinical characteristics from their non-COVID-19 counterparts, such as better performance status and less progressive cancer. These differences probably occurred because patients with poor performance status and progressive cancer had low mobility and were less exposed to COVID-19. Additionally, patients with a high probability of survival might be preferentially admitted to the ICU, as part of the effort to improve ICU resource allocation during the pandemic.

Upon ICU admission, patients with COVID-19 ARF had less severe organ dysfunctions than patients with non-COVID-19 ARF; however, during ICU stay, they needed more invasive mechanical ventilation, vasopressors, and hemodialysis. These results probably occurred because at presentation, severe COVID-19 is predominantly a respiratory disease; however, its typically long course led to progressive clinical deterioration and increased use of life-sustaining therapies (11, 12). Confirming the long COVID-19 course, in our study, patients with COVID-19 ARF had a significantly longer ICU and hospital lengths of stay than patients with non-COVID-19 ARF.

The observed clinical and cancer-related differences explain the lower mortality found in patients with cancer and COVID-19 ARF because the severity of organ dysfunctions upon ICU admission (13, 14), poor performance status (13, 14), progressive cancer (14), hematologic malignancies, and metastatic tumors (15) are associated with in-hospital mortality of critically ill patients with cancer.

Patients with COVID-19 required more hemodialysis, probably due to a direct impact of COVID-19 on the kidney, because the standard of care was similar between groups. Patients without COVID-19 presented a higher percentage of lung cancer than patients with COVID-19, probably reflecting a direct thoracic cancer involvement as a cause of ARF in patients without COVID-19.

It has been shown that poor performance status and progressive cancer are associated with more decisions to forgo LST (16), while hematological malignancies was associated with less decisions to forgo LST (17). In the present study, patients with COVID-19 ARF had better performance status, less progressive cancer, and more hematological malignancies compared to non-COVID-19 patients. These differences probably determined the lower percentage of decisions to forgo LST in patients with COVID-19 ARF.

The present study has limitations. It was conducted at a single dedicated cancer center and physicians must carefully evaluate the results of single-center trials within the context of their clinical experience and the preferences of their patients to determine how best to translate research to the bedside (18). The causes of ARF in non-COVID-19 patients were unknown for several patients, and some causes probably were non-infectious, such as cancer spread and idiopathic alveolar hemorrhage. However, only 5 to 20% of ARF causes are non-infectious (19–21), around 10% of patients have more than one cause (19), and even with the best efforts ~20% of causes are impossible to be established in patients with cancer (20, 21). We did an extensive characterization of lung injury and clinical status upon ICU admission, but some relevant variables were not recorded, such as previous thoracic radiation therapy, presence of pulmonary and pleural metastasis to characterize lung injury, and absolute neutrophil count and hemoglobin level to characterize the patient upon ICU admission. Finally, patients with non-COVID-19 ARF were included during a 6-year period (2012 until 2017) while patients with COVID-19 were included in 2020, and improvements in overall ICU care along this period (22) should be considered in interpreting the results.

In conclusion, COVID-19 was not associated with increased in-hospital mortality or decreased decisions to forgo life-sustaining therapies in patients with cancer and acute respiratory failure. Patients with cancer and COVID-19 acute respiratory failure had better performance status, less progressive cancer, less metastatic tumors, and less organ dysfunctions upon ICU admission than patients with non-COVID-19 acute respiratory failure.
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Hemodialysis 32(8.4) 18(27.7) <001
ICU length of stay 4(-7) 9(3-18) <001
ICU mortality 196 (51.3) 27 (41.5) 0.17
Decision to forgo LST 138 (36.1) 10(15.4) 0.01
Hospital length of stay 7(3-14) 22 (13-35) <001
In-hospital mortality 285 (74.6) 30(46.2) <001

1CU, intensive care unit; SAPS 3, Simplified Acute Physiology Score; SOFA, Sequential Organ Faiure Assessment Score; Respiratory SOFA, the value of respiratory parameter of the SOFA
score; BMI, body mass index; ECOG, Eastern Cooperative Oncology Group; LST, lfe-sustaining therapies; MV, mechanical ventiation; Invasive MY, invasive mechanical ventietion for
more than 24 h. Chronic pulmonary disease is chroni obstructive pulmonary disease or chronic restrictive pulmonary disease; heart diseases are chronic arrhythmia needing treatment
and systolic or diastolic heart faiure; vasopressors are defined as any use of noradrenaline, vasopressin or acrenline. Categorical and continuous data are presented as absolute counts
(percentages) and medlan (25-75% interquartie range), respectively. Categorical variables were compared using the chi-square test or Fisher's exact-test, as appropriate. Continuous
variables were compared with the Mann-Whitney-test.
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ECOG performance status
0-1

2-4

Cancer type

Non-metastatic solid tumor
Metastatic solid tumor
Hematological malignancies
Response to cancer treatment
Newly diagnosed

Gomplete or partial response
Progressive disease
COVID-19 as cause of ARF

Survivors
(n=315)

64 (56-73)
176 (65.8)
7(6-9)

44 (14.0)
271 86.0)

53(16.8)
218 (69.2)
44 (14.0)

15 (11.4)
79(59.8)
38(288)
30(@5)

Non-survivors
(n=132)

64 (55-79)
60 (45.5)
6(4-9

105 (79.5)
27 (20.5)

64(48.5)
46(34.8)
22(16.7)

3108
98(31.1)
186 (59.0)
35 (26.5)

“Adjusted OR

1.97 (0.99-3.62)
0.97 (0.94-1.00)
0.87 (0.71-1.07)

REF
47.48 (22.17-101.69)

REF
7.37 (2.69-20.17)
350 (1.49-8.69)

REF
0.87 (0.34-2.23)
256 (0.95-6.92)
1.27 (0.65-2.93)

Forgo LST
(n=148)

64 (56-79)
79(63.4)
7(6-9

19(12.8)
129 (87.2)

22(14.9)
117 79.9)
96.1)

107
8(5.4)
139(93.9)
10(6.8)

Not forgo LST
(n=299)

64 (56-72)
157 (52.5)
6(4-8)

180 (43.5)
169 (56.5)

95 (31.8)
147 (49.2)
57 (19.1)

45 (15.1)
169 (56.5)
85 (28.4)
55 (18.4)

*Adjusted OR

1.01(0.98-1.04)
086 (0.50-1.49)
0.96 (0.78-1.18)

REF
5.08 (2.57-10.07)

REF
2.19(0.83-6.78)
0.64(0.22-1.87)

REF
235 (0.28-19.67)
73,63 (0.75-555.77)
1.21(0.44-3.28)

ARF, acute respiratory failure; SOFA, Sequential Organ Faiure Assessment Score; ECOG, Easterm Gooperative Oncology Group; ICU, intensive care unit; LT, lfe-sustaining therapies;
OR, odds raio. Categorical and continuous deta are presented as frequencies (percentages) and median (25-75% interquartile range), respectively.
*The confounders included in the model (age, mele, Charison, ECOG, cancer type, and response to cancer treatment) serve exclusively to control for confounding. The observed
associations between these confounders and the outcome (in-hospital mortality or decision to forgo lfe-sustaining therapies) heve not been subject to the same control of confounding
as the exposure (COVID-19). Therefore, residual confounding and other biases often heavily influence these associations.
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