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ARTICLE INFO ABSTRACT
Keywords: Introduction: Patients with cancer may be at increased risk of more severe COVID-19 disease; however, prognostic
COVID-19 factors are not yet clearly identified. The GRAVID study aimed to describe clinical characteristics, outcomes, and

Lung cancer predictors of poor outcome in patients with lung cancer and COVID-19.

T::S:;zr thera Methods: Prospective observational study that included medical records of patients with lung cancer and PCR-
Prognosis Py confirmed COVID-19 diagnosis across 65 Spanish hospitals. The primary endpoint was all-cause mortality;

secondary endpoints were hospitalization and admission to intensive care units (ICU).

Results: A total of 447 patients with a mean age of 67.1 + 9.8 years were analysed. The majority were men (74.3
%) and current/former smokers (85.7 %). NSCLC was the most frequent type of cancer (84.5 %), mainly as
adenocarcinoma (51.0 %), and stage IIl metastatic or unresectable disease (79.2 %). Nearly 60 % of patients were
receiving anticancer treatment, mostly first-line chemotherapy. Overall, 350 (78.3 %) patients were hospitalized
for a mean of 13.4 + 11.4 days, 9 (2.0 %) were admitted to ICU and 146 (32.7 %) died. Advanced disease and the
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use of corticosteroids to treat COVID-19 during hospitalization were predictors of mortality. Hospitalized, non-
end-of-life stage patients with lymphocytopenia and high LDH had an increased risk of death. Severity of COVID-
19 correlated to higher mortality, ICU admission, and mechanical ventilation rates.

Conclusions: Mortality rate was higher among patients treated with corticosteroids during hospitalization, while
anticancer therapy was not associated with an increased risk of hospitalization or death. Tailored approaches are
warranted to ensure effective cancer management while minimizing the risk of exposure to SARS-CoV-2.

1. Introduction

The coronavirus disease 2019 (COVID-19) pandemic caused by se-
vere acute respiratory syndrome coronavirus 2 (SARS-CoV-2) has led to
a major health emergency worldwide. Significant morbidity and mor-
tality rates have been reported across countries since February 2020,
with more than 79.5 million confirmed COVID-19 cases and 1.7 million
deaths worldwide at the time of writing. Spain has been strongly hit by
the pandemic, resulting in the saturation of the national healthcare
system. To date, the number of reported cases in Spain exceeds 1.8
million, of which 208 626 cases required hospitalization, 18 004 were
admitted to intensive care units (ICU), and 50 122 died [1].

Patients with lung cancer may be more susceptible to infection by
SARS-CoV-2 than non-cancer patients due to the systemic immunosup-
pression caused either by the tumour itself or the anticancer treatments.
[2] Several studies have attempted to identify prognostic factors that
could help in risk stratification and clinical management [3-7]. Smoking
has proven to be a risk factor for progression of COVID-19 in the general
population [8], while advanced age and prior heart disease are factors
for poor prognosis. [9] Nonetheless, the risk of complications in patients
with cancer seems to vary depending on the type of tumour, with an
increased risk of death in patients with lung cancer and haematological
malignancies [4,6,10].

Whether to start, continue or withhold systemic anticancer treat-
ments has challenged physicians who manage patients with cancer and
COVID-19. Early reports from China suggested that the administration
of chemotherapy was associated with a more severe COVID-19 course.
[11] Besides, immunotherapy has been associated with worse outcomes
[7]. Recent evidence in larger cohorts suggests that systemic anticancer
therapies do not increase the incidence of severe events or the risk of
death in patients with lung cancer [4,12]. Numerous expert-based rec-
ommendations are being published to guide healthcare professionals in
cancer care [13-17]. Furthermore, the growing number of prospective
studies [3-5,18] and meta-analyses [19,20] will assist in the charac-
terization of susceptible patients according to their cancer features, to
eventually minimize COVID-19 burden among this population.

In this context, the LunG canceR pAtients coVid19 Disease (GRAVID)
study aimed to describe the clinical characteristics and outcomes of
patients with lung cancer who were affected by COVID-19 in Spain,
addressing mortality, hospitalization and ICU admission rates, along
with potential predictors for poor prognosis.

2. Methods
2.1. Study design and participants

This prospective study included medical history data from patients
with cancer who developed COVID-19 and were registered at 65 Spanish
hospitals since April 24th, 2020 Data cut-off for this report was July 3rd,
2020.

Individual data of patients with lung cancer were prospectively
collected following a confirmed COVID-19 diagnosis by PCR. Inclusion
was limited only by the identification of cases and their electronic
medical records. Patient demographics and clinical characteristics,
including cancer diagnosis and treatments, were collected.
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2.2. Ethical approval

The study was registered in the ClinicalTrials.gov database
(NCT04344002). This registry meets all the requirements for exemption
of consent according to the "International Ethical Guidelines for Health-
related Research Involving Humans" (CIOMS-OMS 2016). The process-
ing of patients’ personal and health data without consent for use is
covered by Article 9.2(h) and (j) of Regulation (EU) 2016/679, and
complied with the criteria set out in Data Protection Act 3/2018, spe-
cifically paragraph 2(b), (d), (e), (f), and (g) of DA 17.

2.3. Outcomes

The primary outcome was to assess all-cause mortality. Variables for
analysis included: sex, age, comorbidities, type of tumour, histology,
end-of-life stage, disease status, mutations, stage at diagnosis of tumour,
stage at diagnosis of COVID-19 infection, anticancer treatments, treat-
ment line, pharmacological treatments, and clinical laboratory param-
eters. Secondary endpoints were hospitalization, admission to intensive
care units (ICU), and duration of hospitalization.

COVID-19 disease was categorized as severe in patients who met at
least one of the following criteria: hypoxemia (oxygen saturation < 93
%), tachypnoea (respiratory rate > 30 breaths per minute), and/or
respiratory failure (oxygen in arterial blood [PaO2]/fraction of oxygen
in inspired air [FiO2] ratio < 300).

2.4. Statistical analysis

A descriptive analysis of study variables was performed. Quantitative
variables are presented as mean, standard deviation (SD), median, and
interquartile range (IQR). Qualitative variables are described as fre-
quencies and percentages.

Univariate logistic models were used to assess the association be-
tween demographic and clinical characteristics and outcomes. Multi-
variate logistic regression was used to estimate odd ratios and 95 %
confidence intervals (CI) for each factor. Variables for the multivariate
analysis were selected considering factors known to be associated with
COVID-19 outcomes in the general population. Goodness of fit was
verified using the Hosmer-Lemeshow test. The R Foundation for Statis-
tical Computing version 3.6.1 (Vienna, Austria) was used for data pro-
cessing and visualisation.

3. Results
3.1. Patient characteristics

In total, 447 patients with lung cancer and COVID-19 diagnosis were
included for analysis. Baseline demographics and clinical characteristics
are shown in Table 1 and Supplementary Table 1. With a mean (SD) age
of 67.1 (9.8) years, most patients were men (74.3 %), older than 60 years
of age (78.3 %), and current (24.8 %) or former (60.9 %) smokers. Non-
small cell lung cancer (NSCLC) was the most frequent type of cancer
(84.5 %) and 51 % of patients had adenocarcinoma. Most patients were
diagnosed with stage III metastatic or unresectable disease (79.2 %).
Nearly half of the population presented stage IV malignancy at COVID-
19 diagnosis. More than 82 % of patients presented comorbidities and up
to 51 % had more than three comorbidities, being hypertension (46.3
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Table 1
Patient demographics and clinical characteristics.

N (%)
Sex
Men 332 (74.3)
Women 115 (25.7)
Smoking status
Smoker 111 (24.8)
Former smoker (> 1 year) 272 (60.9)
Non-smoker 58 (13.0)
Unknown 6 (1.3)
Type of tumor
NSCLC 377 (84.5)
SCLC 62 (13.9)
Other 7 (1.6)
Histology
Adenocarcinoma 228 (51.0)
Adenosquamous 1(0.2)
Squamous 116 (26.0)
NOS/undifferentiated 20 (4.5)
Unknown 73 (16.3)
Other 9(2.0)
End-of-life stage 50 (11.2)
Disease status
Stage III metastatic or unresectable 354 (79.2)
Localized, resectable 28 (6.3)
No evidence of the disease (on follow-up) 60 (13.4)
Unknown 5(1.1)
Stage at diagnosis of COVID-19
I 45 (10.1)
11 40 (9.0)
111 144 (32.2)
v 216 (48.3)
Unknown 2(0.5)
Number of comorbidities
0 78 (17.5)
1 1(0.2)
2 62 (13.9)
3 78 (17.5)
>3 228 (51.0)
Comorbidities® 369 (82.6)
Hypertension 207 (46.3)
COPD 137 (30.6)
Cardiovascular disease 114 (25.5)
Diabetes mellitus 102 (22.8)
Other chronic diseases 45 (10.1)

@ Only the most frequent comorbidities are shown.
COPD, chronic obstructive pulmonary disease; NOS, not otherwise specified;
NSCLC, non-small cell lung cancer; SCLC, small cell lung cancer.

%), chronic obstructive pulmonary disease (COPD) (30.6 %), cardio-
vascular disease (25.5 %), and diabetes mellitus (22.8 %) the most
common.

Up to 59.5 % (n = 266) of the population was receiving treatment
with anticancer systemic therapy, mainly chemotherapy (40.9 %) and
immunotherapy (20.4 %), as early stage (15.9 %) or first-line (1 L)
treatment (38.5 %) (Table 2). Patients were also receiving chronic
treatment with nonsteroidal anti-inflammatory drugs (NSAIDs) (18.1
%), corticosteroids (17.5 %), angiotensin converting enzyme (ACE) in-
hibitors (16.6 %), and/or angiotensin II receptor antagonists (ARA-II)
(10.5 %); nearly 70 % of patients were treated with > four types of
medication. Antibiotics (73.4 %), hydroxychloroquine (65.8 %), oxygen
(60.2 %), and anticoagulants (48.5 %) were additional treatments
commonly administered before hospitalization. Clinical laboratory pa-
rameters are shown in Supplementary Table 2.

3.2. Hospitalization

Three-hundred and fifty (78.3 %) patients were hospitalized, with a
mean (SD) length of stay of 13.4 (11.4) days (range: 0-90 days). The
univariate analysis revealed a significant association between hospital-
ization and certain variables including clinical laboratory parameters,
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Table 2
Anticancer and additional treatments.

N (%)
Anticancer treatment 266 (59.1)
Chemotherapy
Yes 183 (40.9)
No 83 (18.6)
Unknown 181 (40.5)
Radiotherapy
Yes 41 (9.2)
No 406 (90.8)
Immunotherapy
Yes 91 (20.4)
No 356 (79.6)
Treatment line
Early stage 71 (15.9)
1L 172 (38.5)
2L 64 (14.3)
3L 25 (5.6)
4L 6(1.3)
Other 9(2)
Unknown 100 (22.4)
Concomitant medication
Polypharmacy (>4) 309 (69.1)
NSAID 81 (18.1)
Corticosteroids 78 (17.5)
ACE inhibitors 74 (16.6)
ARA-II 47 (10.5)
Immunosuppressors 1(0.2)
Additional treatments
Antibiotics (n = 430) 328 (73.4)
Hydroxychloroquine (n = 423) 294 (65.8)
Oxygen (n = 426) 269 (60.2)
Anticoagulant (n = 428) 217 (48.5)
Corticosteroids (n = 426) 180 (40.3)
Antivirals (n = 425) 170 (38)
Antibodies (n = 415) 33(7.4)
Ventilation (n = 396) 14 (3.1)
Antifungals (n = 426) 13 (2.9)
G-CSF (n = 420) 12 (2.7)
Vasoconstrictive (n = 418) 9(2)
Other (n = 403) 133 (29.8)

ACE, angiotensin converting enzyme; ARA-II, angiotensin II receptor
antagonist; G-CSF, Granulocyte colony-stimulating factor; L, line;
NSAID, nonsteroidal anti-inflammatory drugs.

infection by human immunodeficiency virus (HIV), and the adminis-
tration of some treatments (Table 3, Supplementary Table 3). The
multivariate analysis revealed no further statistical correlation with any
of them (Table 4). Similarly, although the duration of hospitalization
was initially associated with some clinical laboratory parameters (AST
and ALT levels), the concomitant administration of ACE inhibitors, and
infection by HIV (Supplementary Table 4), none of these variables sta-
tistically correlated with the duration of hospitalization in a multivariate
analysis (data not shown). Moreover, our results show that disease status
was not a predictor of hospitalization or a hospital longer stay in this
population. While the likelihood of hospitalization was higher among
patients with stage III metastatic/unresectable disease (79.7 %)
compared to those with either no evidence of the disease or localized/
resectable disease (20.2 %), similar rates were observed in non-
hospitalized patients (80.4 % vs 19.6 %; p = 0.992). Overall, 67 pa-
tients with localized disease and 264 patients with metastatic disease
were hospitalized for 13.5 (11.0) days and 13.3 (11.3) days, respectively
(p = 0.886).

3.3. ICU admission

Nine of the 447 (2.0 %) patients were admitted to the ICU for a mean
(SD) duration of 11.5 (16.3) days (range: 1-50 days). ICU admission was
associated with independent variables including the type of cancer (p =
0.036), administration of anticancer treatments (p = 0.049), clinical
laboratory parameters (haemoglobin, p = 0.030; prothrombin, p =



M. Provencio et al.

Lung Cancer 157 (2021) 109-115

Table 3
Characteristics of patients according to hospitalization.
Non-hospitalized Hospitalized P
patients (n = 97) patients (n = 350) value
Age, mean + SD 65.5 £ 9.4 67.5 £ 9.8 0.075
Smoking history, n (%) (n 78 (20.4) 305 (79.6) 0.169
=383)
Comorbidities, n (%) (n = 77 (20.9) 292 (79.1) 0.435
369)
Type of comorbidities, n
(%)*
Diabetes mellitus (n = 25 (25.8) 77 (22.0) 0.518
102)
Hepatitis (n = 16) 3(3.1) 13 (3.7) 1
Hypertension (n = 207) 38 (39.2) 169 (48.3) 0.14
COPD (n = 137) 22 (22.7) 115 (32.9) 0.072
Cardiovascular disease (n 22 (22.7) 92 (26.7) 0.556
=114)
Cerebrovascular disease 2(2.1) 15 (4.3) 0.476
(n=17)
Renal disease (n = 41) 8(8.3) 33(9.4) 0.875
End-of-life stage, n (%) (n 7 (14.0) 43 (86.0) 0.225
= 50)
Stage at COVID-19
diagnosis, n (%)
Stage I (n = 45) 8(17.8) 37 (82.2) 0.641
Stage II (n = 40) 10 (25.0) 30 (75.0)
Stage III (n = 144) 36 (25.0) 108 (75.0)
Stage IV (n = 216) 42 (19.4) 174 (80.6)
Anticancer treatment, n
(%) (0 — 266) 63 (23.7) 203 (76.3) 0.218
Concomitant medication,
n (%)*
NSAID (n = 81) 19 (19.6) 62 (17.7) 0.783
ACE inhibitors (n = 74) 18 (18.6) 56 (16.0) 0.656
ARA-II (n = 47) 8(8.3) 39 (11.1) 0.525
Corticosteroids (n = 78) 16 (16.5) 62 (17.7) 0.897
Imlr;mnosuppressors n= 0 1003) 0.711
Polypharmacy (n = 309) 66 (68.0) 243 (69.4) 0.891
Treatments, n (%)*
Antibiotics (n = 328) 32(37.2) 296 (86.1) <0.001
Antivirals (n = 170) 5(5.8) 165 (48.7) <0.001
Corticosteroids (n = 180) 6 (7.0) 174 (51.2) <0.001
Hyz‘;r:)xycmomqume =" 3553 264 (78.1) <0.001
Oxygen (n = 269) 9 (10.6) 260 (76.3) <0.001
Ventilation (n = 14) 1(1.2) 13 (4.1) 0.347
Anticoagulant (n = 217) 7 (8.1) 210 (61.4) <0.001
Laboratory parameters,”
mean + SD
Platelets (n = 60; 337) 252.7 £ 134.7 227.2 +13.6 0.175
Neutrophils (n = 60; 336) 56+7.3 6.7 + 6.8 0.249
Lymphocytes (n = 60; 14411 09+08 <0.001
334)
Monocytes (n = 57; 321) 0.5+ 0.4 0.5+ 0.3 0.383
NLR (n = 60; 334) 59+11.8 10.3 £13.4 0.016
CRP (n = 47; 325) 40.6 £+ 56.6 57.9 £ 74.6 0.129
Albumin (n = 31; 185) 3.8+£0.6 3.5+0.6 0.004
Sodium (n = 58; 333) 137.7 £ 4.2 136.4 + 4.3 0.037
Fibrinogen (n = 29; 224) 494.4 + 266.9 616.8 + 223.6 0.007
LDH (n = 46; 284) 351.4 + 335.2 403.2 + 261.4 0.233
DDimer (n = 28; 189) 1151.6 + 2332.7 2547.8 £ 7093.4 0.303
Prothrombin (n = 38; 36.8 + 40.8 31.8 + 34.4 0.423

271)

@ Percentages were calculated considering the total number of patients hospi-
talized or non-hospitalized. ® Laboratory parameters were assessed in (n = non-
hospitalized patients; hospitalized patients).

ACE, angiotensin converting enzyme; ARA-II, angiotensin II receptor antagonist;
COPD, chronic obstructive pulmonary disease; CRP, C reactive protein; LDH,
lactate dehydrogenase; NLR, neutrophils/lymphocyte ratio; NSAID, nonste-
roidal anti-inflammatory drugs; SD, standard deviation.
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Table 4
Multivariate analysis of factors associated with hospitalization.
B E.T. Wald gl Sig. Exp(B)

Lymphocytes —0.330 0.310 1.136 1 0.286 0.719
NLR 0.089 0.071 1.577 1 0.209 1.093
Albumin —0.059 0.497 0.014 1 0.906 0.943
Sodium 0.008 0.014 0.294 1 0.588 1.008
Fibrinogen 0.002 0.001 3.463 1 0.063 1.002
HIV 0.000 0.000 0.124 1 0.725 1.000

HIV, human immunodeficiency virus; NLR, neutrophil/lymphocyte ratio.

0.040), HIV (p = 0.020), and treatment with corticosteroids (p = 0.024),
antibodies, ventilation, and vasoconstrictive agents (p < 0.001). The
administration of corticosteroids during hospitalization did not increase
the rates of ICU admission or mechanical ventilation in this population.
None of patients admitted to the ICU received corticosteroids, either as
concomitant medication or during hospitalization, while corticosteroids
were administered to 4/14 (28.6 %) patients receiving mechanical
ventilation.

3.4. Mortality

Of the 447 patients, 146 (32.7 %) died during the study period.
Several independent variables significantly correlated with an increased
risk of death, including hospitalization, end-of-life stage, stage at
COVID-19 diagnosis, the administration of concomitant NSAIDs and
other treatments, as well as some clinical laboratory parameters (Table 5
and Supplementary Table 5). The multivariate analysis revealed an
increased risk of death in hospitalized, end-of-life stage patients, as well
as in those with lymphocytopenia, low albumin, high lactate dehydro-
genase (LDH) values, and concomitant administration of NSAIDs
(Table 6). Importantly, the administration of anticancer therapies was
not associated with an increased risk of death.

Moreover, disease status and the administration of corticosteroids
during hospitalization were identified as predictors of mortality in this
population. A higher mortality rate was observed in patients with stage
III metastatic/unresectable tumours than in those with localized,
resectable cancer or no evidence of the disease (86.8 % vs 13.2 %; p <
0.017). Likewise, a significantly higher risk of death was found among
patients who received corticosteroids during hospitalization compared
to those who did not (51.3 % vs 25.7 %; p < 0.001). While this associ-
ation was observed regardless of the chronic administration of cortico-
steroids, a higher level of significance was found for patients who did not
receive this concomitant medication (54.8 % vs 29.1 %; p < 0.001) than
those who were receiving them (47.2 % vs 30.7 %; p = 0.024).

An independent analysis was performed including only hospitalized,
non-end-of-life stage patients (n = 307), of whom 107 (34.9 %) died. A
statistical correlation was observed between mortality rate and the type
of cancer, as well as some clinical laboratory parameters including
neutrophils, lymphocytes and LDH (Supplementary Table 6). In the
multivariate analysis, a significantly increased risk of death was
observed in patients with lymphocytopenia and high LDH values, while
no further association was found regarding the administration of
concomitant NSAIDs, the type of cancer, or neutrophil values (Supple-
mentary table 7).

3.5. Severity

Overall, 281 (62.9 %) patients presented severe COVID-19, of whom
14 (5.0 %) received mechanical ventilation, 9 (3.2 %) were admitted to
the ICU and 126 (44.8 %) died. Significantly higher mortality (44.8 % vs
12.1 %; p < 0.001), ICU admission (3.2 % vs 0%; p = 0.047), and me-
chanical ventilation (5.6 % vs 0%; p = 0.009) rates were found in severe
compared to non-severe COVID-19 patients.
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Table 5
Characteristics of patients according to mortality.
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Patients who Patients who P

survived (n = died (n = 146) value
301)
Age, mean + SD 66.6 + 9.9 68.0 +£ 9.4 0.18
Smoking history, n (%) (n = 255 (66.6) 128 (33.4) 0.463
383)
Hospitalization, n (%) (n = 210 (60.0) 140 (40.0) <0.001
350)
Comorbidities, n (%) (n = 247 (66.9) 122 (33.1) 0.795
369)
Type of comorbidities, n
(%)*
Diabetes mellitus (n = 102) 75 (24.9) 27 (18.5) 0.162
Hepatitis (n = 16) 12 (4.0) 4(2.7) 0.694
Hypertension (n = 207) 134 (44.5) 73 (50.0) 0.323
COPD (n = 137) 95 (31.6) 42 (28.8) 0.623
Cardiovascular disease (n = 69 (22.9) 45 (30.8) 0.093
114)
Cerebrovascular disease (n 9 (3.0) 8 (5.5) 0.304
=17)
Renal disease (n = 41) 30 (10.0) 11 (7.5) 0.509
End-of-ilfe stage, N (%) (n = 16 (32.0) 34 (68.0) <0.001
50)
Stage at COVID-19
diagnosis, n (%)
Stage I (n = 45) 33(73.3) 12 (26.7) 0.005
Stage II (n = 40) 30 (75.0) 10 (25.0)
Stage III (n = 144) 109 (75.7) 35 (24.3)
Stage IV (n = 216) 128 (59.3) 88 (40.7)
Anticancer treatment, n (%) 183 (68.8) 83 (31.2) 0.462
(n = 266)
Concomitant medication, n
(%)*
NSAID (n = 81) 46 (15.3) 35 (24.0) 0.035
ACE inhibitors (n = 74) 55 (18.3) 19 (13.0) 0.205
ARA-II (n = 47) 30 (10.0) 17 (11.6) 0.106
Corticosteroids (n = 78) 45 (15.0) 33 (22.6) 0.062
Immunosuppressors (n =1) 0 1(0.7) 0.711
Polypharmacy (n = 309) 207 (68.8) 102 (69.9) 0.9
Treatments, n (%)%
Antibiotics (n = 328) 203 (71.0) 125 (86.8) <0.001
Antivirals (n = 170) 102 (36.0) 68 (47.9) 0.025
Corticosteroids (n = 180) 87 (30.7) 93 (65.0) <0.001
Hyz‘;r:)xy‘:hlmoqume (n= 204 (71.8) 90 (64.8) 0.17
Oxygen (n = 269) 145 (51.1) 124 (87.3) <0.001
Ventilation (n = 14) 7 (5.4) 7 (2.6) 0.26
Anticoagulant (n = 217) 126 (44.2) 91 (63.6) <0.001
Laboratory parameters,®
mean + SD
Platelets, (n = 258; 139) 248.7 + 142.9 198.2 + 108.5 <0.001
Neutrophils (n = 258; 139) 5.8+ 6.4 7.7 +7.6 0.009
Lymphocytes (n = 256; 138) 1.1 +£0.9 0.7 £ 0.7 <0.001
Monocytes (n = 245; 133) 0.5+ 0.3 0.5+ 0.3 0.034
NLR (n = 256; 138) 6.8 +8.3 14.9 +18.3 <0.001
CRP (n = 239; 133) 45.4 + 64.4 74.2 + 82.8 <0.001
Albumin (n = 142; 74) 3.7 £0.6 3.2+ 0.6 <0.001
Triglycerides (n = 53; 26) 131.6 £ 65.1 165.7 + 71.3 0.037
Glycemia (n = 211; 112) 121.0 £+ 46 138.0 + 65 0.009
LDH (n = 217; 113) 348.7 + 230.9 486.7 + 321.5 <0.001
DDimer (n = 147; 70) 2119.5 + 6029.8 2888.6 + 7910.3 0.429
Prothrombin (n = 200; 109)  31.8 + 35.8 33.6 + 34.4 0.676

% Percentages were calculated considering the total number of patients who
survived or died. ® Laboratory parameters were assessed in (n = patients who
survived; patients who died).

ACE, angiotensin converting enzyme; ARA-II, angiotensin II receptor antago-
nist.; COPD, chronic obstructive pulmonary disease; CRP, C reactive protein;
LDH, lactate dehydrogenase; NLR, neutrophils/lymphocyte ratio; NSAID,
nonsteroidal anti-inflammatory drugs.

4. Discussion

The GRAVID study reports one of the largest series of patients with
lung cancer and COVID-19 diagnosis to date. Most patients were older

113

Table 6
Multivariate analysis of factors associated with mortality.
B E.T. Wald gl Sig. Exp(B)

Hospitalization —1.509 0.612 6.074 1 0.014 0.221
End-of-life stage -1.771 0.613 8.355 1 0.004 0.170
NSAIDs —1.453 0.522 7.743 1 0.005 0.234
Lymphocytes value 1.177 0.369 10.153 1 0.001 3.245
Albumin value 0.651 0.199 10.740 1 0.001 1.918
LDH value —0.002 0.001 9.642 1 0.002 0.998

NSAID, nonsteroidal anti-inflammatory drugs; LDH, lactate dehydrogenase.

than 60 years, had advanced stage or metastatic NSCLC and presented
numerous comorbidities, including those associated with an increased
risk of SARS-CoV-2 infection and severe outcomes. Our results reveal
high hospitalization and mortality rates but low ICU admission in pa-
tients with lung cancer, despite a majority of patients developed severe
COVID-19, in line with previous studies. [4,6] Notably, the adminis-
tration of corticosteroids during hospitalization and stage III metastatic
or unresectable disease were identified as predictors of mortality,
emphasizing the need for close monitoring in this subpopulation.

COVID-19 mortality rates in patients with cancer, while high, seem
to vary across studies, probably due to the inclusion of patients with
different types of tumours and disease status, as well as differences in the
use and availability of intensive care resources. [10] According to a
recent meta-analysis, a 25.6 % probability of death (95 % CI: 22.0 %-—
29.5 %) was estimated among 18 650 cancer patients [20]. Our data
suggest that mortality might be higher in lung cancer patients (32.7 %),
as expected due to their pre-existing lung damage and associated
comorbidities. Similar results were reported from the TERAVOLT reg-
istry in patients with thoracic malignancies [4], and a cohort study
performed by the UK Coronavirus Cancer Monitoring Project (UKCCMP)
[6]. In contrast, the Gustave Roussy cohort showed a lower mortality
rate among patients mostly with ECOG performance status 0-1 and a
history of solid tumours [3]. More recently, the French nationwide
cohort study (GCO-002 CACOVID-19) reported 29 % deaths among
1289 patients with cancer and COVID-19 [10]. In line with the TERA-
VOLT, UKCCMP, and CACOVID-19 studies [4,6,10], the rate of ICU
admission during the pandemic was relatively low among patients of the
GRAVID population, which could be explained by general ICU policies
applied in areas of high COVID-19 incidence.

In light of the evidence suggesting that cancer patients with COVID-
19 present worse clinical outcomes than non-cancer patients, numerous
studies have been performed to elucidate the risk factors associated with
poor prognosis. [3-5,7,10,19,21] A cohort study of 1035 records from
the COVID-19 and Cancer Consortium database reported that advanced
age, male sex, smoking status, number of comorbidities, ECOG > 2,
active cancer, and receipt of azithromycin plus hydroxychloroquine
were associated with increased 30-day mortality [5]. In contrast to
previous reports [4,10], smoking history was not associated with an
increased risk of death among the GRAVID population, which might be
due to the small proportion of current smokers. Noticeably, we
confirmed that a reduced probability of survival was associated with
lymphocytopenia and with low albumin and high LDH levels, in line
with previous evidence. [3,12]

Since severe forms of COVID-19 may be treated with corticosteroids,
caution should be given to patients who may already be receiving this
medication as part of their cancer care. Results from studies of cortico-
steroids in the treatment of COVID-19 in non-cancer patients are mixed
in terms of survival benefit, [22] while only a few studies have been
performed in patients with cancer. Combined data from the Hubei,
CACOVID-19, and TERAVOLT cohorts suggest that corticosteroid use,
either as part of cancer care or to treat COVID-19, may increase the risk
of death. [10,23,24] Accordingly, our results revealed a significantly
higher mortality rate in patients who received corticosteroids during
hospitalization, which doubled the risk of death observed in their
non-treated counterparts. Taking into account previous data showing a
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tendency between the risk of death and the use of corticosteroids before
COVID-19 diagnosis [10], our findings suggest that the administration of
corticosteroids as anticancer and anti—COVID-19 treatment might have
a synergic deleterious effect. Of note, corticosteroids might have been
administered as conservative treatment in patients who were deemed
not to be candidates for ICU admission.

Given the plausible link of NSAIDs with an exacerbation of respira-
tory and cardiovascular complications in various infection settings, a
pragmatic and cautionary approach of avoiding NSAIDs as first-line
treatment for managing COVID-19 symptoms is generally recom-
mended. [25] In the GRAVID population, NSAIDs were administered as
concomitant medication to anticancer treatment in higher proportion of
patients than reported in previous studies [4,10]. Although the admin-
istration of NSAIDs was initially identified as a risk factor for mortality
in the analysis of the overall GRAVID population, no further association
was observed among hospitalized, non-end-of-life patients. Similarly,
data from the CACOVID-19 cohort failed to show an increased risk of
death due to NSAIDs consumption [10]. Considering that patients with
cancer may be receiving NSAIDs at COVID-19 diagnosis, particularly in
advanced and end-of-life stages, its potential deleterious effect should
not be neglected, and caution should be exercised until further evidence
emerges.

Despite the worrying initial data, [24] the administration of anti-
cancer systemic therapies has not been shown to impact on the survival
of patients with cancer and COVID-19. Large COVID-19 cancer cohorts
that mostly included patients with solid organ tumours have revealed no
significant increased mortality risk or clinical worsening related to
recent chemotherapy, immunotherapy, or radiotherapy [3-5,10,21].
Moreover, while patients with lung cancer may present higher rates of
severe or critical illness, the incidence of these events seemed similar
regardless the administration of cytotoxic chemotherapy or immuno-
therapy [12]. Our findings further support these results, showing no
correlation between the administration of anticancer therapies and the
likelihood of hospitalization, ICU admission, or survival in lung cancer
patients. Therefore, the risk of mortality stemming from withdrawing or
discontinuing these therapies should be balanced by the potential risk of
a life-threatening COVID-19 infection.

Oncological care has been impacted by the pandemic, due to short-
ages in health service capacity and resources. According to a survey
conducted in the Netherlands, up to 30 % of patients with cancer have
reported consequences in their cancer care follow-up. [26] Moreover,
interruption or suspension of systemic anticancer treatments was re-
ported in 39 % patients of the CACOVID-19 cohort following COVID-19
diagnosis [10]. To prioritize the prevention, detection, and treatment of
patients with thoracic cancers, expert-based recommendations have
been published by collaborative groups worldwide [13-17,27,28],
aimed at standardizing management and providing guidance to the
oncology community [29]. It is generally recommended that the prin-
ciples of lung cancer treatment should be followed, especially in cases in
which a delay may result in rapid cancer progression [29]. Individual-
ized approaches are strongly advised to ensure effective cancer treat-
ment while minimizing the risk of exposure to SARS-CoV-2, considering
the risk/benefit ratio for each patient.(2728)

Our study had some limitations. Results may be partially biased by
the inclusion of patients with adverse COVID-19 outcomes since cancer
patients with less severe infections may not have needed medical
attention during the study period. During hospitalization, neither the
dose nor type of administered corticosteroids were registered. Addi-
tionally, we did not compare all-cause mortality, characteristics, out-
comes, and treatment strategies of patients with cancer against a control
group of non-cancer patients. Nonetheless, the sample size was large
enough to provide a broad overview on the impact of COVID-19 on
patients with lung cancer in Spain, and to show which characteristics are
strongly associated with poor prognosis.
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5. Conclusions

The GRAVID study provides one of the largest overviews on the
impact of COVID-19 in patients with lung cancer to date. In addition to
their potential immunocompromised status and cancer-related features,
this nationwide cohort presented most of the COVID-19-associated risk
factors for severity and poor prognosis, such as older age, comorbidities,
and smoking history. Mortality was high and associated with the general
characteristics of cancer patients, advanced disease, and the adminis-
tration of corticosteroids during hospitalization. Although systemic
anticancer therapies did not increase the risk of death, management of
these patients should carefully consider a balance between the risks and
benefits of safely delivering anti—COVID-19 treatments alongside anti-
cancer therapy. Our findings may inform physicians on patient’s prog-
nosis and assist in guiding healthcare decisions.
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