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Background: We study the characteristics and outcomes in lung cancer patients with COVID-19 Omicron variant infection.
Methods: Hospitalized lung cancer patients with advanced-stage disease and laboratory-confirmed COVID-19 Omicron infection 
were included. Pneumonitis involving at least 25% of lung parenchyma on CT scans, accompanied by symptoms and oxygen 
saturation below 93%, were criteria for enrollment. Pneumonitis severity was graded using CTCAE v5.0. Treatment included 
Paxlovid, prednisolone, anticoagulation, and ventilation. Initial data, radiographic findings, and outcomes were compared. Logistic 
regression was employed to determine risk factors for in-hospital mortality.
Results: Fifteen patients (median age: 65 years; 80.0% males) were included. 73.3% improved and were discharged, 20.0% died, and 
6.7% remained intubated. Initial symptoms included cough (100.0%), fever (73.3%), and shortness of breath (53.3%). Symptoms 
resolved in discharged patients. Median fever duration was 3.5 days, and respiratory symptom recovery took 26 days. Three patients 
died due to respiratory failure from Omicron pneumonia. Lower oxygen saturation, reduced lymphocyte/neutrophil ratio on day 7, and 
diffuse bilateral lung lesions were poor prognostic factors.
Conclusion: This study underscores the importance of prompt intervention and early diagnosis for lung cancer patients infected with 
the COVID-19 Omicron variant. Lower oxygen saturation, decreased lymphocyte/neutrophil ratio on day 7, and diffuse lung lesions on 
CT scans were associated with worse outcomes. Clinicians should prioritize timely and comprehensive management to improve 
survival rates in this population.
Keywords: COVID-19 omicronvariant, lung cancer, oxygen saturation, lymphocyte and neutrophils ratio, chest CT scan

Introduction
The pandemic of coronavirus disease 2019 (COVID-19), caused by the severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2), has been ongoing since December 2019 and has impacted more than 397 million individuals globally, 
resulting in a staggering death toll exceeding 5 million as of February 2022.1 In November 2021, a new variant of 
concern, Omicron, emerged within the SARS-CoV-2 lineage, presenting heightened transmissibility and the concerning 
potential for re-infecting individuals previously exposed to COVID-19.2 The Omicron variant is notably highly 
contagious and has exhibited the capability to re-infect individuals who had recently recovered from COVID-19.2

Recent investigations have unveiled distinct patterns in the characteristics and outcomes of patients hospitalized with 
COVID-19 under the influence of the Omicron variant compared to prior viral variants, showcasing a notable decrease in 
disease severity and mortality rates.2,3 Data indicate an exacerbation rate of up to 13.08% among Omicron-infected 
patients. Moreover, individuals who have cancer, coupled with multiple comorbidities including type 2 diabetes, obesity, 
and cardiovascular diseases that weakened immune systems, are predisposed to experiencing worse COVID-19 
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infections and outcomes.4,5 Notably, individuals with lung cancer harbor an accumulation of risk factors contributing to 
COVID-19 morbidity and mortality, including advanced age, a multitude of comorbidities, a history of smoking, lung 
damage associated with the tumor, and the immunosuppressive effects of cancer treatments.2,6,7

Nevertheless, there remains a gap in understanding the precise clinical trajectory of COVID-19 Omicron variant 
infection, particularly concerning the relationships between patient outcomes, clinical laboratory parameters, and features 
indicative of interstitial lung disease on CT scans.8 Consequently, it is of utmost importance to uncover predictive 
markers and risk factors that can empower clinicians to accurately identify life-threatening conditions in lung cancer 
patients afflicted with COVID-19 Omicron infection.

Patients andMethods
Between December 15, 2022, and January 30, 2023, we enrolled patients with stage IV lung cancer who had laboratory- 
confirmed COVID-19 Omicron infection and exhibited viral pneumonitis affecting a minimum of 25% of lung parenchyma as 
seen on chest CT scans. Eligible patients presented with evident symptoms and oxygen saturation levels below 93%, as assessed 
by a finger-tip oximeter at rest and without supplementary oxygen, leading to their hospitalization. The severity of pneumonitis 
was assessed according to CTCAE v5.0 criteria9 as follows: G1 denoting asymptomatic cases with lesions localized to one lung 
lobe or involving <25% of lung parenchyma on chest CT scan; G2 indicating symptomatic cases with lesions localized to 
multiple lung lobes or involving 25%–50% of lung parenchyma; G3 representing severe cases with lesions encompassing >50% 
of lung parenchyma and hampering daily activities, necessitating oxygen supplementation; and G4 defining life-threatening cases 
with lesions extending across all lobes of both lungs, causing substantial respiratory compromise.

Confirmation of COVID-19 Omicron variant infection was achieved through a test kit (Beijing Kinghawk 
Pharmaceutical Co. Ltd, Beijing, China) using reverse transcriptase-polymerase chain reaction (RT-PCR) in all 
patients.10 Viral pneumonitis involvement on chest CT scan was diagnosed independently by two radiologists. Oxygen 
saturation levels were continuously monitored using a finger-tip oximeter (Mindray uMEC12 Patient Monitor, Shenzhen, 
China) during rest, ambulation, and with supplemental oxygen. All cases were categorized as Grade 2 or higher COVID- 
19 Omicron-induced pneumonitis based on diagnostic and treatment guidelines.9,11,12

Discharge criteria included maintaining a normal body temperature for at least three consecutive days, resolution of 
clinical respiratory symptoms, substantial improvement in inflammation evidenced by chest CT, and achieving two 
consecutive negative results for SARS-CoV-2 RNA, with intervals of at least 24 hr apart.

Data are presented as medians or averages. Risk factors associated with mortality are explored using both univariable and 
multivariable logistic regression analyses. Continuous variables were compared using t-tests or Fisher’s exact test. Statistical 
analyses were performed using SigmaPlot 14.0 (Systat Software Inc., USA), with a significance level set at P < 0.05.

This study obtained ethical approval from the Ethics Committee of the Affiliated Qingdao Central Hospital of Qingdao 
University and was conducted in accordance with the provisions of Good Clinical Practice guidelines, the Declaration of 
Helsinki, and local laws. Informed consents for disclosing patient information were obtained from all study participants.

Results
A total of 15 cases of lung cancer infected with the Omicron variant were included in our study. The median age was 65 
years (range: 43–86), with 80.0% of the cases being male. The most common histology observed was non-small-cell lung 
cancer (n=12, 80%), and all cases were in stage IV (n=15, 100%). Among the patients, 11 (73.3%) were able to recover 
and were discharged, 3 patients (20.0%) unfortunately succumbed to the illness, and 1 patient (6.7%) required persistent 
intubation and assisted mechanical ventilation (Table 1). The prevailing initial respiratory symptoms included cough in 
all 15 cases (100.0%), fever in 11 cases (73.3%), and shortness of breath in 8 cases (53.3%). Fatigue, diarrhea, and loss of 
taste or smell were frequently observed during the first 2 weeks of infection. Notably, atypical respiratory symptoms are 
often exacerbated by the presence of underlying lung cancer. The median duration of fever was 3.5 days, and the median 
time for recovery from respiratory symptoms was 26 days.

The median oxygen saturation (mOS) at rest without oxygen inhalation on day 1 and day 7 are detailed in Table 1. 
A comparison of the average oxygen saturation on day 1 and day 7 between the group of patients who died or remained 
unrecovered (P2, P3, P4, and P8) and the group of recovered patients revealed values of 76% vs 71% and 89% vs 95%, 
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respectively, indicating a significant difference (P<0.001). Blood work was conducted on each patient twice a week, with 
white cell count, neutrophil count, lymphocyte count, and C-reactive protein levels assessed on day 1 and day 7 
(Table 2). The average lymphocyte/neutrophil ratio on day 7, compared to day 1, exhibited a decrease of 20.93% in 

Table 1 Clinical Characteristics

Patient Gender Age Histology Pneumonitis  
Grade

mOS/day 1 mOS/day 7 Outcome

P2 F 86 Adenocarcinoma 3 91% 40% Died on day 7

P3 M 52 Adenocarcinoma 4 80% 78% Died on day 49

P4 M 68 SCLC 4 76% 78% Died on day 27
P8 M 78 Squamous Cell Carcinoma 4 82% 86% In hospital

Average of mOS 76% 71%

P1 M 58 Adenocarcinoma 2 90% 97% Recovered
P5 M 65 Adenocarcinoma 3 89% 93% Recovered

P6 M 43 Adenocarcinoma 2 91% 95% Recovered

P7 M 50 Adenocarcinoma 2 92% 98% Recovered
P9 M 69 SCLC 2 88% 93% Recovered

P10 F 51 Large Cell Carcinoma 3 83% 96% Recovered

P11 M 66 SCLC 2 90% 95% Recovered
P12 M 63 Adenocarcinoma 2 89% 94% Recovered

P13 F 62 Adenocarcinoma 3 88% 98% Recovered

P14 M 66 Adenocarcinoma 2 90% 97% Recovered
P15 M 67 Adenocarcinoma 3 86% 93% Recovered

Average of mOS 89% 95%

Abbreviations: mOS, median oxygen saturation; SCLC, small cell lung cancer.

Table 2 Blood Cells and C-Reactive Protein Changes

Patient WBC count  
(x 10*9)

Neutrophil  
(x 10*9)

Lymphocyte  
(x 10*9)

C-reactive  
protein

L/N ratio (%) L/N ratio  
changes (%)

Day 1 Day 7 Day 1 Day 7 Day 1 Day 7 Day 1 Day 7 Day 1 Day 7

P2 2.54 4.18 1.28 3.01 0.97 0.87 4.42 7.65 75.78 28.90 −46.88

P3 5.84 12.47 3.65 10.31 1.31 2.13 1.32 1.47 35.89 20.66 −15.23
P4 15.05 10.00 11.81 9.55 2.36 0.21 58.60 5.12 19.98 2.20 −17.78

P8 10.92 12.99 9.82 11.90 0.68 0.37 92.21 18.22 6.92 3.11 −3.82

Average 8.59 9.91 6.64 8.69 1.33 0.90 39.14 8.12 34.64 13.72 −20.93

P1 5.32 4.90 3.52 3.26 1.19 1.21 19.57 5.26 33.81 37.12 3.31
P5 4.96 5.35 3.36 4.46 0.96 0.61 30.89 1.54 28.57 13.68 −14.89

P6 4.42 4.78 2.03 2.47 1.62 1.67 6.98 1.01 79.80 67.61 −12.19

P7 7.99 6.56 4.48 4.10 2.25 1.79 22.65 5.40 50.22 43.66 −6.56
P9 2.18 9.80 1.86 8.34 0.18 0.49 85.01 6.05 9.68 5.88 −3.80

P10 12.27 6.05 10.93 4.65 0.60 0.99 191.00 1.35 5.49 21.29 15.80

P11 5.83 3.89 4.96 3.11 0.27 0.83 2.57 0.78 5.44 26.69 21.24
P12 7.48 7.63 5.08 5.46 1.37 1.51 26.20 2.49 26.97 27.66 0.69

P13 6.67 5.01 4.50 3.39 1.37 1.12 14.07 5.37 30.44 33.04 2.59
P14 7.59 8.15 3.43 3.79 2.88 2.95 5.15 6.32 83.97 77.84 −6.13

P15 4.28 6.17 2.90 4.45 0.52 0.87 2.95 0.50 17.93 19.55 1.62

Average 6.27 6.21 4.28 4.32 1.20 1.28 37.00 3.28 33.85 34.00 0.15

Abbreviations: WBC, white blood cell; CRP, C-reactive protein; L/N ratio, lymphocyte/ neutrophil ratio.
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the group of patients who died or remained unrecovered (P2, P3, P4, and P8), while it increased by 0.15% in the fully 
recovered patients. This difference is statistically significant (P<0.001). However, no evident correlation was found 
between changes in blood hemoglobin, eosinophilic granulocyte count, basophilic granulocyte count, and tumor marker 
levels with patients’ prognosis (Data not shown).

Upon admission, all patients presented with lung infiltrations as observed through chest CT scans. Based on the 
appearance of these scans, three distinct patterns emerged. Pattern 1 shows diffuse lung infiltrations affecting both lungs, 
characterized by multiple bilateral ground glass opacities mixed with large areas of consolidation (Figure 1). All three 
patients in this pattern were admitted in a critically ill state; despite aggressive treatment involving antiviral agents, high- 
dose steroids, and antibiotics, two of them ultimately succumbed. The remaining patient required intubation and assisted 
mechanical ventilation.

Pattern 2 demonstrated multiple ground glass opacities with a predominant sub-pleural distribution in both lungs on 
non-contrast chest CT scans (Figure 2). In this subset of patients, only P2 died due to respiratory failure, while the other 
five patients fully recovered after receiving treatment. Notably, advanced age proved to be a poor prognostic factor in this 
pattern. The median duration of in-hospital treatment for this group was 25 days.

Pattern 3 showed multiple ground glass opacities distributed in the central areas of both lungs on non-contrast chest 
CT scans (Figure 3). In this subset of patients, no patients died and all the six patients recovered after receiving treatment. 
The median duration of in-hospital treatment for this group was 18 days.

Discussion
Studies have shown that SARS-CoV-2 causes the release of pro-inflammatory cytokines such as interleukin (IL)-6, IL-1β, 
and tumor necrosis factor (TNF)-α, which are mediators of lung inflammation, lung damage, fever, and fibrosis; various 
chemokines have been found to play an important role in disease progression.13

Figure 1 Diffuse pattern. Non-contrast chest CT demonstrating the presence of multiple, bilateral multiple ground glass opacities (Black arrow) mixed with large areas of 
consolidation (White arrow head) in the both pulmonary lobes.

Figure 2 Sub-pleural pattern. Non-contrast chest CT scan showing multiple ground glass opacities with a predominant sub-pleural distribution in both lungs (Black arrow).
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Patients with cancer are notably more vulnerable to COVID-19 than the general population, experiencing more rapid 
deterioration compared to those without cancer.14 Among cancer types, individuals with lung cancer appear to face the 
highest risk of mortality due to COVID-19 infection.15 Lung cancer patients who developed irAEs while receiving ICIs 
had a significantly higher incidence of COVID-19 pneumonia compared to those without irAEs, and lung cancer patients 
receiving ICIs who become infected with COVID-19 may face a higher risk of immune hyperactivation and cytokine 
storm.16 Clinical manifestations of COVID-19 exhibit remarkable heterogeneity, intricately tied to the dynamic interplay 
between the virus and the host’s physiological response.17 The central objectives for managing lung cancer patients 
infected with COVID-19 revolve around minimizing complications and reducing mortality rates.18 Notably, lung cancer 
patients are predominantly elderly, often afflicted with concurrent obstructive or restrictive lung diseases, compounding 
the risk of unfavorable outcomes in the context of COVID-19 infection. Moreover, an elevated expression of angiotensin- 
converting enzyme 2 (ACE2) has been observed in lung carcinoma compared to normal tissues, amplifying the 
vulnerability of this patient cohort to COVID-19 infection.19 Luo J. et al20 underscored the impact of smoking status 
and chronic obstructive pulmonary disease on the severity of COVID-19 infection in lung cancer patients; however, 
systemic therapies exhibited limited influence. HLA super-types displayed similarity in mild and severe cases of lung 
cancer patients with COVID-19 infection, and hydroxychloroquine failed to yield improvements. The incidence of severe 
illness and mortality rates in lung cancer patients with COVID-19 was reported to surge in the context of recent cancer 
treatment, likely attributed to chemotherapy-induced lymphocytopenia, which impairs cell-mediated immunity and 
further exacerbates virus-induced damage.21

In our study, the average oxygen saturation on day 1 and day 7 remained at 76% and 71%, respectively, for the 3 
patients who succumbed to the infection and the one unrecovered patient. Notably, these levels did not improve 
significantly despite aggressive treatment. In contrast, a critical determinant for survival was the improvement in oxygen 
saturation by day 7 for the 11 recovered patients. Furthermore, we identified a significant decline of 20.93% in the 
lymphocyte/neutrophils ratio on day 7 for the non-surviving patients, alongside a marginal increase of 0.15% for the 
recovered patients. Thus, the increase in the L/N ratio emerged as a predictive marker for recovery, potentially 
outweighing the significance of lymphocytopenia as a predictor. Notably, among the three patients who displayed diffuse 
bilateral ground glass opacities alongside extensive consolidation on non-contrast chest CT scans, two succumbed to the 
disease despite vigorous treatment, while one remained reliant on intubation and assisted mechanical ventilation. Among 
the 12 patients with predominantly sub-pleural or central distribution of multiple ground glass opacities on non-contrast 
chest CT scans, only patient P2 experienced respiratory failure and passed away. Consequently, the location and pattern 
of lung infiltration emerge as pivotal prognostic determinants. Senior age and high ECOG performance score also bore 
heightened risk factors.21

Figure 3 Pulmonary parenchyma pattern. Non-contrast chest CT scan showing multiple ground glass opacities distributed in the central areas of both lungs (White arrow).
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This study, to our knowledge, is the first to delineate the prognostic significance of oxygen saturation and L/N ratio 
changes by day 7, as well as the patterns and distribution of lung infiltration on chest CT scans among lung cancer 
patients afflicted with COVID-19 Omicron infection. However, certain limitations warrant acknowledgment. This study 
represents a single-center retrospective analysis with a limited number of participants, potentially giving rise to selection 
bias. The predictive value of oxygen saturation, L/N ratio changes by day 7, and the patterns evident on chest CT scans 
necessitate further exploration in larger cohorts.

Conclusions
Lung cancer patients affected by COVID-19 Omicron infection confront elevated in-hospital mortality and protracted 
recovery periods. Diminished oxygen saturation, coupled with a decreased lymphocyte/neutrophils ratio by day 7, 
alongside widespread lung lesions on chest CT scans, collectively emerge as potent indicators of an unfavorable 
prognosis. Timely diagnosis and prompt intervention stand as crucial measures in safeguarding the lives of lung cancer 
patients contending with COVID-19 Omicron infection.
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